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GEOHYDROLOGIC DATA IN THE NAVAJO AND Hopi INDIAN RESERVATIONS, ARIZONA, NEW MEXICO, AND UTAH 

PART III 

SE~ECTED LITHOLOGIC LOGS, DRILLERS' LOGS, AND STRATIGRAPHIC SECTIONS 

By M. E. Cooley. J. P. Akers, and P. R. Stevens 

Introduction 

The geohydrologic data in this report consist of information about 

the geology of the Navajo and Hopi Indian Reservations in northeastern 

Arizona. northwestern New Mexico, and southeastern Utah (fig. 1). This 

l'epod consists of a compilation of 161 lithologic logs, 168 drillers' logs, 

and 76 stratigraphic sections, which will supplement the information con

ta-fned in the forthconling comprehensive report on' the ground...lw-ater 

resources and geology of the reservations. The comprehensive report is to 

be published as a U. S. Geological Survey Professional Paper. 

Purpose, Scope, and Organization of the Report 

In 1946 the U. S. Geological Survey was asked by the Bureau of 

Indian Affairs to make a: series of hydrologic investigations to help allevi

ate the \vater shortage at several localities. Later, in 1950 , the 'u. S. 

Geological Survey in cooperation with the Bureau of Indiah Affairs began a 

comprehensive investigation of the geology and ground.!.water resDuI'ces of 

the ~avajo' and Hopi Indian Reservations, which 'occupy parts of'northeast

ern Arizona, northwestern New Mexico, and southeastern Utah (fig. 1). 

The principal objectives of the investigation were as follows: (1) To deter

mine the feasibility of developing ground-water supplies for stock, domes

tic, institutional, and industrial use in particular areas an-d at several 

hundred well sites on the reservations and in adjoining areas owned by the 

Navajo Tribe; (2) to compile an inventory of the existing ground-water sup

plies; (3) to make a comprehensive investigation of the geology and deter

mine the factors that control the occurrence 'and movement of ground water; 

and (4) to appraise the water potential for future development. 

The geohydrologic data of the Navajo and Hopi Indian Reservations 

are reproduced separately in sections as Parts I, II, III, and IV of Arizona 

State Land Department Water Resources Report No. 12. Part I (Davis and 

others, 1963) contains a compilation of the records of drilled wells, dug 

wells. and springs that were inventoried before 1957. Part II (Kister and 

Hatchett, 1963) is a compilation of selected chemical analyses from the 

wells and springs that were sampled. Part III (this report)' contains 

selected lithologic logs, drillers' logs, and stratigraphic sections. Part IV 

consists of maps of the reservation's showing the locations of the wells and 

springs listed in Parts I, II. and III. Information pertaining to wells 

drilled after 1957 is available in th!, open files of the Geological Survey 

Water Resources Division offices in Tucson and Holbrook, Ariz. 

Personnel 

The collection, compilation, and analysis of the data contained in this 

report were under the general supervision of A. N, Sayre and P. E. LaMoreaux, 

former chiefs, and 0, M. Hackett, present chief, of the Ground Water Branch; 

S. F. Turner, L. C. Halpenny, J. W. Harshbarger, and P. E. Dennis, 

former district supervisors of the Ground Water Branch in Arizona; and 

H. M. Babcock; present chief of the Water Resources Division in Arizona. 

The collection of ,the data was, begun under the ,dir~ct supervision of 

Mr. Halpenny and was continued by Mr. Harshbarger. 

Substantial contributions-including descriptions of drill cuttings, 

inventory of water developments, technical assistance in well drilling, and 

descriptions of the measured sections-were made by other personnel of 

the Navajo Project. Those'deservirig special mention are C. A. Repenning, 

J. H. Irwin, J. T. Callahan, H. G. Page, William Ka~, G. E. Davis, 

W. F. Hardt, R. L. Jackson, and H. A. Whitcomb. The logs and strati

graphic sections were typed by Mrs. Ruth Blubaugh and Mrs. Nancy Smith. 

Acknowledgments 

The Geological Survey is grateful for the assistance, cooperation, 

and information given by the late J. J. Schwartz. former head of the Bureau 

of Indian Affairs' water-development program for the Navajo 'Indians;' by 

M. H. Miller, Bureau of Indian Affairs engineer; by Buster 'Kingsley. 

Bureau of Indian Affairs supervisor of the Hopi Indians; and by other per

sonnel of the Bureau of Indian Affairs and the Navajo and Hopi Tribes con

nected with the water-development program. The hydrologic information 

given the Geological Survey by the El Paso Natural Gas Co .• various reli

gious missions, and trading posts is greatly appreciated. Acknowledgment 

is due the many water-well drillers who, since 1948, conscientiously col

lected drill cuttings of the wells and supplied hydrologic data, with special 

thanks to the Cowley Bros. Drilling Co., SI. Johns, Ariz.; Perry Bros. 

Drilling Co., Flagstaff, Ariz.; and Myers Drilling Co •• ' Holbrook, Ariz. 

Land-Net System and Location of Wells and Sections 

The Navajo and Hopi Indian Reservations are in the south-central 

part of the Colorado Plateaus. The Navajo Indian Reservation occupies 

parts of Apache, Navajo, and Coconino Counties in northeastern Arizona, 

San Juan and McKinley CO,untie's in northwestern New Mexico, and San Juan 

County in southeastern Utah (fig. 1). The Hopi Indian Reservation is within 

the central part of the Navajo Indian Reservation in Arizona. The reserva

tions comprise· an area of about 25, 000 square miles, whic!1 is about three 

times the size of the State of New Jersey. 

'The Navajo Indian Reservation is divided into 17 administrative dis

tricts; numbered 1 to 5 and 7 to 18, and the Hopi Indian Reservation com

prises district 6 (fig. 1). District 19 is east of the reservation boundary in 

New Mexico. The reservations and adjoining area were not mapped in 

detail during this study, but 15-minute planimetric maps of the area were 

made from aerial photographs. These maps were used for the geologic and 

hydrologic base maps and are arbitrarily numbered from 1 to 151, starting 

in the upper-right corner of the area and numbering consecutively in rows 

from right to left. 

The logs and stratigraphic sections are arranged in the numerical 

order of the 18 administrative districts of the Bureau of Indian Affairs and 

in accordance with the 15-minute quadrangles within each district. No data 



"1'1..' inclw.h'd in this report frol11 district lU, which is outside the reserva-

tiull lh1undal'Y in Nt.'w Mexico. 

Bureau of Indian Affairs Field Number 

The ground-water and surface-water developments were inventoried 

during the 1930's by personnel of the Bureau of Indian Affairs. The water 

dl'Yl'lopl11C'nts, regardless of type, were numbered consecutively in each 

administrative district. Since this field inventory, new water develop

ments-principally drilled wells-have been assigned a number and added 

to the inventory. 

The wells assigned a Bureau of Indian Affairs field number are 

identified by a compound number consisting of two main parts. The first 

part is divided into a numeral that designates the Bureau of Indian Affairs' 

district and a letter that indicates one of several factors. Since about 1950, 

it denotes the source of funds used in the drilling of a well; the letter "K 11 

is used for wells drilled under the Bureau's drilling program, and the 

letter "T" is used for wells drilled under the Navajo Tribal V\ ell-

De\'elopment Program. However, new wells drilled and all developments 

in\'€ntoried before 1950 n1ay use, instead of "K I
' or "T, 'I the first letter 

of the last name of the person who first inventoried the well or spring for 

the Bureau of Indian Affairs. The second part of the Bureau field number 

represents the consecutive order in which the drilled wells, dug wells, and 

springs were inventoried in each district. Some developments contain an 

additional letter at the end of the field number. These letters are arranged 

consecutively, beginning with "A." Usually, these field numbers are ob

tained from the number of a nearby development that Was inventoried 

pre\·iously. 

Quadrangle Location Number 

The quadrangle location number indicates the position of a well or 

stratigraphic section within a 15-minute quadrangle and consists of three 

parts. The first part is the number of the quadrangle in which the well or 

section is located. The second part is the distance in miles west of the 

northeast corner of the quadrangle, and the third part is the distance in 

miles south of the northeast corner of the quadrangle (fig. 2). The letter 

"~-\" at the end of the quadrangle number means an approximate location. 

Stratigraphic Nomenclature 

The sedimentary rocks are distinguished largely on the basis of 

lithologic characteristics and are referred to by their standard formation 

and member names. Figure 3 lists the stratigraphic names of the rocks 

used in this report. The water-bearing strata, or aquifers, penetrated by 

wells are identified as formations and members and are also listed in 

Part I, Records of Ground- Water Supplies. 

Lithologic Logs 

The lithologic logs were compiled from laboratory examinations of 

the drill cuttings. The procedure used in examining the cuttings was sum

marized by Stevens (1!J63). 

The cuttings were collected by the driller at IO-foot intervals and 

occasionally at a change in formation. Most of the cuttings were not washed 

and were put into cloth sample bags at the time of collection, generally 

when wet. Samples from cable-tool rigs were collected from the material 

dumped from the bailer or, whenever possible, from the drill bit. In 

original records, and no attempt was made to revise these terms. Particle 

size in order of increasing grain size includes clay; silt; very fine grained, 

fine-grained, medium-grained, coarse-grained, and very coarse gI'ain(~d 

sand; granule; pebble; cobble; and boulder, according to the Wentworth 

grade scale. The determination of grain size, roundness, and degreE:: of 

sorting was made by visual comparison with charts prepared by Payne 

(1942). The grains are classified as well rounded, rounded, subrounded, 

subangular, or angular. The sorting is indicated as well surted, fair 

sorted, and poorly sorted and,' in general, is restricted to sandstone. 

Material is well sorted if more than 90 percent of the grains is in two adja

cent particle-size ranges (Payhe, 1942) or fair sorted if more than fJO per-

cent of the grains falls into three or four adjacent ranges; it is poorly 

sorted if five or more ranges are represented. Quartz grains are the main 

constituents of the sediments, and they are described as clear, stained, 

frosted, or amber. Readily identifiable accessory minerals are pyrite, 

gypsum, calcite, or mica. ¥ihere the accessory minerals are not easily 

identifiable, their color prevalence and other readily distinguished charac-

teristics are described. The clastic rocks are well, firmly, and weakly 

cemented, and, where recognizable, the composition of the cement is noted. 

A noncalcareous, weakly cemented sediment is considered to have an 

"argillaceous' I cement. 

The correlatiort of lithologic logs is relatively simple for logs of 

wells on the reservations, because most stratigraphic units are recognized 

readily in drill cuttings. Generally, the samples are examined and a con-

tinuous log is kept during drilling of new wells. This procedure helps to 

determine the depth of formational contacts and to predict the additional 

drilling necessary to reach the desired aquifer. 

Drillers' Logs 

The terminology used by drillers varies considerably; however, by 

comparing the driller's log with known thicknesses and descriptions of the 

rocks on the surface, most of the stratigraphic units can be reco~rnized. 

Many of the drillers' logs show large stratigraphic intervals as undifferen

tiated where formational changes are based on minor changes in litlwlogy, 

unless the formational change is accompanied by changes in the drilling 

characteristics of the rocks. Most drillers rely more on the drilling C'hal'

acteristics of the rocks than on small variations in composition to idelltit':-, 

formational contacts. In some instances, however, because of changes in 

drilling characteristics, the very weakly consolidated alluvial sediment ~ 

are represented more accurately in a driller's log than in a lithologic log. 

Stratigraphic Sections 

One of the main techniques used in the study of sedimentary l'ocks 

is the measurement and description of stratigraphic sections; these Sl'C-

tions were made at selected points where the rocks are exposed Clearly. 

The thicknesses of most of the sections were measured with a hartd h'vel. 

but a few were measured by the Use of a plane table, transit, steel tapE', or 

by a combination of two or more of these methods. Each bed or group of 

similar beds is described and indicated as a "unit" in the stratigraphic 

section. Correlation of the stratigraphic units was made in the field. 

Color, grain size, rounding, sorting, composition, and cementation 

of the sedimentary rocks were determined at the time of measurement, and 

the terminology is the same as that used for the description of tbe drill 

cuttings in the lithologic logs. Additional features described include 
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Figure 2. "-Sketch showing well-numbering system used in the Navajo 

and Hopi Indian Reservations. 

rotary-drilled wells the samples were taken from the ditch through which 

the mud circulates to the mud pit. The ditch was cleaned before each 

sample was collected to reduce contamination; therefore, representative 

samples from the bit or drilling depth could be obtained. Cuttings were 

collected periodically by project personnel. Good well logs are contingent 

on representative samples; thus. a conscientious. cooperative driller who 

observes proper sampling procedures is essential to the compilation of 

accurate well records. 

The rock type, color, particle size, rounding, sorting, composition, 

accessory minerals, and cementation are recorded in all lithologic descrip-

tions of the drill cuttings. The color designation was determined from the 

rock-cnlor chart distributed by the National Research Council (Goddard, 

IfJ-l8), and many of the colors were interpolated using the procedure de-

scribed in the rock-color chart. Grain size of the detrital rocks is 

described generally in accordance with the classification presented by 

Wentworth (1926), In his classification, detrital rocks are listed in order 

of increasing coarseness as claystone, siltstone, sandstone, granule con-

glomeratf~. or pebble conglomerate. These types grade into one another, 

and modifying terms can be used, such as "sandy siltstone" or "silty 

sandst()nf~." The term "mudstone" is used to designate a rock con-

taining nearly equal proportions of silt and clay. Many terms, such as 

silty mudstone or silty claystone, used in the lithologic logs are from the 

bedding, crossbedding, weathering, topographic expression, description of 

the lower contact, and the splitting properties. 

The general bedding features are described by Harshbargel', 

Repenning, and Irwin (IDa?, p. 2l8). 

"The physical features of each sedimentary unit al't' di\"ided into two 

general types in the manner dedsed b~' Kl'ynine (11l-l8, p. 1-l5~1-l7). lIe 

classifies the gross features of the lithologic unit as a whnlp-irs shape 

and size and the nature of its boundaries-as external. In f€-'atul'es cl<1ssi-

fied as internal he includes stratification and other features within the unit, 

Thus. an individual unit may be tabular in form and be composed of flat-

bedded strata. As the tabular form of sedimentary-rock units is by far the 

most common of external shapes, it has usually not been noted in the descrip-

tians. Howe\Tcr, note has been made of external form in the case of lenticu-

lar units. 

"In the above E'xample of a tabular unit composed of flat-bedded 

strata. each individual stratum may ha\y(' internal features of its own, such 

as crossbedding. If it is desirable. in the description of the unit, to describe 

this crossbedding within individual strata. considerable confusion may arise, 

for it seems contradictory to say that a unit is both flat bedded and cross-

bedded. In order to avoid the burden of describing each different stratum, 

it seems desirable to describe the sequence as a whole but to include quali-

fying statements to record variations within the unit. ThereforE', to indicate 



SYSTEM SERIES 

ENTIRE AREA 

{ Alluvium 
qUXfERN,\RY 

Surficial deposits Landslide deposits and talus 
Windblown sands 
Terrace deposits 
Spring deposits 
Volcanic rocks 

Bidahochi Formation 

PLIOCENE Upper member 
Volcanic member (tuff) 
Lower member 

TERTIARY 

PLIOCENE(? ) Chuska Sandstone 

PALEOCENE Nacimiento Formation 

BLACK MESA BASIN SOUTHERN SAN JUAN BASIN NORTHERN SAN JL:AX BASIX 

Ojo Alamo Sandstone 
Kirtland Shale 

Upper melnber 
Farmington Sandstone Member 
Lower member 

Fruitland Formation 
Pictured Cliffs Sandst one 
Lewis Shale 
Cliff House Sandstone 

Menefee Formation Menefee Formation 

UPPER 
Point Lookout Sandstone Point Lookout Sandstone 
Satan Tongue of Mancos Shale 
Hosta Tongue of Point Lookout 

Sandstone 
Cleary Coal Member of Menefee 

Formation 
CRET.-\CEOUS Crevasse Canyon Formation 

Gibson Coal Member 
Dalton Sandstone Member 
Mulatto Tongue of Mancos Shale 

Yale Point Sandstone Bartlett Barren Member 
Wepo Formation Dileo Coal Member 
Tareva Formation Gallup Sandstone 

Upper sandstone member Upper part 
Middle carbonaceous member Tongue of Mancos Shale Mancos Shale (upper part) 
Lower sandstone member Lower part Gallup Sandstone 

Mane os Shale Mancos Shale Mancos Shale (lower part) 
Dakota Sandstone 

Dakota Sandstone Dakota Sandstone 
UPPER AND Upper member 

LOWER Middle member 
Lower member 

LOWER Burro Canyon FOl'lllation 

ENTIRE AREA 

Morrison Formation 
Brushy Basin Member 
Westwater Canyon Member 

UPPER { Recapture Shale Member } 
Salt Wash Sandstone Member 

Cow Springs Sandstone Summerville Formation Bluff Sandstone 
JURASSIC Sandy facies 

Todilto Limestone 
Entrada Sandstone 

Upper sandy member 
Medial silty member 
Lower sandy member 

UPPER AND 
Carmel Formation MIDDLE 

JURASSIC AND Navajo Sandstone TRIASSIC(? ) 



Kayenta Formation 
Silty facies 
Sandy facies 

TRIASSIC(? ) UPPER Moenave Formation 
Springdale Sandstone Member 
Dinosaur Canyon Sandstone 

Member 

Wingate Sandstone 
Lukachukai Member 
Rock Point Member 

Chinle Formation 
Church Rock Member 

UPPER Owl Rock Member 
Petrified Forest Member 

{orreo(? ) Sandstone Member Upper part 
Sonsela Sandstone Bed in Zuni Mountains area 

Lower part 
Monitor Butte Member 

TRIASSIC Lower red member 
Shinarump Member 

SOUTHERN AND SOUTHWESTERN 

PARTS OF THE RESERVATIONS 
MONUMENT V ALLEY 

MIDDLE(?) 
AND LOWER Moenkopi Formation Moenkopi Formation 

Holbrook Member Upper siltstone member 
Moqui Member Middle sandstone member 
Wupatki Member Lower siltstone member 

TRIASSIC(? ) 
Hoskinnini Member 

GRAND CANYON DEFIANCE PLATEAU ZUNI MOUNTAINS MONUMENT V ALLEY 

Kaibab Limestone San Andres Limestone 
PERMIAN Toroweap Formation Cutler Formation 

Coconino Sandstone De Chelly Sandstone Glorieta Sandstone De Chelly Sandstone 
Upper member Yeso Formation Member 
Tongue of Supai Abo Formation Organ Rock Tongue 

Formation Cedar Mesa Sandstone 
Lower member Member 

Halgaito Tongue 

Supai Formation Supai Formation 

- P~~~~~~~ At~~N 
CfJ Rico Formation ;:J 
0 
~ 
Ol 
~ 

Hermosa Formation Z PENNSYLVANIAN 
0 
P'l 
~ 
~ 
U MISSISSIPPIAN Redwall Limestone Stratigraphic' units not listed 

below the Hermosa - Formation 

MIDDLE Muav Limestone 
Bright Angel Shale 

CAMBRIAN 

MIDDLE 
Tapeats Sandstone AND LOWER 

PRECAMBRIAN Granite Quartzite and granite Granite 

Figure 3. -- Names of the rocks and sediments of the Navajo and Hopi Indian Reservations J Arizona, New Mexico, and Utah. 



that variation exists within a unit, the unit is referred to as a coset and the 

minor units, containing the variations, are referred to as sets. Thus, the 

hypothetical unit described above would be a flat-bedded coset; an individual 

tabular crossbedded stratum within it would be considered as a cross bedded 

set. The definition of a set, as used herein, is a stratum or a group of 

strata having a uniform lithology, distinguished from other sets by a differ-

ence in lithologic character J and included in the description of a larger 

stratigraphic unit, referred to as a coset. A coset is a sedimentary unit 

that contains two or more sets and differs recognizably in lithology from 

adjacent strata or eosets ... 

The description of the bedding in most sections of this report closely 

follows the bedding description of McKee and Weir (1953), as modified by 

Harshbarger and others (1957). In some of the sections thinly laminated and 

laminated bedding are referred to as very thin bedded. (See tabulation below.) 

Splitting property Thickness 

Very thick ...... Massive ............... More than 120 cm (4 ft) 

Thick ......... " Blocky ................ 60-120 cm (2 ft-4 ft) 

Thin .......... " Slabby ....... " ..... '" 6-60 cm (2 in-2 ft) 

Very thin ........ Flaggy ................. 1-5 cm (1/2 in-2 in) 

~
halY (mudstone) ......•. 

Laminated ..... . 
Platy (limestone and 

sandstone) ........... . 

2mm-lcm 

2 rnm-l em 

Thinly laminated. Fissile .........•....... Less than 2 mm 
(paper thin) 

Crossbedding or cross-stratification is divided into three types-

simple, planar, and trough-based on the external features of a unit dis-

playing similarly oriented crossbeds, as described by Harshbarger and 

others (1957, p. 58): "The simple type shows no apparent signs of erosion 

along the bounding surfaces of the individual group of crossbeds. The 

planar type is marked by flat surfaces of erosion bounding the group. The 

trough type is marked by curved surfaces of erosion bounding the group. 

Festoon crossbedding would be a specialization within the trough type, as 

its lower boundary is obviously a curved surface of erosion. What has often 

been referred to as torrential crossbedding ordinarily falls into the planar 

type. Minor descriptive terms used to modify the three major types are 

tabular (parallel planar surfaces), wedge (converging planar surfaces), and 

lenticular (converging curved surfaces)." The crossbeds, as shown below, 

are classified as to shape, angle of dip, size, and thickness. 

Shape ................ concave or convex 
(upward) 

Angle of dip 

High ............. more than 20' 

Medium .......... 10' to 20' 

Low ............ " less than 10' 

Size or scale 

Large .......... " more than 20 feet 

Medium .......... 1 to 20 feet 

Small .....•...... less than 1 foot 

Thickness ............ same as classification 
for bedding 

The descriptions of some of the sections include very low angle of 

dip, which is less than 5' and usually less than 3', and very large scale 

crossbeds, which are several tens to more than 100 feet long. Pseudo-

crossbedding. formed by a progressive advance of ripples upon each other, 

is common in silty fine-grained sandstone and siltstone beds. Well-formed 

ripple marks are not common in a pseudocrossbedded unit, although they 

may occur at the top of the unit. 

The other features of the sedimentary rocks relate to weathering 

and topographic expression, such as slopes, ledges, cliffs, and the size of 

blocks and particles produced by weathering. For the most part, the terms 

are self-explanatory. Platy weathering generally is associated with very 

thin bedded units and flaggy weathering with thin- to thick-bedded sedi-

ments, especially those consisting of alternating sandstone and siltstone 

layers. Hoodoo weathering pertains to rounded, irregular, or pillar like 

forms, which often have been described as "rock babies." The basal con-

tact of a unit is described as either sharp or gradational and as either flat 

or irregular. 

The environment in which each unit was deposited was interpreted 

at the time of field observation from the sedimentary features of the unit. 

The interpretation of the environment was an aid in determining the exist ... 

ence of local unconformities, intertonguing relations, and gradations be-

tween the adjacent units. 
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SELECTED LITHOLOGIC LOGS IN THE NAVAJO AND HOPI INDIAN RI,SERVATIOl\S, 

ARIZONA, NEW MEXICO, AND UTAH 



Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah 

QUATERNARY: 
Windblown sands: 

Sand: Grayish-orange (IOYR 7/4); fine- to medium-
grained; well-sorted; composed of subrounded to 
subangular, frosted quartz; rare black accessory 
minerals; calcareous cement. 

UPPER AND MIDDLE JURASSIC: 
Carnlel Formation: 

Siltstone: Pale-reddish-brown (lOR 5/4)' silt and 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Sandstone: Moderate-reddish-orange (lOR 6/6) to 
moderate-reddish-brown (lOR 4/6); very fine to 
coarse-grained; silty; poorly sorted; composed of 
rounded to subrounded J stained quartz; rare dark 
accessory minerals and argillaceous material; weakly 
cemented; calcareous and ferruginous. 

,'"renaceous siltstone: Moderate-reddish-orange (lOR 
6/6) to moderate-reddish-brown (lOR 4/6); silt to 
medium-grained; rare accessory minerals; weakly 
cemented, calcareous and ferruginous. , 

Sandstone: Moderate-reddish-orange (lOR 6/6) to 
moderate-reddish-brown (lOR 4/6); very fine to 
coarse-grained; silty; poorly sorted; composed of 
rounded to subangular, stained quartz; rare dark 
accessory minerals, rare argillaceous material, 
rare mUdstone fragments; weakly cemented, calcar
eous and ferruginous. 

Siltstone: Moderate-reddish-orange (lOR 6/6) to 
moderate-reddish-brown (lOR 4/6); very fine to 
fine-grained; silty; rare dark accessory minerals; 
weakly cemented. calcareous and 'ferruginous. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Moderate-orange-pink (5YR 8/4); very fine Sandstone: 
to fine-grained, rare medium-grained; fair- to well-
sorted; composed of subangular to subrounded, frosted 
quartz; common accessory minerals; siliceous ce-
ment (0-70 feet); weakly cemented, calcareous (70-
300 feet); well-cemented, calcareous (300-350 feet); 
weakly cemented, calcareous (350-750 feet). 

Sandstone: Moderate-orange-pink (5YR 8/4)' fine- to 

QUATERNARY: 
Alluvium: 

Sand: Pale-reddish-brown (lOR 5/4); fine-grained. 
UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 
Siltstone: Moderate-reddish-orange (lOR 4/6); clay 

and silt. 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone: Moderate-reddish-orange (lOR 4/6); fine

grained. 

QUATERNARY: 
Windblown sands: 

Sand: Pale-reddish-brown (lOR 5/4); very fine to fine-
grained; poorly sorted; composed of quartz; calcare-
ous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (5Y~ 8/4); very fine 
to fine-grained; silty; well-sorted; composed of 
quartz. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; well-sorted; composed of 
quartz. 

Moderate-orange-pink (5YR 8/4); very fine Sandstone: 

QUATERNARY: 
Alluvium: 

Sand: Light-brown (5YR 6/4 to 5YR 5/6); fine-grained; 
poorly sorted. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6)'; very 
fine grained; silty; fair-sorted. 

Sandstone: Light-brown (SYR 6/4 to 5YR 5/6); flne-
grained; poorly sorted. 

Clayey siltstone: Light-brown (5YR 6/4 to 5YR 5/6). 
Sandy siltstone: Light-brown (5YR 6/4 to 5YR 5/6), 
Sandstone: Lillht-brown (5YR 6/4 to 5YR 5/&); very fine 
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rare to common medium-grained sand; poorly 
sorted; composed of subrounded to rounded, frosted 
and amber quartz; calcareous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

80 Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to medium-grained; color and sorting vary slightly; 
composed of subrounded to rounded, frosted quartz; 
rare black accessory minerals' calcareous cement. 

IR-223 
28-4.90-12.75 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6) to 
moderate-reddish-brown (lOR 4/6); very fine to 
medium-grained; silty; fair-sorted; composed of 
rounded to subangular, stained quartz; rare to mod
erately common dark accessory minerals, rare 

10 II argillaceous material, rare mudstone fragments; 

7U 

I 088 

Depth 
(feet~ 

lof) 

1,248 

weakly cemented, calcareous and ferruginous. 5(J I loU 
Sandstone: Moderate-orange-pink (lOR 7/4hto mod

erate-reddish-orange (lOR 6/6); very fine to fine-
4011 grained; silty; fair-sorted; composed of rounded 

to subangular, stained quartz; rare to moderately 
common dark accessory minerals, rare argillaceous 
material, rare mudstone fragments; weakly ce-
mented, calcareous and ferruginous. ii, 270 ii, 4UO 

Sandstone: Grayish-orange-pink (lOR 8/2) to moder-
ate-orange-pink (lOR 7/4); very fine to fine-grained; 

6011 silty; fair-sorted; composed of rounded to subangu
lar, stained quartz; rare to moderately common 
dark accessory minerals, rare argillaceous n1ate
rial, rare mudstone fragments; weakly cemented, 

8011 calcareous. 17 I 1. Hi 
IT-227 

H-9. 70-4. 70 

medium-grained; well-sorted; composed of sub-
angular to subrounded, frosted and stained quartz; 
rare black accessory minerals; very weakly ce-
mented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4) to mod-
erate-pink (5R 7/4); very fine and rare fine-grained; 
well-sorted; composed of subangular to subrounded, 
frosted quartz; siliceous cement. 

750 No samples. 

IK-217 
42-4.05-10.60 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained. 

1011 Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine-
grained; claystone fragments. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); very 
fine grained. 

9011 UPPER TRIASSIC(?): 

220 

Kayenta Formation: 
Sandstone: Pale-reddish-brown (lOR 5/4); fine

grained; tightly cemented. 

"'IK=22O 
42-10.05-9.55 

to fine-grained; silty; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YH 8/4); very finc' 
to fine-grained; silty; well-sorted; composed of 

10 quartz; calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
40 to medium-grained; well-sorted; composed of quartz; 

calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

180 to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

58-9. no - 6. 70 

grained; silty; poorly sorted; claystone fragments, 
Sandy siltstone: Light-brown (5YR 6/4 to 5YR 5/6), 
Clayey siltstone: Light-brown (5YR 6/4 to 5YR 5/6). 

60 Silty claystone: Light-brown (5YR 6/4 to 5YR 5/6). 
Sandy siltstone: Light-brown (5YR 6/4 to 5YR 5/6). 
Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); very 

150 
fine grained; silty; claystone fragments. 

JURASSIC AND TRIASSIC(?): 
Navajo 'Sandstone: 

160 Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine-
170 grained; c1ayntone fragments. 
180 Sandstone: Moderate-pink (5R 7/4); very fine grained; 

silty; poorly sorted. 
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JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/4) to grayish
orange-pink (5YR 7/2); very fine to medium-grained; 
silty; well-sorted; composed of rounded to Bubrounded, 
clear and frosted quartz; rare feldspar and dark acces
sory minerals; calcareous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair- to well-sorted; composed 
of subrounded to subangular, clear and stained quartz; 
rare dark accessory minerals, rare argillaceous ma-
terial; weakly cemented~ calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine .. grained; silty; fair- to well-sorted~ composed 
of subrounded to subangular, clear and stained quartz; 
rare dark accessory minerals; weakly cemented, cal-
careous. 

Sandstone: Moderate-reddish-orange (lOR 6/6) very 
fine to fine-grained; silty; fair- to well-sorted; com-
posed of subrounded to subangular, clear and stained 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very pale orange (10YR 8/2); fine- to 
medium-grained; well-sorted; composed of sub-
rounded to rounded, clear, stained, and frosted 
quartz; common dark accessory minerals; minor 
variations of sorting, size, and color at intervals; 
silic E'OUS cement. 

Sandstone: Very pale orange (lOYR 8/2); silt to medi-
urn - grained; poorly sorted; composed of subangular 
to subrounded, frosted quartz; rare dark accessory 
minerals; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); fine- to 
medium-grained; fair-sorted; composed of subrounded 
to rounded, stained and frosted quartz; common dark-
gl'ay limestone fragments ~ siliceous and calcareous 

QUATERNARY: 
Alluvium: 

Sand: Light-brown (5YR 6/4); very fine to medium
grained; silty; poorly sorted. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of calcareous 
quartz sand. 

Sandstone: Grayish-orange-pink (lOR 8/2) to light-gray 
(N 7); very fine to fine-grained; well-sorted; com
posed of calcareous quartz sand with limestone frag
ments. 

Sandy calcareous siltstone: Grayish-orange-pink (lOR 
8/2) to light-gray (N 7); limestone frai(ments, 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
to fine-grained; silty; fair-sorted; composed of cal
careous quartz sand. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (lOR 7/4) to moderate
reddish-orange (lOR 6/6); very fine to fine-grained; 
well-sorted; composed of subrounded to subangular, 
clear and stained quartz with silt; weakly cemented J 

490 

360 

100 

660 

30 

238 

20 

10 

20 

calcareous. 140 
Sandstone: Grayish-orange-pink (lOR 8/2); very fin'e to 

fine-grained; well-sorted; composed of subrounded to 
subangular, clear and stained quartz with silt; weakly 
cemented, calcareous, 60 

Sandstone: Moderate-orange-pink (lOR 7/4) to moderate
reddish-orange (lOR 6/6); very fine to fine-grained; 
well-sorted; composed of subrounded to subangular, 
clear and stained quartz with silt; weakly cemented. 
calcareous. 100 

UPPER TRIASSIC(?): 
Kayenta Formation: 

Siltstone and mudstone: Moderate-reddish-orange (lOR 
6/6) to pale-reddish-brown (lOR 5)4); silt and clay; 
weakly cemented, calcareous. 50 

Siltstone: MOderate-reddish-orange (lOR 6/6) to pale
reddish-brown (lOR 5/4); silt; reddish-brown mud-
stone fragments, 20 

Sandstone: Pale-red (lOR 6/2); fine-grained; well
sorted; composed of angular to subangular, clear and 
stained quartz; rare to common siltstone and mudstone 
fragments; rare mica; firmly cemented. calcareous 
and ferruginous, 10 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine-
to medium-grained; well-sorted; composed of angular 

lK-222 
59 -4 0-5 10 

UPPER TRIASSIC(?): 
Kayenta Formation: 

Silty facies: 
Arenaceous siltstone: Pale-reddish-brown (lOR 5/4); 

fine-grained; silty; composed of rounded to sub
rounded, clear, stained, and frosted quartzj rare mica 

490 and dark accessory minerals; noncalcareouB cement. 
lK-224 

59 12 50 3 20 - -
quartz; rare dark accessory minerals; weakly ce-
mented, calcareous, 

UPPER TRIASSIC(?): 
Kayenta Formation: 

Arenaceous siltstone: Moderate-reddish-orange (lOR 
6/6); very fine to medium-grained; silty; poorly 

360 sorted; composed of rounded to subangular. clear 
and stained quartz; rare argillaceous material; 
weakly cemented, calcareous and argillac eous. 

Arenaceous siltstone and mudstone: Pale-reddish-
brown (lOR 5/4); clay to medium-grained sand; 

460 poorly sorted; composed of rounded to subangular, 
clear, stained, and frosted quartz; rare hematite 
spherules; weakly cemented, calcareous and argil-
laceous. 

lK-2~~ 
60 13 10 2 55 - -

cement. 
UPPER TRIASSIC(?): 

Kayenta Formation: 
Siltstone: Grayish-orange-pink (5YR 7/2); silt to fine-

grained; sandy; poorly sorted; composed of sub-
angular, stained and frosted quartz; rare black 
accessory minerals; calcareous cement. 

660 Tongue of Navajo Sandstone in Kayenta Formation: 
Sandstone: Moderate-orange-pink (lOR 7/4); medium-

grained; well-sorted; composed of subrounded to 
rounded, frosted and stained quartz; common black 

690 accessory minerals; siliceous cement near top; 
weakly cemented, calcareous, near bottom; lower 
30 feet is chiefly fine grained. 

No samples. 

-2K 305 
25-4 05-15 25 

to medium-grained; well-sorted; composed of cal
careous quartz sand. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
2 fine to medium-grained; silty; fair-sorted; composed 

of calcareous quartz sand. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to medium-grained; well-sorted; composed of 
calcareous quartz sand. 

240 Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to fine-grained; well-sorted; composed of cal
careous quartz sand. 

Sandstone: Moderate-orange-pink (lOR 7/4); very 
260 fine to fine-grained; silty; well-sorted; composed of 

calcareous quartz sand. 
270 UPPER TRIASSIC(?): 

Kayenta Formation: 
Siltstone and mudstone: Pale-reddish-brown (lOR 5/4) 

290 and grayish-red (lOR 4/2); calcareous cement, 
No samples. 

2T-316 
26-1. 05-5, 05 

to subangular, clear and stained quartz; rare hema
tite pellets; rare mudstone fragments; weakly ce
mented, calcareous. 

Sandstone: Moderate-orange-pink (lOR 7/4) to moder
ate-reddish-orange (lOR 6/6); very fine to fine
grained; silty; fair-sorted; composed of angular to 

140 subangular, clear and stained quartz; rare mica; 
weakly cemented, calcareous. 

(Arbitrary contact) 
Moenave Formation: 

200 Sandstone: Moderate-orange-pink (lOR 7/4) to moder-
ate-reddish-orange (lOR 6/6); very finp to fine
grained; silty; fair-sorted; composed of angular to 
subangular, clear and stained quartz; ran' mica; 
weakly cemented, calcareous. 

300 UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
Sandstone: Moderate-orange-pink (lOR 7/4) to moder

ate-reddish-orange (lOR 6/6); very fine to fine-
350 grained; silty; fair-sorted; composed of angular to 

subangular, clear and stained quartz; weakly ce
mented, calcareous. 

370 Arenaceous siltstone: Pale-red (5R 6/2); fine-grained; 
silty; composed of quartz sand; rare blue-green silt
stone; weakly cemented, ('alcareous. 

Sandstone: Moderate-orange-pink (lOR 7/4) to moder
ate-reddish-orange (lOR 6/6); very fine gt'uined; 

380 well-sorted; composed of angular to subangular, 
clear and stained quartzi weakly cemented, calcar
eous, 

9 

30 

10 

6 

70 

110 

120 
6 

20 

10 

110 

270 

5 
54 

20 

100 

150 

100 

20 

10 

499 

490 

500 

506 

760 

870 

090 
!)96 

310 

320 

430 

70U 

745 

750 
804 

400 

500 

650 

750 

770 

780 

III 



II 

Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Hock Point Ml'nlbel': 
No san1ples. 
Sandstone: Pale-red (5R 6/2) to pale-reddish-brown 

(lOR 5/--1);· very fine to fine-grained; poorly sorted; 
composed of subrounded to subangulal', clear and 
stained quartz; C0111mOn siltstone and lTIudstone frag
ments; rare dark aCl'eSSOl'Y l11inero.ls; firn1ly ce
mented, calcareous. 

Siltstone: Grayish-red (JOH ... /2); very fine grained; 
silty; C'0111pospd of quartz sand; calcareous and ferru-

JURASSIC A,ND TRnSSIC(?): 
Xa\'aio Sandstone: 

Sdndstone: Ligllt-bl"own (5YH 6/4 to 5YH 5/6); very 
fine grained; silty; fair-sorted. 

Sandstone: Moderate-pink (5R 7/..J:); very fine grained; 

JJ.:R.".SSIC .".ND THHSSIC(?): 
:.J"a\"aio Sandstone: 

Sa'"ndstone: Pale-red (lOB. 6/2); very fine to 111edium
grained; silty; poorly sorted; light-gray li111estone 
fragmet?ts. 

Sandstone: Moderate~reddish-orange (lOR 6/6); vel'y 
fine to fine-grained; fair-sol'ted; calcareous cen1ent. 

Sandstone: Moderate-orange-pink (5YR 8/..J:.); very fine 
to fine-grained; well-sorted; composed of quartz; 
calcareous cen1ent. 

Sandstone: Moderate-ol'ange-pink (5YH 8/-i); vel'Y fine 
to fine-grained; \vell-sorted; ('01l1posed of qual'tz; 
lin1estone fragIl1ents. 

Sandstone: lVloderate-orange-pink (5YR 8/..J:); very fine 
to fine-grained; well-sorted; calcareous CeIl1ent. 

Sandstone: lVloderate-orange-pink (5YR 8/-i); very fine 
to mediurn-grained; well-sorted; calcareous Cl"n1ent. 

Sandstone: Moderate-orange-pink (5YR 8/-i); very fine 
to fine-grained; well-sorted; calcareous ('elnent. 

Sandstone: Moderate-orange-pink (lOR 7/ .J-); very fine 
to fine-grained; well-sorted; calcareous ('(~rnenL 

L:PPER THIASSIC(?): 
Kayenta Formation: 

'Silty mudstone: Pale-n'ddish-brown (11lR 5/4); frag
n1ents of very fine to n1e(hun1-grained sand; fail'
sorted; calcareous celnent. 

Sandstone: Pale-reddish-brown (lOR 5/-i); vel'y fine to 
medium grctined; SIlty; fait'-sorted; calcareous ce
ment. 

.rJ.:H.".SSIC AND THIASSIC( ?I: 
:\avajo Sandstone: 

Sandstone: Moderate-ol'ange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of qual'tz sand; 
calcareous cement. 

Sandstone: Grayish-orange-pink (lUn. 8/2); very fine to 
fine-grained; \\'ell-sol'ted; composed of quartz sanel; 
calcareous cement. 

Sandstone: Moderate-ol'ange-pink (lOn 7/4); vcry fine 
to fine-grained; well-sorted; composed of quartz sand; 
calea reous cement. 

Sandstone: Moderate-orange-pink (5YH. 8/4); very fine 
to fine-grained; well-soded; composed of qual~tz sand; 
calcan!uus cempnt. 

Sandstone: Model'ate-orange-pink (5YR 8/4); very fine 
to medium-grained; well-sOl'ted; calcareous cement. 

Sanc1E:itone: Moderate-orange-pink (5YH 8/4); vcry fine 
to fine-grained; well-sorteu; calcareous cement. 

Sandstone: Grayish-orange-pink (lUR 8/2); very fine to 
fine-grained; well-sorted; calC'areous cement. 

Sandstone: Muderate-o!'ange-pink (lUR 7/4); very finc 
to fine-grained; well-sOl'ted; composed of quartz sand; 
C<llCtll'f!OUS ('PITlcnt. 

UPPEH AND MIIJDLE ,TUHASSIC: 
C;Jrmel Formation: 

Sandstone: Grayish-orunge (lOYH 7 /4); meclium~ 
grained; well-sorted; compmwd of qUartz sand; cal
careous cement. 

Sandstone: Pale-red (JUH 6/2); fine-grained; fait'
sorted; composed of quartz sand; clay fragmentsj 
calca!'(~()uS cement. 

Sandstune: Ught-brown (5YR 0/4 to 5YH 5/0); Incdium
grained; wc~ll-sol'ted; composed of quat·tz sand; ('lay 
fl'agrnents and ('liert gl'unules; calcareous ceml'nt. 

Sandy siltstone: Moderate-brown (5YH 4/4 to 5YH 3/4); 
pebbles of flint and ehel't; ('ulC'uI'eous cement. 

Sandstone: Gr-ayish-omnge-piltk (5YR 7/2); fin(>
grained; well-sorted; compused of' qual'tz sand; cal
careous cement. 

I

ThiCk-1 Depth II IThick-IDepth 
ness (feet) ness (feet) 
(feet) (fee_t,,)_-,-I __ _ 
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ginous cement. 
Chinle Formation: 

Siltstone and Inudstone: Pale-red (5H 6/2); silt and 
clay; 1'a1'e henultite pellets; calcareous and argilla
ceous ce1l1ent. 

No samples. 
Siltstone: Pale-t'eddish-brown (JOR 5/4); fine-grained; 

silty; composed of blue-green quartz; rare mudstone 
fragments; 1'al'e aggregates; calcareous cement. 

No samples. 
21(-:lU I 

~O-~, 411- H, 85 

DO 

",,-.)02 

silty; fait'-sorted. 
Sandstone: Light-b)'own (5YR 6/4 to 5YH 5/6); very 

fine grained; silty; fair-sorted. 
Sandstone: Moderate-pink (5R 7/4); very fine grained; 

silty; fair-sorted. 

~0-6,!)II-I,11l 
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Sandy mudstone: Pale-reddish-brown (JOH 5/~); [,'ag
ments of c la vst one. 

Sandy n1udstm;e: Pale-reddish-brown (lOR 5/-i); frag
ments of claystone. 

Clayey rnudst~n(': Pale-reddish-brown (lUR 5/-±); cal
('al'eous ('ernent. 

Moenave Formation: 
Sandstone: Moderate-reddish-orange (lOH 6/6); \'ery 

fine to 111ediunl-grained; well-sorted; calcareous ('e
lnent. 

Sanclstone: MOderate-reddish-ol'ange (lOR 6/6); ver~
fine to D1edium-gl'ained; silty; well-sorted; calcar
eous C' en1ent. 

UPPEH THIASSIC: 
\\'ingate Sandstone: 

Lukachukai Member: 
Sandstone: Moderate-reddish-orange (lOR 6/6): very 

fine to finl'-graineri: silty; \vell-sortecl; calcal't'ous 
ce1Tlpnt. 

SCinclstone: Moclel'ate-Ol'<lnge-pink (5YR 8/-i); very 
finp to fine-grained; sllty; well-sortt'd: ('alcareous 
cement. 

Sandstone: Model'ate-reddish-orange (lOR 6/6); \"el'~
finc to fine-gl'ained; silty; well-soded; calcareous 
cement. 

Sandstone: Moderate-orange-pink (SYR 8/-i); \'ery 
fine: to fine-grained; silt?: well-sol'ted: calcal'l'ouS 
('Ec'll1ent. 

No samples. 
2T-:ill1 

~()-12, 25-16, 115 
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Sandstone: Gl'ayish-Ol'ange-pink (lOR 8/2); vPt'y fine 
to fine-gl'aillPu; well-sorted; composed of quartz 
sand; C'alca1'eous cen1ent. 

Sandstone: Moderate-orange-pink (lOl{ 7 /..J:): \"t'l':'" 

fine to finc-grained; wt'll-sorh_'d: t'01l1!JoscLi nf quartz 
sand; calt'<--trC"ous C't'l11ent. 

Sandstone: Modpl'atp-reddifOh-lH'ange (IOn n/G); Vl'l'~· 
fillt, to fine-grained; wl'll-snl'tecl; composed of qU~11'tZ 
sand; calcat'pous ('ement. 

Sandstone: Pale-red (lUH tj/2); vL'ry fille to fillf'
grained; well-sorted; l'omposed of qual·tz sand: \'~tl
l'areous l'l'tllC'Il\. 

Sandstolle: Grayish-pink (5R 8/2); \'l'ry fint' to fillt'
grained; well-sorted; comp(lsvd of quartz sand: l'~11-
careous l't'1l1pnt. 

Sandstonl': Gl'ayish-orange-pink (lOR 8/2); Vl'l'~· finl' 
to fitH'-gruined; wl'll-sol'tt'cl: l'0111POspd of quartz 
sand; L'alL'ul'P()uS cement. 

UPPEH THIASS1C("!): 
KaYl'n1u Fot'mation: 

'Silty l11Udstolll': GrL1,yish-l'l'd-put'ph' (5HP --!/'!.); l'nl
t'areous l'l'l11ent. 

2K-:10:l 
lJ-S, 2:)-12, 115 

20 

311 

so 

Bil 

IIlO 

('ait-at'PUUS ('el11t'nt. 
S"It<istllne: Light-bt'own (5YH U/~ to 5YH 5/6): fitH'

gl'ained; i'ait'-Hortl'd; composed of quartz sand: ('by
stOllP fl'agml'nts; calcareous l' t;'l11cnt. 

S~ndstone: Lighl-bt'oWll (5YH 6/4 tll 5YH 5/6); VC't'c' 
fine gl'ainl'd; Hilty: fair-sorted; l'0111POspd of qUi.lI'tz 
sand; claystonl' fragments; calcareous l'l'lnl~nt. 

Sandstone: light-brown (5YH G/4 to 5YH 5/6); fint'
grained; fair-sorted; l'Olllpospd of quartz sand; l'la~\'
stont' fl'ugml'nt R; ('uleal'pollH l' Pt1ll'nt. 

Sandstone: I ight-browll (5YH 6/4 10 5YH 5/61: [iIH'

grained; i'ait'-Hortpt\; t'ompost'd of quartz sand; cal
careous C'(-,ll1l'llt. 

Sandstone: I ighl-brown (f,'t"H (;/" to 5YH 5/UI; vet'c' 
fin!;' gl'ainl'd; fair-sol'ted; l'ompuscd of quartz sand; 
ealt'urpuus (' l'1llE'nt. 
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Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; composed of quartz sand; claystone! chert! 
and flint granules; calcareous cement. 

Silty claystone: Light-brown (5YR 6/4 to 5YR 5/6); 
composed of limestone; calcareous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); medium
grained; fair-sorted; composed of quartz sand; clay
stone fragments; calcareous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; fair-sorted; composed of quartz sand; clay
stone fragments; calcareous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; silty; fair-sorted; composed of quartz sand; 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Jliloderate-reddish-orange (lOR 6/6); very 
fine to medium-grainedj well-sorted; composed of 
quartz sand; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of quartz sand; 
calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to fine-grained; well-sorted; composed of quartz 
sand; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of quartz sand; 
calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to fine-grained; well-sorted; composed of quartz 
sand; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to Inedium-gl'ained; well-sorted; composed of 
quartz sand; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to fine-grained; well-sorted; composed of quartz 
sand; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to medium-grained; well-sorted; composed of quartz 
sand; calcareous cement. 

UPPER TRIASSIC(?): 
Kayenta Formation: 

Silty facies: 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to medium-grained; well-sorted; composed of quartz 
sand; fragments of grayish-red mudstone. 

Sandy siltstone: Moderate-reddish-orange (lOR 4/6); 
well-sorted; calcareous cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4): well 

J1:RASSIC AND TRIASSIC(?): 
:\avajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; well-sorted; calcareous ce
ment. 

Sandstone: Moderate-reddish-orange (JOR 6/6); very 
fine to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to medium-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; well-sorted; calcareous ce
ment. 

Sandstone: Moderate-reddish-orange (JOR 6/6); very 
fine to fine-grained; well-sorted; calcareous cement. 

Silty mudstone: Moderate-reddish-orange (JOR 6/6); 
calcareous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
medium-grained; silty; well-sorted; composed of 
calcareous quartz sand. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to fine-grained; well-sorted; composed of caI-
careous quartz sand. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of calcareous 
quartz sand. 

Sandstone: Light-brown (5YR 6/4); very fine to medium-

UPPER CRETACEOUS: 
Mancos Shale: 

Sandstone: Pale-brown (5YR 5/2); silty to very fine 
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Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; fair-sorted; composed of quartz sand; cal
careous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); very 
fine grained; silty; fair-sorted; composed of quartz 
sand; calcareous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; silty; fair-sorted; composed of quartz sand; 
calcareous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); very 
fine grained; silty; fair-sorted; composed of quartz 
sandj. calcareous cement. 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine
grained; fair-sortedj composed of quartz sand; cal
careous cement. 
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sorted; calcareous cement. 
Mudstone: Moderate-reddish-orange (lOR 4/6); well

sorted. 
Siltstone: Moderate-reddish-orange (lOR 4/6); well

sorted. 
Sandstone: Moderate-reddish-orange (lOR 4/6); very 

fine grained; well-sorted. 
Sandstone: Moderate-reddish-orange (lOR 4/6); very 

fine to fine-grained; well-sorted; calcareous ce
ment. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to medium-grained; well-sorted; fragments of fine 
white quartz sand and pale-reddish-brown (lOR 5/:') 
sand. 

Sandstone: Pale-reddish-brown (lOR 5/4); silty to 
very fine grained; well-sorted; calcareous cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
to medium-grained; well-sorted; fragments of silt
stone. 

Sandstone: Pale-reddish-brown (lOR 5/4); Silty to 
very fine grained; well-sorted; calcareous cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); well
sorted; calcareous cement. 

Sandstone and silty sandstone: Moderate-reddish
brown (lOR 5/4); very fine to fine-grained; silty; 
well-sorted; calcareous cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
to fine-grained; well-sorted; calcareous cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); silty to 
very fine grained; well-sorted; calcareous cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
medium-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to medium-grained; silty; well-sorted; calcare
ous cement. 

60 1 50 8 75 

Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine to medium-grained; silty; fair-sorted; calcare
ous cement. 

30 Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine to medium-grained; silty; fair-sorted; calcare
ous cement. 

90 UPPER TRIASSIC(?): 
Kayenta Formation: 

100 Silty mudstone: Moderate-reddish-orange (lOR 6/6); 
calcareous cement. 

130 Silty mudstone: Moderate-reddish-orange (lOR 6/6); 
fragments of very fine white sand, calcareous. 

150 Siltstone: Moderate-reddish-orange (lOR 6/6); cal-
careous cement. 

180 Siltstone: Moderate-reddish-orange (lOR 6/6); frag-
ments of mUdstone; calcareous cement. 

210 Silty mudstone: Pale-reddish-brown (lOR 5/4); frag-
ments of claystone. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
220 to fine-grained; well-sorted: calcareous cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); well-
270 sorted; calcareous cement. 

No samples. 
280 
3K-317 
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grained; silty; well-sorted; composed of calcareous 
quartz sand. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to medium-grained; well-sorted; composed of calcar-
eous quartz sand. 

Sandstone: Grayish-orange-pink (lOR 8/2); verv fine 
composed of cal~areous to fine-grained; well-sorted; 

sand. 
Sandstone: Grayish-orange-pink (lOR 8/2); very fine 

to medium-grained; well-sorted; composed of calcar-
eous quartz sand. 

25 

grained; poorly sorted; calcareous cement. 
Sandy siltstone: YellOWish-gray (5Y 8/1); calcul'eous 

cement. 
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Table 1. --Selected lithologic logs of we11~ in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 
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l'PPEH ,\~D LOWER CRETi\CEOl1S: 
lJakota ::'andstolll": 

Coal: Brownish-black (5YR 2/1). 
Sandy siltstone: Light-olive-gray (5Y 6/1); coal frag

Inents; calcareous cement. 
Coal: Dark-gray (N 3); silty; cakareous cement. 
Sandy siltstone: Medium-dark-gray (N 4); calcareous 

cement. 
l'PPER JURASSIC: 

Cow Springs Sandstone: 
Sandstone: Light-olive-gray (5Y 6/1); silty to very fine 

gl'ainl'd; poorly sorted; calcareous cement. 
l'PPER A::-ID MIDDLE JURASSIC: 

Entrada Sandstone and Carmel Forn1ation undifferentiated: 
Sandstone: Moderate-brown (5YR 4/4); silty to very 

fine gl'ained; poorly sorted; limestone fragments; 
calcareous cement. 

Sandstone: Yellowish-gray (5Y a/I); silty to very fine 
grained; fair-sorted; few fragments of gypsun1; cal
careous cen1ent. 

Sandstone: Yellowish-gray (5Y a/I); fine-grained; we11-

QU~'\TER::-IA.RY: 
~'\lluvium: 

Sand: Pale-reddish-brown (lOR 5/4); very fine to medi
um-grained; well-sorted; composed of quartz; calcar
eous c ernent. 

C-PPER T RIASSIC(? ): 
KaYC'nta Formation: 

T'ongue of Navajo Sandstone in Karenta Formation: 
Sandstone: Light-brown (5YR 6 4); very fine to fine

grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Moderate-orange-pink (5YR a/4); very fine 
to fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); lime
stone fragments. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; well-sorted; composed of quartz; cal-

Q1.J~'\TER::-IARY: 

:\lluvium and windblown sands: 
Sand: Moderate-orange-pink (5YR 8/4); very fine to 

coarse-grained; fair-sorted; composed of subrounded 
to angular, clear and frosted quartz; rare carbona
ceous material, rare red siltstone pellets, and rare 
dark accessory minerals; weakly cemented, calcare
ous. 

Sand: Moderate-orange-pink (5YR a/4); very fine to 
very coarse grained; poorly sorted; composed of sub
rounded to angular, clear and frosted quartz; chert 
and quartzite gravel; weakly cemented, calcareous. 

Sand: Light-brown (5YR 6/4); very fine to coarse
grained; silty; fair-sorted; composed of subrounded 
to angular, clear and frosted quartz; weakly cemented, 
calcareous. 

.rCRASSIC A::-ID TRIASSIC(?): 
~avajo Sandstone: 

Sandstone: Grayish-orange-pink (lOR a/2); very fine to 
fine-grained; silty; well-sorted; composed of sub
rounded to subangular, clear quartz; rare dark acces
sory minerals; weakly cemented, calcareous, 

Sandstone: Grayish-orange-pink (lOR a/2); very fine to 
medium-grained; silty; well-sorted; composed of sub
rounded to subangular, clear quartz; rare dark acces
sory minerals; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR a/4); very fine 
to medium-grained; silty; fair-sorted; composed of 
subrounded to subangular, clear quartz: weaklY ce-

QUATERNARY: 
Windblown sands: 

Sand: Grayish-orange (lOYR 7/4); very fine to coarse-
grained; poorly sorted; composed of subangular to 
rounded, frosted and stained quartz; common black 
accessory minerals; calcareous cement. 

.JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very pale orange (lOYR a/2); very fine to 
medium-grained; well- to fair-sorted; composed of 
frosted quartz; common black accessory minerals; 
silk eous cement. 

Sandstone: Very pale orange (lOYR a/2) to moderate-
orange-pink (5YR a/4); silt to medium-grained; fair 

77 3 1~-16 25 

sorted; gypsum, (alcareolls ( ement. 
Sandstone: YellOWIsh-gray (5Y a/I), SIlty to f1l1('-

10 30 grained; fair-sorted; calL'areous cement. 
Sandy siltstone: Pale-brown (5YR 5/2); calcareous 

10 40 cement. 
10 50 Sandstone: Yellowish-gray (5Y a/I); silty to fin8-

grained; fair-sorted; calcareous cement. 
10 60 Sandstone: Light-alive-gray (5Y 6/1); silty to fine-

grained; fair-sorted; calcareous cement. 
Sandstone: Yellowish-gray (5Y a/I); silty to medium-

grained; poorly sorted; calcareous cement. 
80 I 14011 Sandstone: Yellowish-gray (5Y a/1); silty to fine-
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10 

grained; fair-sorted; calcareous cement. 
Sandstone: Grayish-orange-pink (5YR 7/2); silty to 

very fine grained; poorly sorted; calcareous cemE.'nt, 
JURASSIC AND TRIASSIC(?): 

150 II Navajo Sandstone: 
Sandstone: Yellowish-gray (5Y a/1); fine-grained: 

fair-sorted; calcareous cement. 
250 II Sandstone: Very light gray (N a); medium-grained; 

well-sorted. 
3K-31a-2 
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careous cement, 
Sandstone: Moderate-orange-pink (lOR 7/4); very fine 

to fine-grained; well-sorted; composed of quartz; 
calcareous cement, 

Silty facies: 
Siity mudstone: Pale-red (5R 6/2); limestone fl'ag'

ments, 
Tongue of Navajo Sandstone in Kayenta Forn1ation: 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; well-sorted; composed of quartz; frag
ments of siltstone; calcareous cement, 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Moderate-orange-pink (5YR a/4); very fine 
to fine-grained; well-sorted; composed of quartz.: 
calcareous cement. 

Silty facies continued: 
Sandy siltstone: Pale-reddish-brown (lOR 5/4): cal

careous cement. 

77 -1. 65-3. 45 
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20 

30 

mented, calcareous. 
Sandstone: Moderate-orange-pink (5YR a/.j); ver"' fine 

to fine-grained; silty; well- to fair-sorted; composed 
of subrounded to subangular, clear quartz; weakly ce
mented, calcareous. 

Sandstone:. Moderate-orange-pink (5YR a/4); \'P1'Y finL' 
to medium-grained; silty; well- to fair-sol'ted: 1.'0111-

posed of subrounded to subangular, clear qual'tz_: 1':}1'f' 
dark accessory minerals; weakly cenlented, caiC'al'E'-
ous. 

Sandstone: Moderate-orange-pink (5YR 8/4); \,Pl'Y filll' 

to fine-grained; silty; well-sorted; composed of sub
rounded to subangular, clear quartz; rarE' dark ~H't't:·S
sory minerals; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); \'e1'y fim' 
to fine-grained; silty; well- to fuil'-sorted; cOlupost'd 
of subrounded to subangulal', clear and staillf'd quartz: 
rare dark accessory minerals; weakly cemC'lltpd, cal
careous, 

Sandstone: Moderate-orange-pink (5YR 8/4); vL'r"' fim' 
to fine-grained; silty; well- to fair-sortpd; I.'ompospd 

30 I 60 II of subrounded to subangular, dear and stainpd quartz; 
rare dark accessory minerals; weakly cenlentf'd, cal
careous. 

UPPER TRIASSIC(?): 
50 I 110 II Kayenta Formation: 

Siltstone and mudstone: Pale-red (lOR 6/2); silt and 
clay with some very fine grained sand; cai<:arcous 
and are:illac eOllS cement. 

Rare Metals Corp. 4 
77-7.95-5.70 

to poorly sorted; composed of subangulal' to sub-
rounded, frosted and stained quartz; common black 
accessory minerals; siliceous cement; calcareous 
cement in lower 10 feet. 

UPPER TRIASSIC(?): 
20 20 Kayenta Formation: 

Sandstone: Moderate-orange-pink (5YR a/4); silt to 
fine-grained; poorly sorted; composed of subangular 
to subrounded, frosted quartz; common black acces-
aory mineralsj calcareous cement. 

Sandy siltstone: Pale-red (lOR 6/2); very fine to 
190 210 medium-grained; silty; poorly sorted; composed of 

stained quartz; common mica; calcareous celuent. 
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QUATE.RNA.RY: 
Alluvium: 

Sand: Grayish-yellow (5Y 8/4): very fine to medium
grained; well-sorted; composed of subrounded to 
subangular, clear and stained quartz; rare dark 
accessory minerals; rare argillaceous material; 
weakly cemented, calcareous. 

UPPE.R AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation undifferentiated: 

Arenaceous siltstone: Grayish-red (lOR 4/2) and blu
ish-white (5B 9/1); silt to medium-grained sand; 
composed of rounded to subrounded, stained and clear 
quartz; rare dark accessory minerals; common argil
laceous material; weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to medi
um-grained; fair-sorted; composed of rounded to 
subrounded, clear and stained quartz; rare dark ac
cessory minerals; common argillaceous material; 
weakly cemented, calcareous. 

QUATERNARY: 
Windblown sands: 

Sand: Llght-brown (5YR 6/~); very fine to medium
grained; fair-sorted; composed of subrounded to 
subangular, frosted quartz; common dark accessory 
minerals; calcareous cement. 

UPPER CRETACEOUS: 
Mancos Shale: 

Arenaceous siltstone: Light-olive-gray (5Y 5/2), yel
lOWish-gray (5Y 7/2), and pale-yellowish-brown (lOYR 
6/2); silt and fine- to coarse-grained sand; poorly 
sorted; composed of subrounded to subangular, clear, 
stained, and frosted quartz; common mica; siltstone 
is bentonitic; calcareous cement. 

FPPER .~ND LOWER CRETACEOUS: 
Dakota Sandstone: 

Arenaceous siltstone: Olive-gray (5Y 4/1); same as 
siltstone from 10 to 80 feet but contains abundant coal 
fragments and pyrite. 

UPPER JURASSIC: 
Cow Springs Sandstone: 

Sandstone: Pale-yellowish-brown (lOYR 6/2) to light
gray (N 7); fine- to medium-grained; silty; poorly 
sorted; composed of subrounded to subangular, frosted 
quartz; rare to abundant mica; rare coal and carbon
ized plant remains; common red and light-green clay
stone fragments. 

QUATERNARY: 
Windblown sands: 

Sand: Moderate-orange-pink (5YR 8/4): very fine to 
medium-grained; fair- sorted; composed of subrounded 
to subangular, stained and frosted quartz; rare dark 
accessory minerals; rare altered grains of feldspar; 
calcareous cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very pale orange (lOR 8/2); very fine to 
medium-grained; well- to fair-sorted; composed of 
rounded to subangular, frosted quartz; rare dark ac-
cesso.:r.yminerals; siHceous cement. 

QUATERNARY: 
Alluvium and volcanic rocks: 

Sand: Pale-red (lOR 6/2); medium to very coarse 
grained; poorly sorted; fragments of limestone and 
siltstone. 

Sand: Pale-red (lOR 6/2): medium to very coarse 
grained; poorly sorted; fragments of limestone, silt-
stone, basaltic lava, and jasper. . 

Sand: Light-gray (N 7); medium to very coarse grained: 
poorly sorted; fragments of limestone, siltstone, ba
saltic lava, and jasper. 

Sandy siltstone: Light-brownish-gray (5YR 6/1); poorly 
sorted; composed of quartz; fragments of limestone 
and basaltic lava; calcareous cement. 

Sandy siltstone: Light-brownish-gray (5YR 6/1); poorly 
sorted; calcareous cement. 

Sand: Grayish-orange-pink (lOR 8/2); fine- to medium
grained; fair-sorted; fragments of basaltic lava; cal
careous cement. 

Sand: Moderate-orange-pink (lOR 7/4); fine- to medi
um-grained; poorly sorted; fragments of basaltic lava. 

Sand: Brownish-gray (5YR 4/1); fine- to medium
grained; poorly sorted; fragments of basaltic lava. 

Volcanic ash: Medium-dark-gray (N 4): poorly sorted: 
fragments of basaltic lava. 

Volcanic ash: Medium-light-gray (N 6); very fine to 
fine- grained; fair - sorted. 

Volcanic ash: Medium-light-gray (N 6); very fine to 
medium-grained; fair-sorted. 
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3K-320 
96-10 5-10 95 

JURASSIC AND T.RIASSIC(?): 
Navajo Sandstone: 

Sandstone: Light-greenish-gray (5GY 8/ I): very fine 
to medium~grained; well-sorted; composed of 
rounded to subrounded, clear quartz; rare dark ac
cessory minerals; weakly cemented, calcareous. 

50 Sandstone: White (N 9); very fine to medium-grained; 
well-sorted; composed of rounded to subrounded, 
clear quartz; rare dark accessory minerals; weakly 
cemented, calcareous. 

UPPER TRIASSIC(?): 
Kayenta Formation(?): 

Arenaceous siltstone: Reddish-brown (lOR 4/4); silt 
60 to medium-grained sand; composed of rounded to 

subrounded, stained quartz; rare mica and dark 
accessory minerals; rare argillaceous material; 
weakly cemented, calcareous. 

No samples. 
130 
3K-332 

fJ6-9.60-4.35 

UPPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation undifferentiated: 

Sandstone: Yellowish-gray (5Y 7/2); very fine to medi
um-grained; fair-sorted; composed of subrounded to 
subangular, frosted quartz; rare green and common 

10 amber and dark accessory minerals; rare biotite and 

220 

140 

10 
2 

pyrite; weakly cemented, calcareous. 40 
Sandstone: Yellowish-gray (5Y 7/2) to grayish-orange

pink (5YR 7/2); silt to medium-grained, rare coarse
grained; fair to poorly sorted; composed of frosted 
quartz; common amber accessory minerals; rare 
mica and pyrite; calcareous cement. 160 

Arenaceous siltstone: Light-brown (5YR 6/4); silt and 
80 fine- to medium-grained sand; poorly sorted; com

posed of subrounded to subangular quartz; mica ac-
cessory mineral; calcareous cement. 30 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

150 Sandstone: Pale-orange-brown (lOYR 7/2); fine- to 
medium-grained; well- to fair-sorted; composed of 
subrounded to subangular, frosted quartz; rare py-
rite; rare micaceous white claystone fragments; \ 
siliceous and calcareous cement. 250 

Sandstone: White (N 9); fine- to medium-grained; 
fair-sorted; composed of subrounded to subangular, 
frosted quartz; rare stained quartz; rare dark acces-

300 sory minerals; calcareous cement. 80 
No samples. 6 

3K-326 
97-12.00-0.50 

Sandstone: Yellowish-gray (5Y 8/1); medium-grained; 
well-sorted; composed of rounded to subrounded, 
frosted quartz; rare dark and amber accessory 
minerals; silic eous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
medium- grained; well- to fair-sorted; composed of 

50 subrounded to subangular, frosted quartz; rare dark 
and amber accessory minerals; siliceous cement. 

Silty sandstone: Grayish-orange-pink (lOR 8/2); silt 
to medium-grained; poorly sorted; composed of 
frosted quartz; some whitish-green spots; calc are-
ous cement. 

80 
-3T 314 

118-6 70-2 85 
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60 

70 

80 

90 

100 

120 

130 

140 

Volcanic ash: Medium-light-gray (N 6); very fine to 
fine-grained; fair-sorted. 

Volcanic ash: Light-brownish-gray (5YR 6/1); very 
fine to fine-grained; fair-sorted; fragments of ba
salt. 

Sandy siltstone: Pale-red (lOR 6/2); fair-sorted; 
fragments of basaltic lava. 

Sandy siltstone: Pale-red (lOR 6/2); fair-sorted. 
Sand: Grayish-orange-pink (lOR 8/2); fine- to coarse

grained; poorly sorted; fragments of volcanic ash. 
Sand: Moderate-reddish-orange (lOR 6/6); fine- to 

coarse-grained; poorly sorted; fragments of lime
stone and ash. 

Sand: Light-brown (5YR 6/~); fine- to coarse-grained; 
poorly sorted; fragments of limestone and ash. 

Sand: Light-brown (5YR 6/4); fine- to coarse-grained; 
poorly sorted; fragments of limestone, ash, and ba
saltic lava. 

Sand: Grayish-orange-pink (5YH 7/2): fine to very 
coarse grained; poorly sorted; fragments of ash 
and basaltic lava; calcareous cement. 

Sand: Grayish-arange-pink (5YR 7/2); very fine to 
very coarse grained; poorly sorted; composed of 
quartz; fragments of ash and basaltic lava; cakare
ous cement. 

No samples. 

10 

250 

8 

10 

20 

10 
10 

20 

10 

10 

10 

10 

20 
30 

350 

480 

500 
502 

340 

500 

5~(J 

780 

860 
866 

80 

3~0 

3-18 

150 

170 

180 
1 ~lO 

210 

220 

230 

2~0 

250 

270 
300 

1~ 



Table 1. --Selected lithologic logs of wells in the Navajo and Hopllndian Reservations, Arizona, New Mexico, and Utah-Continued 

l~t1:\TEHNAHY: 
:\lluviuln: 

~ilty sand: Light-bl'own (5YR 6/4); very fine to medi
um-grained; poorly sorted; composed of quartz; cal
careous cement. 

Sand: Pale-yellowish-bl'own (10YR 6/2); very fine to 
medium-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

t:PPER CRETACEOUS: 
\\' ppo FOl'TI1ation: 

Sandstone: Pinkish-gray (5YR 8/1); very fine to coarse
grained; silty; poorly sorted; composed of quartz; 
t'l'ugments of coal; calcareous cement. 

Torc\·a Formation: 
Sanrlstone: Mediuln-light-gray (N 6); very fine to very 

coarse grained; silty; poorly sorted; composed of 
~uartz; calcareous cement. 

VPI'EH CRETACEOUS: 
\\ epo Formation: 

Silty mudstone: Yellowish-gray (5Y 8/1); calcareous 
cement. 

Silty mudstone: Yellowish-gray (5Y 8/0; fragments of 
claystone; calcareous cement. 

Silty'mudstone: Yellowish-gray (5Y 8/1); fragments of 
claystone and limestone; calcareous cement. 

Siltstone and mudstone: Yellowish-gray (5Y 8/1) to 
medium-gray (N 5); coal; calcareous cement. 

Sundy siltstone: Yellowish-gray (5Y 8/1); fragments of 
coal. 

Coal: Black (N 1), 
Sandy siltstone: Medium-dark-gray (N 4); coal; water, 
Siltstone: Very light gray (N 8); calcareous cement. 
Siltstone: Very light gray (N 8); fragments of coal; 

calcareous cement. 
Silty coal: Dark-gray (N 3). 
Siltstone: Medium-light-gray (N 6); sandy; muddy; 

coal. 
Sandy siltstone: Medium-gray (N 5); abundant coal; 

calcareous cement. 
Sandstone: Very light gray (N 8); silt to very fine 

grained; poorly sorted; calcareous cement. 
Siltstone: Medium-gray (N 5); coal; calcareous ce

ment. 
Sandstone: Very light gray (N 8); silt to very fine 

grained; poorly sorted; calcareous cement. 
Sandy silty mudstone: Medium-light-gray (N 6); coal; 

calcareous cement. 

QUATERNARY: 
Alluvium: 

Sand: Pale-yellowish-brown (10YR 6/2); very fine to 
medium-grained; silty; fair-sorted; composed of 
quartz; calcareous cement. 

UPPER CRETACEOUS: 
'v\- (~PO Formation: 

Nu samples. 
Sandy siltstone: Light-olive-gray (5Y 6/0; calcareous 

cement. 
Sandstone: Very light gray (N 8); very fine grained; 

silty; well-sorted; composed of quartz; calcareous 
cement. 

qUATERNAHY: 
Alluviunl: 

Sand: Pale-yellowish-brown (lOYR 6/2) to moderate
yellowish-brown (iOYR 5/4); very fine to medium
grained; silty; fair to poorly sorted; composed of 
fiubrounded to angular, clear quartz; rare carbona
Cl'OllS material; rare mica and siltstone fragments; 
weakly cemented, calcareous and argillaceous. 

Ul'l'EH ,)uHASSIC: 
MorriHon Formation: 

Sandstone: Pale-yellowish-brown (lOYR 6/2) to light
brown (5YR 6/4); fine- to coarse-grained; poorly 
Horted; composed of subrounded to angular, clear and 
frosted quartz; rare dark accessory minerals; rare 
argillaceous material; rare mudstone and siltstone 
fragments; weakly cemented, calcareous and argilla
ceous, 

Sandstone: Pale-yellowish-brown (lOYR 6/2); fine- to 
coarse-grained; silty; poorly sorted; composed of 
subrounded to angUlar, clear and frosted quartz; rare 
to absent limonite accessory mineral; rare mudstone 
and siltstone fragments; weakly cemented, calcareous 
and argillaceous. 

Sandstone: Pa1e-yellowish-brown (lOYR 6/2); fine- to 
coarse-grained; silty; poorly sorted; composed of 
s\lbrounded to angular, clear and frosted quartz; com-

Sandy siltstone: Medium-light-gray (N 6); fl'agm{'nts 
of coal; calcareous cement. 

Sandstone: MediUln-gnlY (N 5); very fine to V{'J',v 
coarse grained; silty; poorly sorted; cornposed of 

20 20 II quartz; biotite; calcareous cement. 
Sandstone: Light-alive-gray (5Y 6/1); vel'y fint' to 

medium-grained; silty; poorly sOl'ted; cumposed of 
30 I 50 II quartz; fragments of biotite and coal; {'<llcUl'('(JUS 

cement. 
Sandstone: Medium-light-gmy (N 6); VI'I'y ril\(' to 

coarse-grained; silty; poorly sorted; {'on1p()s(·d of 
quartz; biotite; calcareous cement. 

30 I 8011 Sandstone: Light-gray (N 7); very fine to rnediu1J1-
grained; silty; fail'-sorted; composed of CjuaJ'tz; 
calcareous cement. 

No samples. 
20 I 100 
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510 

Sandstone: Light-gray (N 7); very fine to fillt'-gl'allWd; 
silty; poorly sorted; composed of quartz; calcal'l'ous 
cement; water. 

Sandstone: Medium-light-gl'ay (N 6); very fint' gl'aint,ci; 
silty; poorly sorted; mudstone fragments; l',-ll('Cl.t'Pous 
cement. 

Silty mudstone: Medium-light-gray (;"\ 6); ,'ulcal'Pous 
cement. 

Silty mudstone: Medium-light-gray (N 0); calcareuus 
cement. 

Sandy siltstone: Light-gray (N 7); cakareous ('l'lllenl. 
Toreva Formation: 

Sandstone: Light-gray (N 7); very fine to coarse
grained; silty; poorly sorted; composed ()f quartz; 
calcareous cement. 

Sandstone: Medium-light-gray (N 6); Vel'} fine to 
medium-grained; silty; poorly sorted; l'omposed of 
quartz; calcareous cement. 

Sandstone: Medium-light-gray (N 6); vel'y fine to 
medium-grained; silty; poorly sOl'ted; composed of 
quartz' coal' calcareous cement' wah'l' 

Silty co~l: M~dium-dal'k-gray (1'; (ll, ' 
Sandy siltstone: Medium-gray (N 5); l'akareous l'l'

ment; water. 
Sandy siltstone: Medium-gray (N 5); ('oal; calt-at'pollS 

cement. 
Mudstone: Medium-gray (N 5); fragments of vla:\,slo11e; 

calcareous cement. 
Silty mudstone: Medium-gray (1': 5); fl'agnlf'nts of ('oul 

and claystone; calcareous cement. 
Mission well 

56-7,35-15,15 

Sandy siltstone: Light-gray (N 7); calcal'eous l'l'tnl'nt, 
Sandstone: Light-gray (N 7); vel'Y fint' gl'ained; silt"'; 

fair-sorted; composed of quartz; calcal'eous lTIlH'nt. 
Sandy silty mudstone: Medium-dark-gl'ay (N 4): ",11-

30 II careous cement, 
Sandstone: Very light gray (N 8); very fitH' to llH'dium

grained; silty; poorly sorted; composed of qual'tz: 
gO II calcareous cement. 

Silty mudstone: Medium-dark-gray (N 4); cakal'eous 
100 cement. 

140 

Sandy siltstone: Dark-gl'ay (N 3) to light-gl'ay (N 7); 
calcareous cement. 

4R~38B 
72-10,35-5,35 

110 

120 

150 

Sandstone: Grayish-orange-pink (5YR 7/2); '"PI"';' rinl' 
to'medium-grained; silty; pool'ly sortpd; l'omposl'd 
of subrounded to angular, cleal' quartz; l',:u'l'dal'k 
accessory minerals; rare blue-grt:'PI1 and \'l'ddish
brown mudstone fragments; weakly l'l'l1H.'nted: val
careous and argillaceous. 

Sandstone: Light-gl'l'enish-gl'ay (5GY S/I); Vl'l') fill<' 
to medium-grained; silty; poorly .sol'h'd; ('onl.pl):::H'd 
of subrounded to subangulal', clear quartz; l';ll'l'dlll'1\. 

accessory minerals; rare reddish-brown muds! one 
fragments; weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 0/2) to grayish-l'l'tl (WI{ 
4/2)j very fine to fine-grained; silty; pool'ly SOl'tl'ti; 
composed of subrounded to subangulal', l'!t'ar quartz; 
rare blue-green and reddish-brown 111udstOllt' frag
ments; weakly cemented, calcareous and argilla
ceous. 

Sandstone: Very light gray (N 8); very fine to fine
grained; silty; fair to poorly sorted; composed of 
Bubrounded to subangular, clear quartz; rare mud
stone fragments; weakly cemented, siliceous, l'al
careous, and argillaceous. 

Cow Springs Sandstone: 
Sandstone: Yellowish-gray (5Y 8/0 and light-gn't'nish

gray (5GY 8/0; very fine to fine-grained; silty; fair 
to poorly sorted; composed of subrounded to sub-
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mon to absent blue-green and grayish-red-purple (5RP 
4/2) siltstone and mudstone fragments; weakly ce
mented, calcareous and argillaceous. 

Sandstone: Gra,Yish-orange-pink (5YR 7/2) to pale
brown (5YR 5/2); very fine to medium-grained; silty; 
poorly sorted; composed of subrounded to angular, 
clear quartz; rare dark accessory minerals; rare 
mudstone and siltstone fragments; weakly cemented, 
calcareous and argillaceous. 

QUATERNARY: 
Alluvium: 

Silty sand: Pale-yellowish-brown (lOYR 6/2); very fine 
to coarse-grained; silty; poorly sorted; composed of 
subrounded to angular, clear quartz; rare argillaceous 
material; weakly cemented, calcareous. 

Silty sand: Pale-yellowish-brown (lOYR 6/2); very fine 
to medium-grained; silty; fair-sorted; composed of 
subrounded to angular, clear quartz; rare argillaceous 
material; weakly cemented, calcareous. 

Sand: Moderate-yellowish-brown (lOYR 5/4); fine- to 
coarse-grained; poorly sorted; composed of sub
rounded to angular, clear, frosted, and amber quartz; 
rare argillaceous material; rare to common mudstone 
and siltstone fragments; weakly cemented, calcareous. 

Sand: Moderate-yellowish-brown (10YR 5/4); fine- to 
coarse-grained; poorly sorted; composed of sub
rounded to angUlar, clear, frosted, and amber quartz; 
rare mica accessory mineral; rare argillaceous mate
rial; rare to common mudstone and siltstone frag
ments; seep zone; weakly cemented 1 calcareous. 

Silt: Pale-yellowish-brown (lOYR 6/2); silt and fine
grained quartz; rare gypsum accessory mineral; rare 
mudstone fragments; weakly cemented, calcareous 
and argillaceous. 

UPPER CRETACEOUS: 
Mancos Shale: 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; rare mica and limonite accessory mineralS; 
weakly cemented, calcareous and argillaceous. 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; rare mica, limonite, and gypsum accessory 
minerals; weakly cemented, calcareous and argilla
ceous. 

Mudstone: Medium-light-gray (N 6); clay; rare limo
nite, rare to absent pyrite, and common to absent 
gypsum accessory minerals; weakly cemented, cal
careouS and argillaceous. 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; weakly cemented, calcareous and argilla
ceous, 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; fine-grained quartz sand; weakly cemented, 
calcareous and argillaceous. 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; weakly cemented, calcareous and argilla
ceous, 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; rare pyrite and gypsum accessory minerals; 
weakly cemented, calcareous and argillaceous. 

Mudstone and siltstone: Medium-light-gray (N 6); clay 
and silt; fine-grained quartz; calcareous and argilla
ceous cement. 

Arenaceous siltstone: Medium-light-gray (N 6); silt and 
very fine grained quartz; rare coal fragments; weakly 
cemented, calcareous. 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Arenaceous siltstone and mudstone: Medium-light-gray 
(N 6); silt and clay; very fine to fine-grained quartz; 
rare coal fragments; weakly cemented, calcareous 
and ar gillac e ous . 

Coal: Black (N 1); some fine- to medium-grained sand, 
poorly sorted; composed of subrounded to angUlar, 
clear quartz; rare pyrite accessory mineral; rare 
mudstone fragments; quartz grains are weakly ce~ 
mented, calcareous; water-bearing. 

Sandstone: Very li~ht gray (N 8)' fine- to medium-

QUATERNARY: 
Alluvium: 

Sand: Moderate-yellowish-brown (10YR 5/4); fine- to 
medium-grained; fair-sorted. 

Sand: Moderate-yellowish-brown (lOYR 5/4); very fine 
to medium-grained; fair-sorted. 

Sand: Moderate-yellowish-brown (10YR 5/4); very fine 
to medium-grained; fair-sorted; composed of quartz; 
basalt fragments; calcareous cement. 

Sand: Moderate-yellowish-brown (lOYR 5/4); very fine 
to very coarse grained; poorly sorted; composed of 
quartz; basalt fragments; calcareous cement. 

UPPER CRETACEOUS: 
Mancos Shale: 

Sandy mudstone: Yellowish-gray (5Y 7/2); limonite 
fragments. 

Sandy mUdstone: Yellowish-gray (5Y 7/2); quartz and 

angular, clear quartz; rare mudstone fragments; 
weakly cemented, calcareous and argillaceous. 

20 170 Sandstone: Pinkish-gray (5YR 8/1); very fine to 
medium- grained; silty; fair to poorly sorted; c om
posed of subrounded to angUlar, clear and frosted 
quartz; rare dark accessory minerals; rare argilla
ceous material; rare mudstone pellets; weakly ce
mented, calcareous and argillaceous. 

20 190 No samples. 
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grained; poorly sorted; composed of subrounded to 
angular, clear quartz; rare mica accessory mineral; 
rare coal and mudstone fragments; calcareous cement. 

UPPER JURASSIC: 
Morrison Formation: 

10 Westwater Canyon Member: 
Silty sandstone: Very light gray (N 8) to light-green

ish-gray (5GY 8/1); silt to medium-grained sand; 
fair- to poor-sorted; composed of subrounded to 

50 angular, clear quartz; rare mudstone fragments; 
weakly cemented, calcareous. 

Silty sandstone: Very light gray (N 8 Ho light-green
ish-gray (5GY 8/1); silt to medium-grained sand; 
fair- to poor-sorted; composed of subrounded to 

70 angular, clear quartz; common reddish-brown and 
blue-green mudstone fragments; weakly cemented, 
calcareous. 

Sandstone: Very light gray (N 8) to light-greenish-gray 
(5GY 8/1); very fine to fine-grained; silty; poorly 
sorted; composed of subrounded to subangular, clear 

90 quartz; rare blue- green mudstone fragments; weakly 
cemented, calcareous. 

Recapture Shale Member: 
Mudstone: Pale-brown (5YR 5/2); silt and clay; com-

130 mon blue-green mudstone fragments; calcareous ce
ment. 

Mudstone: Pale-brown (5YR 5/2); silt and clay; cal
careous cement. 

Arenaceous siltstone: Grayish-orange-pink (5YR 7/2); 
140 silt and very fine to medium-grained sand; composed 

of subrounded to subangular, clear quartz; rare red
dish-brown and blu~-green mudstone(?) fragments; 
weakly cemented, calcareous. 

150 Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 
medium- grained; poorly sorted; composed of sub
rounded to angUlar, clear and stained quartz; com
mon reddish-brown and blue-green mudstone frag-

170 ments; calcareous cement. 
Arenaceous siltstone: Grayish-orange-pink (5YR 7/2); 

silt and very fine to medium-grained sand; composed 
360 of subrounded to subangular, clear quartz; rare red

dish-brown and blue-green mudstone fragments; 
weakly cemented, calcareous. 

370 Cow Springs Sandstone: 
Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 

medium-grained; silty; fair to poorly sorted; com-
420 posed of subrounded to angular, clear quartz; rare 

mica accessory mineral; common reddish-brown 
mudstone fragments; weakly cemented, calcareous. 

460 Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 
medium-grained; fair to poorly sorted; composed of 
subrounded to angUlar, clear quartz; rare pyrite and 

480 mica accessory minerals; common reddish-brown 
and rare blue-green mudstone fragments; weakly 
cemented, calcareous. 

510 Sandstone: Grayish-orange-pink (5YR 7/2); fine-
grained; fair to poorly sorted; composed of sub
rounded to angUlar, clear quartz; rare pyrite and 
mica accessory minerals; rare mudstone fragments; 
weakly cemented, calcareous. 

No samples. 
520 Sandstone: Yellowish-gray (5Y 7/2); fine- to medium-

grained; well-sorted; composed of subrounded to 
subangular, clear quartz; common reddish-brown 
and blue-green mudstone fragments; weakly ce
mented, calcareous. 

530 No samples. 

4K-379 
73-3.70-6.25 

20 

30 

40 

90 

110 

limonite fragments; calcareous cement. 
Sandy mudstone: Medium-gray (N 5); limonite acces

sory mineral; calcareous cement. 
Sandy mudstone: Medium-gray (N 5); limonite and 

gypsum accessory minerals; calcareous cement. 
Mudstone: Greenish-gray (5GY 6/1); pyrite, gypsum, 

limonite, and quartz fragments; calcareous cement. 
Silty mudstone: Light-olive-gray (5Y 6/1); limonite 

accessory mineral; calcareous cement. 
Silty sandy mudstone: Light-olive-gray (5Y 6/1); cal

careous cement. 
Sandy siltstone: Light-olive-gray (5Y 6/1); gypsum 

accesso:r;y mineral; calcareous cement. 
Sandy siltstone: Light-olive-gray (5Y 6/1); calcareous 

cement. 
Sandy siltstone: Light-olive-gray (5Y 6/1); pyrite ac

cessory mineral; calcareous cement. 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian ReeervaUons, Ar1zolllll, New Me.w:o, IUId Uteb-Contlm1ed 

Silty mudstone: Dark-gray (N 3). 
Sandstone: Light-gray (N 7); very fine to medium

grained; silty; fair-sorted; pyrite accessory mineral; 
calcareous cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; fair-sorted; pyrite and gypsum acces
sorv minerals; calcareous cement. 

UPPEf{ AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Sandstone: Light-gray (N 7); very fine to coarse
grained; silty; poorly sorted; calcareous cement. 

Sandstone: Light-olive-gray (5Y 5/1); very fine to 
cuarse-grained; silty; poorly sorted; calcareous 
cement. 

Sandstone: Light-olive-gray (5Y 5/1); very fine to 
coarse-grained; silty; fair-sorted; glPsum accessory 
mineral; light-brownish-gray (5YR 6 1) silty sand
stone; calcareous cenlent. 

Silty sandstone and mudstone: Sandstone l light-olive
gray (5Y 5/1), very fine to medium-grained, silty; 
gypsum accessory mineral; medium-gray (N 5) mud
stone; calcareous cement. 

QUATERNARY: 
Alluvium: 

Silt: Pale-yellowish-brown (lOYR 6/2); calcareous ce
ment. 

Sandy silt: Pale-yellowish-brown (lOYR 6/2); coal frag
ments; calcareous cerllent. 

Sand: Pale-yellowish-brown (lOYR 6/2); very fine to 
very coarse grained; silty; composed of quartz; frag
ments of chert and claystone; calcareous cement. 

Sandy silt: Pale-yellowish-brown (10YR 6/2); fragments 
of chert and claystone; calcareous cement. 

UPPER CRETACEOUS: 
Mane os Shale: 

Silty mudstone: Medium-gray (N 5); claystone frag
ments; calcareous cement. 

Mudstone and claystone: Medium-dark-gray (N 4); cal
careous cement. 

Mudstone and claystone: Medium-gray (N 5); silty; cal
careous cement. 

Silty mudstone: Medium-dark-grav (N 4); claystone; 

UPPER CRETACEOUS: 
\Vepo Formation: 

Silty sandstone: Yellowish-gray (5Y 7/2); silt to coarse
grained sand; poorly sorted; composed of subrounded 
to angular J clear quartz; rare dark accessory miner
als; rare to absent siltstone fragments; weakly ce
mented J calcareous. 

Siltstone: Light-olive-gray (5Y 6/1); silt and very fine 
to coarse-grained quartz; common coal and argilla
ceous material; weakly cementedJ calcareous and 
argillaceous. 

Silty sandstone: Yellowish-gray (5Y 7/2); silt to fine
grained sand; poorly sorted; composed of subrounded 
to angularJ clear quartz; common mica accessory 
mineral; rare carbonaceous material and siltstone 
fragments; weakly cemented J calcareous. 

No samples. 
Silty sandstone: Grayish-orange-pink (5YR 7/2); silt to 

fine-grained sand; poorly sorted; composed of sub
rounded to angularJ clear quartz; common mica acces
sory mineral; rare carbonaceous material and silt
stone fragments; weakly cementedJ calcareous. 

Toreva Formation: 
Silty sandstone: Grayish-orange-pink (5YR 7/2); silt to 

very coarse grained sand; poorly sorted; composed of 
subrounded to angularJ clear quartz; common mica 
accessory mineral; rare carbonaceous material and 
siltstone fragments; weakly cemented, calcareous. 

No samples. 
Arenaceous siltstone: Light-olive-gray (5Y 6/1); silt 

and very fine to very coarse grained sand; poorly 
sorted; composed of subangular to angular, clear 
quartz; rare to absent mica accessory mineral; abun .. 
dant carbonaceous material; argillaceous cement. 

No samples. 
Arenaceous siltstone: Light-gray (N 7); silt and very 

fine to very coarSe grained sand; poorly sorted; oom
posed of quartz; rare mica accessory mineral; cam
mon carbonaceous material; argillaceous cement. 

Silty sandstone: Light-gray (N 7); silt to medium
grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; common mica accessory 
mineral; rare to absent carbonaceous material and 
siltstone and mudstone pellets; weakly cemented, 
calcareous. 

Arenaceous siltstone: Medium-gray (N 5); silt and fine
to coarse-grained quartz; poorly sorted; abundant 
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260 II Sandstone: Very light gray (N 8); very fine to medium-
grained; silty; fair-sorted; gypsum accessory miner
al; medium-gray (N 5) mudstone fragments. 

270 II UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon Member: 
300 II Silty mudstone: Pale-brown (5YR 4/2); gypsum acces-

sory mineral; claystone fragments; calcareous ce
ment. 

Sandstone: Very light gray (N 8); very fine to fine-
310 II grained; well-sorted. 

Silty mudstone: Pale-brown (5YR 4/2); gypsum acces
sory mineral; claystone fragments; calcareous ce-

320 II ment. 
Cow Springs Sandstone: 

Sandstone: Very light gray (N 8); very fine to fine
grained; well-sorted; composed of quartz; calcare-

330 II ous cement. 

350 

Sandstone: Very light gray (N 8); very fine to fine
grained; composed of quartz; claystone fragments; 
calcareous cement. 

4K-381 
73-5.35-3.25 

calcareous cement. 
Silty mudstone: Medium-gray (N 5); claystone; cal

careous cement. 
40 II Silty mudstone: Dark-gray (N 3); claystone; calcare-

ous cement. 
60 Sandy siltstone and mudstone: Dark-gray (N 3); pyrite; 

calcareous cement. 
Sandstone: Very light gray (N 8); very fine to coarse-

70 II grained; silty; poorly sorted; fragments of silty 
mudstone. 

90 UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Sandstone: Very light gray (N 8); very fine to fine
grained; silty; poorly sorted. 

200 Sandstone: Very light gray (N 8); very fine to coarse-
grained; poorly sorted; fragments of claystone. 

270 Sandstone: Yellowish-gray (5Y 8/1); fine- to medium-
grained; well-sorted. 

290 Sandy siltstone: Light-brownish-gray (5YR 6/1); bio-
tite flakes; calcareous cement. 

4T-385 
73-11.00-15.90 

coal; weakly cementedJ calcareous and argillaceous. 
No samples. 
Silty sandstone: Light-gray (N 7); silt to coarse

grained sand; poorly sorted; composed of subangular 
to angularJ clear quartz; common mica accessory 
mineral; common carbonaceous material; weakly 

30 II cemented. calcareous and argillaceous. 
Siltstone: Light-gray (N 7); silt; common carbona

ceous material; rare mudstone fragments; weakly 
cemented J calcareous. 

40 II No samples. 
Siltstone: Light-gray (N 7); silt and very fine grained 

quartz; rare mica accessory mineral; comn10n 111Ud
stone fragments; weakly cemented~ calcareous and 
argillaceous. 

50 II Silty sandstone: Light-gray (N 7); very fine to fine-
60 grained; poorly sorted; composed of subrounded to 

subangular, clear quartz; common mica accessory 
mineral; rare to absent carbonaceous material; rare 
mudstone fragments; weakly cemented, calcareous. 

Mancos Shale: 
90" No samples. 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; firmly cemented, calcareous and argilla
ceOUS •. 

Siltstone: Medium-light-gray (N 6); silt and very fine 
grained quartz; rare mudstone fragments; calcare-

140 II ous·cement. 
150 UPPER AND LOWER CRETACEOUS: 

Dakota' Sandstone: 
Sandstone: Light-gray (N 7); fine- to medium-grained; 

well-sorted; composed of sUbangular to angUlar. 
clear quartz; rare to common pyrite and rare mica 

180 II accessory minerals; rare to common calcite crys-
200 \I tals; common siltstone and mudstone fragments; cal

careous cement. 
Siltstone and mUdstone: Medium-gray (N 5); silt, clay, 

and very fine to fine-grained quartz; rare to absent 
21011 pyrite accessory mineral; rare to absent carbona

ceous material; calcareous cement. 
Silty sandstone: Light-gray (N 7); silt to medium

grained sand; fair-sorted; composed of subangular 
to angular, clear quartz; rare to absent pyrite acces
sory mineral; rare carbonaceous material and silt-

260 \I stone and mudstone fragments; calcareous cement. 
No samples. 
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UPPER CRETACEOUS: 
Wepo Formation: 

Sandstone: Yellowish-gray (5Y 8/1); very fine grained; 
silty; well-sorted. 

Silty claystone: Light-olive-gray (5Y 6/0. 
Tareva Formation: 

Sandstone: Light-olive-gray (5Y 6/1); very fine grained; 
silty; fair-sorted. 

Clayey siltstone: Light-olive-gray (5Y 6/1). 
Clayey siltstone: Lightcolive-gray (5Y 6/1); carbona-

ceous material. 
Sandstone: Light-olive-gray (5Y 6/1); fine-grained; 

poorly sorted; siltstone. 
Sandstone: Light-gray (N 7); fine~rained; carbona-

UPPER CRETACEOUS: 
Wepo Formation: 

Sandstone: Grayish-orange (10YR 7/4); very fine to 
medium-grained; silty; fair-sorted; fragments of 
basaltic(?) lava. 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
medium-grained; silty; fair-sorted; fragments of 
mudstone and basaltic(?) lava; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to medi
um-grained; silty; fair-sorted; fragments of mudstone 
and basaltic{?) lava; calcareous cement. 

Tareva Formation: 
Sandstone: Light-gray (N 7); very fine to medium

grained; silty; fair-sorted. 
Sandstone: Light-gray (N 7); very fine to coarse

grained- silty; fair-sorted- composed.of quartz; mica 

UPPER CRETACEOUS: 
Wepo Formation: 

Silty sandstone: Pale-grayish-orange (lOYR 8/4); silt 
to medium-grained sand; poorly sorted; composed of 
subangular to angular, clear quartz; rare to absent 
gypsum accessory mineral; weakly cemented, calcar
eous, 

Silty sandstone: Yellowish-gray (5Y 7/2); silt to medi
um-grained sand; poorly sorted; composed of sub
angular to angularJ clear quartz; rare carbonaceous 
material and mudstone pellets; weakly cemented, cal
careous. 

Siltstone: Yellowish-gray (5Y 7/2) and olive-gray 
(5Y 3/2); silt and fine- to medium-grained sand; com
posed of quartz; rare carbonaceous and argillaceous 
material; weakly cemented, argillaceous. 

Siltstone: Light-olive-gray (5Y 6/1); silt and very fine 
to fine-grained sand; composed of quartz; rare argil
laceous material and coal fragments; weakly cemented, 
argillaceous. 

Silty sandstone: Yellowish-gray (5Y 8/1); silt to medi
um-grained sand; poorly sorted; composed of sub
angular, clear quartz; rare· carbonaceous material 
and mudstone fragments; weakly cemented, calcareous 
and ar gillac eOllS . 

Siltstone and mudstone: Medium-light-gray (N 6); silt, 
clay, and rare fine- to medium-grained quartz; weakly 
cemented, calcareous and argillaceous. 

Silty sandstone: Very light gray (N 8); silt to fine
grained sand; poorly sorted; composed of subrounded 
to angular, clear quartz; rare mica accessory miner
al; rare carbonaceous material; weakly cemented, 
ar gillac eous. 

Siltstone: Very light gray (N 8); silt; rare to absent 
mudstone pellets; weakly cemented, argillaceous. 

Toreva Formation: 
Silty sandstone: Very light gray (N 8); silt to coarse

grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; rare to absent mudstone 
pellets; argillaceous and siliceous cement. 

Silty sandstone: Very light gray (N 8); silt to medinm
grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; rare mica accessory miner
al; rare carbonaceous material and mudstone pellets; 
argillaceous and siliceous cement. 

UPPER CRETACEOUS: 
Wepo Formation: 

Arenaceous siltstone: Yellowish-gray (5Y 8/1); silt to 
fine-grained sand; composed of subangular, clear and 
stained quartz; rare carbonaceous and argillaceous 
material; weakly cemented, calcareous and argilla
ceous. 

Arenaceous siltstone: Yellowish-gray (5Y 8/1); silt to 
fine-grained sand; composed of subangular, clear and 
stained quartz; rare carbonaceous material; frag ... 
ments of light-gray (N 7) mudstone; firmly cemented 
quartz aggregates; weakly cemented, calcareous and 
argillaceous. 

Arenaceous siltstone: Yellowish-gray (5Y 7/2); silt to 
fine-grained sandj common carbonaceous material; 
weakly cemented, calcareous and argillaceous. 
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ceOUB material. 
Sandstone: Light-olive-gray (5Y 6/1); very coarse 

grained; poorly sorted; carbonaceous material. 
50 Silty claystone: Olive-gray (5Y 4/1); carbonaceous 
70 material. 

Mancos Shale: 
Claystone: Medium-gray (N 5). 

130 Silty claystone: Medium-gray (N 5). 
160 Claystone: Medium-gray (N 5). 

Clayey siltstone: Medium-light-gray (N 6). 
170 Silty claystone: Medium-gray (N 5). 

Sandy claystone: Medium-gray (N 5). 
220 Silty claystone: Olive-gray (5Y 4/1). 
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accessory mineral. 
Sandstone: Light-gray (N 7); very fine to very coarse 

grained; silty; poorly sorted; composed of quartz; 
mica accessory mineral. 

Sandstone: Light-gray (N 7); very fine to very coarse 
grained; silty; poorly sorted; fragments of coal. 

Sandstone: Light-gray (N 7); very fine to coarse
grained; silty; poorly sorted. 

Sandstone: Light-gray (N 7); very fine to very coarse 
grained; silty; poorly sorted; fragments of dark-gray 
(N 3) mudstone. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; fair-sorted; fragments of dark-gray 
(N 3) mudstone. 

No samples. 

4K-383 
75-10 10-10 10 

20 

30 

50 

60 

100 

110 

130 

160 

210 

250 

Silty sandstone:' Very light gray (N 8); silt to coarse
grained sand; poorly sorted; composed of subangular 
to angUlar, clear quartz; rare mica accessory miner
al; rare carbonaceous material and mudstone pellets; 
argillaceous and siliceous cement. 

Silty sandstone: Very light gray (N 8); silt to coarse
grained sand; poorly sorted; composed of subangular 
to angUlar, clear quartz; rare mica accessory miner
al; rare carbonaceous material; common mudstone 
fragments; argillaceous and siliceous cement. 

Arenaceous siltstone and mudstone: Light-gray (N 7); 
clay to coarse-grained sand; poorly sorted; composed 
of subangular to angular, clear quartz; rare carbona
ceous material; argillaceous cement. 

Sandstone: Light-gray (N 7); very fine to coarse
grained; silty; poorly sorted; composed of subangular 
to angular, clear quartz; rare mudstone pellets; 
weakly cemented, siliceous. 

Arenaceous siltstone and mudstone: Light-gray (N 7); 
clay to coarse-grained sand; poorly sorted; composed 
of subangular to angular, clear quartz; rare carbona
ceous material; argillaceous, siliceous, and calcare
ous cement. 

Silty sandstone: Light-gray (N 7); silt to coarse
grained sand; poorly sorted; c.omposed of subangular 
to angular, clear quartz; common to rare mica acces
sory mineral; common mudstone pellets; firmly ce
mented, siliceous. 

Siltstone and mudstone: Light-gray (N 7) to medium
light-gray (N 6); silt, clay, and rare fine- to medium
grained quartz; rare carbonaceous material; weakly 
cemented, calcareous, argillaceous, and siliceous. 

Silty sandstone: Light-gray (N 7); silt to coarse
grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; rare carbonaceous material, 
mudstone pellets, and coal; weakly cemented, calcar
eous, argillaceous, and siliceous. 

Carbonaceous mudstone:· Light-gray (N 7) to medium
dark-gray (N 4); carbonaceous material and clay; 
coal and silt; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); silt and rare very fine
grained quartz; rare to absent mudstone pellets and 
coal; weakly cemented, calcareous and argillaceous. 

No samples, 
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Siltstone: Yellowish-gray (5Y 7/2) and light-gray (N 7); 
silt and very fine to fine-grained sand; rare to com
mon carbonaceous material; calcareous and argilla
ceous cement. 

Silty sandstone: Very light gray (N 8); silt to fine
grained sand; fair-sorted; composed of subrounded 
to subangular, clear quartz; common siltstone frag
ments; weakly cemented, calcareous. 

Siltstone and mUdstone: Light-gray (N 7); silt, clay, 
and rare very fine to fine-grained quartz; rare to 
common carbonaceous material; weakly cemented, 
calcareous and argillaceous. 

Toreva Formation: 
Sandstone: Very light gray (N 8); fine- to coarse

grained; fair-sorted; composed of subangular to 
angular, clear and frosted quartz; common mica 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

accessory mineral; rare carbonaceous material; rare 
mudstone fragments and pellets; siliceous cement. 

Sandstone: Very light gray (N 8); very fine to very 
coarse grained; silty; poorly sorted; composed of 
subangular to angular. clear and frosted quartz; rare 
to common mica and rare to absent pyrite accessory 
minerals; rare carbonaceous material; rare to com
mon mudstone fragments; siliceous cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; fair-sorted; composed of subangular 
to angular, clear quartz; rare mica accessory mineral; 
common mudstone fragments; siliceous cement. 

UPPER CRETACEOUS: 
Toreva Formation: 

Sandstone: Moderate-yellowish-brown (lOYR 5/4); very 
fine grained; silty; poorly sorted. 

Light-olive-gray (5Y 6/1); carbonaceous Silty claystone: 
seams. 

Sandstone: Yellowish-gray (5Y 8/1); fine-grained; poor-
ly sorted; fragments of coal. 

Light-olive-gray (5Y 6/1). Sandy siltstone: 
Sandstone: Medium-light-gray (N 6); fine-grained; poor-

ly sorted; fragments of coal. 
Sandy siltstone: Medium-light-gray (N 6). 
Silty claystone: Medium-light-gray (N 6), 
Sandstone: Medium-light-gray (N 6); fine-grained; poor-

ly sorted; siltstone. 

QUATERNARY: 
Alluvium: 

Sand: Grayish-orange-pink (5YR 7/2); medium to very 
coarse grained; fair-sorted; composed of quartz; frag
ments of basalt; calcareous cement. 

Sand: Grayish-orange-pink (5YR 7/2); very fine to 
coarse-grained; fair-sorted; composed of quartz; frag
ments of basalt; calcareous cement. 

Sand: Grayish-orange-pink (5YR 7/2); very fine to me
dium-grained; composed of quartz; pyrite and mica 
accessory minerals; calcareous cement. 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member: 
Sandstone: Light-olive-gray (5Y 6/1); very fine to very 

coarse grained; silty; poorly sorted; composed of 
quartz; fragments of limestone; calcareous cement. 

Sandstone: Light-gray (N 7); very fine to coarse
grained; poorly sorted; composed of quartz; frag
ments of claystone; calcareous cement. 

Sandstone: Light-gray (N 7) to medium-gray (N 5); very 
fine to medium-grained; composed of quartz; frag
ments of claystone; calcareous cement. 

Sandy silty mudstone: Grayish-red (5R 4/2)' 
Sandstone: Light-gray (N 7) to grayish-red (5R 4/2); 

very fine to medium-grained; silty; poorly sorted; 
composed of quartz; fragments of mudstone; calcare
ous cement. 

Sandstone: Light-brownish-gray (5YR 6/1) to medium
dark-gray (N 4); very fine to medium-grained; silty; 
poorly sorted; composed of quartz; fragments of mud
stone: calcareous cement. 

PERMIAN: 
Kaibab Limestone: 

Sandstone: White (N 9); very fine grained; silty; poorly 
sorted; calcareous cement. 

Coconino Sandstone: 
Sandstone: Very pale orange (lOYR 8/2)' very fine to 

PERMIAN: 
Kaibab Limestone: 

Silty limestone: Very pale orange (lOYR 8/2); very fine 
to fine- grained sand. 

Coconino Sandstone: 
Sandy siltstone: Moderate-orange-pink (5YR 8/4); silt 

to medium-grained sand' composed of subrounded to 

PERMIAN: 
Kaibab Limestone: 

Sandstone: Very pale orange (lOYR 8/2); very fine 
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-yellow (5Y 8/4); very fine grained; 
silty; poorly sorted; composed of quartz; calcareous 
cement. 
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Sandstone: Medium-gray (N 5); very fine to medium
grained; silty; poorly sorted; composed of suhunguIal' 
to angular, clear quartz; rare to absent pyr'ite acc(~s
sory mineral; common to abundant carbonaceous ma
terial; abundant mudstone fragments; weakly ('e
mented, calcareous. 

Sandstone: Light-gray (N 7); very fine grained; silty; 
rare mica accessory mineral; rare carbonaceous 
material; rare to common mudstone fragments; 
weakly cemented, calcareous and argillaceous. 

No samples. 

4T~378 
15-5.30-12.90 

Manc os Shale: 
$ilty mudstone: Medium-gray (N 5); calcareous cement. 
Sandy silty mudstone: Medium-gray (N 5); fragments 

30 of limestone. 
Silty mudstone: Medium-gray (N 5); calcareous cement. 

40 Sandy silty mudstone: Medium-gray (N 5); calcareous 
cement. 

50 Silty mudstone: Medium-gray (N 5); calcareous cement. 
80 Silty mudstone: Medium-gray (N 5); fragments of c1ay-

stone. 
100 Silty mudstone: Medium-light-gray (N 6); fragments of 
110 claystone; calcareous cement. 
140 Silty mudstone: Medium-light-gray (N 6); calcareous 

cement. 
160 No samples. 
5T- 'Utl 
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Silty sandy mudstone: Medium- gray (N 5) to light-
brownish-gray (5YR 6/1); calcareous cement. 40 

Siltstone and mudstone: Grayish-red (5R ~/2) to me-
20 II dium-gray (N 5); calcareous cement. 130 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

40 II Sandstone: Pale-brown (5YR 5/2); very fine to medium-
grained; silty; poorly sorted; composed of quartz; 
fragments of siltstone; calcareous cement. 40 

60 II Sandy siltstone: Pale-brown (5YR 5/2); fragments of 
mudstone. 40 

Sandy siltstone: Pale-reddish-brown (lOR 5/4) to dark-
gray (N 3); fragments of gypsum and mudstone. 160 

Sandstone: Pale-reddish-brown (lOR 5/4); ,-ery fine to 
medium-grained; well-sorted; fragments of siltstone, 

90 II mudstone, and claystone. GO 
PERMIAN: 

Kaibab Limestone: 
130 II Silty mudstone: Pale-red (5R 6/2); fragments of lime-

stone. 10 
Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

190 II fine-grained; silty; fair-sorted; composed of quartz; 
200 calcareous cement. 11.1 

Sandstone: Pale-reddish-brolVn (lOR 5/4); very fine to 
medium-grained; silty; fair-sorted; composed of 
quartz; calcareous cement. ~O 

240 II Coconino Sandstone: 
Sandstone: Grayish-orange-pink (lOR 8/2); very fine to 

medium-grained; well-sorted; composed of quartz; 
calcareous cement. 70 

320 II No samples. 
5K- 309 

132-3.70-16.80 

medium-grained; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
160 medium-grained; well-sorted; composed of quartz; 

calcareous cement. 

OK- !ltl 

132-7.85-8.65 

subangular, frosted quartz; calcareous cement. 
Silty sandstone: Very pale orange (lOYR 8/2); silt to 

medium-grained sand; fair to poorly sorted from 170 
120 to 300 feet; fair- to well-sorted from 300 to 420 feet; 

composed of subrounded to subangular, frosted quartz; 
grains have crystal faces; rare iron oxide stain; 
weakly cemented, calcareous and siliceous. 

"'1'''' -1..-1 

132-5.30-13.40 

20 

120 

calcareous cement. 
Sandstone: Very pale orange (lOYR 8/2); very fine to 

medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: White (N 9); very fine to fine-grained; 
silty; poorly sorted; composed of quartz; calcareous 
cement. 

Sandstone: Very pale orange (10YR 8/2); very fine to 
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Coconino Sandstone: 
Sandstone: Grayish-yellow (5Y 8/4); very fine to fine

grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Very pale orange (lOYR 8/2); fine- to 
medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-yellow (5Y 8/4); very fine to 
medium-grained; silty; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); fine- to 
medium-grained' well-sorted' composed of quartz; 

QUATERNARY: 
Alluvium: Undescribed. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Siltstone: Moderate-reddish-orange (lOR 6/6); com
posed of silt; rare mica and dark accessory minerals; 
weakly cemented, calcareous. 

Siltstone: Pale-reddish-brown (lOR 5/4); composed of 
silt; rare mica and dark accessory minerals; weakly 
cemented, calcareous. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; well-sorted; composed of subrounded to 
8ubangular, clear and stained quartz; rare dark acces
sory minerals; weakly cemented, calcareous. 

PERMIAN: 
Kaibab Limestone: 

Silt v sandstone: Grayish-orange (lOYR 7/4); silt to 

UPPER CRETACEOUS: 
Wepo Formation: 

Siltstone: Grayish-yellow (5Y 8/4) to yellowish-gray 
(5Y 7/2); silt; weakly cemented, calcareous. 

Siltstone: Grayish-yellow (5Y 8/4) to yellowish-gray 
(5Y 7/2); silt and fine-grained quartz sand; weakly 
cemented, calcareous. 

Siltstone: Pale-yellowish-brown (lOYR 6/2); silt; rare 
coal and mudstone pellets; weakly cemented, argilla
ceous. 

Arenaceous siltstone: Very pale orange (10YR 8/2); silt 
and very fine to coarse-grained sand composed of sub
rounded to angular, clear quartz; rare coal; weakly 
cemented, argillaceous. 

Toreva Formation: 
Silty sandstone: Yellowish-gray (5Y 7/2); silt to coarse

grained sand; poorly sorted; composed of subrounded 
to angular, clear quartz; rare coal; weakly cemented, 
argillac eous. 

Siltstone: Pale-yellowish-brown (10YR 6/2); silt and 
fine- to coarse-grained quartz sand; rare coal and 
mudstone pellets; weakly cemented, calcareous. 

Siltstone: Yellowish-gray (5Y 8/0; silt and fine- to 
coarse-grained quartz sand; rare coal and mudstone 
pellets; weakly cemented, argillaceous. 

Silty sandstone: Yellowish-gray (5Y 8/0; silt to fine
grained sand; poorly sorted; composed of subangular 
to angular, clear and stained quartz; rare mica acces
sory mineral; rare coal and mudstone pellets; weakly 
cemented, argillaceous. 

Silty sandstone: Yellowish-gray (5Y 8/1); silt to coarse
grained sand; poorly sorted; composed of subrounded 
to angUlar, clear quartz; rare dark accessory miner
als; rare coal and carbonaceous material; weakly ce
mented, argillaceous. 

Siltstone: Yellowish-gray (5Y 8/0; silt and rare coarse
grained quartz sand; rare coal and mudstone pellets; 
weakly cemented, calcareous. 

Siltstone and mudstone: Medium-light-gray (N 6); silt 
and clay; common micaceous mudstone fragments; 
weakly cemented, argillaceous. 

Siltstone and mudstone: Medium-dark-gray (N 4); silt, 
clay, and fine- to medium-grained quartz sand; com
mon micaceous mudstone fragments; weakly cemented, 
argillac eous. 

Sandstone: Medium-gray (N 5); fine- to medium-grained; 
silty; fair-sorted; composed of subrounded to subangu
lar, clear quartz; rare coal; weakly cemented, calcar
eous. 

Siltstone: Light-gray (N 7); silt and fine-grained quartz 
sand; rare mica accessory mineral; rare carbonaceous 
material and coal; weakly cemented, calcareous and 
argillaceous. 

Silty sandstone: Light-gray (N 7); silt to medium
grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; rare coal and micaceous 
mudstone fragments; rare mica flakes (muscovite); 
weakly cemented, calcareous. 

Siltstone and mudstone: Medium-gray (N 5); silt, clay, 
and fine- to medium-grained quartz sand; rare coal; 
weakly cemented, calcareous and argillaceo\ls. 

Silty sandstone: Light-gray (N 7); silt and fine-grained 
sand; fair-sorted; composed of subangular to angUlar, 
clear quartz; rare mica accessory mineral; rare coal 
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fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
medium-grained; silty; poorly sorted; composed of 
quartz;, calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Pale-yellowish-orange (lOYR 8/6); very 
fine to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

No samples. 
OK-6l6 

144-5 70-1 25 

45 

240 
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310 

fine-grained sand; fair-sorted; composed of sub
rounded to subangular, clear and stained quartz; 
rare dark accessory minerals; weakly cemented, 
calcareous. 

Silty sandstone: Pale-yellowish-orange (lOYR 8/6); 
silt to medium-grained sand; fair-sorted; composed 
of subrounded to subangular, clear and stained quartz; 
rare dark accessory minerals; firmly cemented, cal
careous, 

C oc onino Sand stone: 
Sandstone: Very pale orange (lOYR 8/2); very fine to 

medium-grained; fair-sorted; composed of well
rounded to subrounded, clear, amber, and frosted 
quartz; rare dark accessory minerals; weakly to 
firmly cemented, calcareous and ferruginous. 

b K-j~U 
93-11 80-9 35 

and mudstone pellets; weakly cemented, calcareous 
and ar giUac eous. 

Siltstone and mudstone: Medium-gray (N 5); silt, clay, 
10 and fine- to medium-grained quartz sand; rare coal; 

weakly cemented, calcareous and argillaceous. 
Silty sandstone: Light-gray (N 7); silt to fine-grained 

20 sand; poorly sorted; composed of subrounded to angu
lar, clear quartz; rare mica accessory mineral; rare 
mudstone fragments and carbonaceous material; weak-

30 ly cemented, calcareous and argillaceous. 
Manc os Shale: 

Siltstone and mudstone: Light-gray (N 7); silt and clay; 
rare to absent quartz grains; rare to absent carbona-

40 ceous material; weakly cemented, calcareous and 
argillaceous. 

Siltstone and mudstone: Medium-gray (N 5); silt and 
clay; rare quartz grains; weakly cem.ented, calcar
eous and argillaceous. 

60 No samples. 
Arenaceous silty mudstone: Medium-dark-gray (N 4); 

clay to fine-grained sand composed of angular, clear 
70 quartz; poorly sorted; rare pyrite accessory mineral; 

common to rare coal; rare claystone fragments; cal
careous cement. 

110 Arenaceous silty mudstone: Medium-dark-gray (N 4); 
clay, silt, and fine to very coarse grained sand com
posed of angular clear quartz; poorly sorted; rare 
pyrite and mica accessory minerals; rare coal and 
claystone fragments; weakly cemented, calcareous. 

120 Silty sandstone: Medium-gray (N 5); clay to coarse-
grained sand; composed of quartz; weakly cemented, 
calcareous. 

Arenaceous silty mudstone: Medium-dark-gray (N 4); 
clay, silt, and fine to very coarse grained sand com-

150 posed of angular clear quartz; poorly sorted; rare 
pyrite and mica and rare to absent calcite accessory 
minerals; rare coal; weakly cemented, calcareous. 

190 UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Sandstone: Very light gray (N 8) and medium-dark-
200 gray (N 4); fine- to medium-grained; fair-sorted; 

composed of subrounded to angular, clear quartz; 
rare pyrite, mica, and ca!cite accessory minerals; 
abundant mudstone fragments; calcareous cement. 

210 Siltstone and mudstone: Medium-gray (N 5); clay, silt, 
and coarse to very coarse grained quartz sand; rare 
pyrite and calcite accessory minerals; carbonaceous 
material; calcareous cement. 

220 Sandstone: Very light gray (N 8); fine- to medium-
grained; fair- to well-sorted; composed of sub
rounded, clear quartz; rare pyrite accessory mineral; 
rare coal; weakly cemented, calcareous. 

250 UPPER JURASSIC: 
Cow Springs Sandstone: 

Silty sandstone: Very light gray (N 8); silt and fine- to 
medium-grained sand; fair to poorly sorted; com
posed of subrounded, clear quartz; rare to absent 

260 pyrite accessory mineral; weakly cemented, calcar
eous, 

Silty sandstone: Very light gray (N 8); silt to fine-
270 grained sand; fair to poorly sorted; composed of sub

rounded, clear quartz; weakly cemented, calcareous. 
No samples. 
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Table 1. --Selected lithologic logs ot wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

QU,\TERNARY: 
Alluvium: 

Sand: Moderate-yellowish-brown (lOYR 5/~); fine to 
very coarse grained; poorly sorted; composed of 
quartz; basalt and limestone fragments; calcareous 
cenlent. 

UPPER CRETACEOUS: 
Mancos Shale: 

Sandstone: Yellowish-gray (5Y 7/2); very fine to me
dium-grained; silty; fair-sorted; limestone fragments; 
calcareous cement. 

Sandstone: Medium-light-gray (N 6); very fine to me
cliuIn-grained; silty; fair-sorted; abundant coal frag
ments; calcareous cement. 

Silty mudstone: Medium-light-gray (N 6); poorly sorted; 
L'oal fragments and sand grains; calcareous cement. 

Silty mudstone: Medium-gray (N 5); poorly sorted; coal 
fl'agments and sand grains; calcareous cement. 

{'PPEll ,\::\D LOWER CRETACEOUS: 
Dakota Sandstone: 

Sandstone: Medium-light-gray (N 6); very fine grained; 
silty; fair-sorted; coal fragments; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to fine-
- grained; silty; fair-sorted; gypsum accessory miner

al; calcareous cement. 
Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; silty; well-sorted; coal fragments; calcare
ous cement. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to fine
grained; silty; well-sorted; gypsum accessory miner
al; calcareous cement. 

Sandstone: Pale-greenish-yellow (lOY 8/2); very fine to 
fine-grained; silty; well-sorted; calcareous cement. 

C;PPER AND MIDDLE JURASSIC: 
em .... Springs Sandstone, Entrada Sandstone, and Carmel 

Formation undifferentiated: 
Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; silty; well-sorted; gypsum accessory miner
al; coal; calcareous cement. 

Sandstone: Pale-greenish-yellow (lOY 8/2); very fine 
to fine-grained; silty; well-sorted; gypsum accessory 
mineral; calcareous cement. 

,Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained; well-sorted; calcareous cement. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to me
dium-grained; fair-sorted; limestone fragments; cal
careous cement. 

Sandstone: Pale-brown (5YR 5/2)~ery fine to fine-

UPPER CRETACEOUS: 
Tareva Formation: 

Sandy silty mudstone: Dusky-yellow (5Y 6/4); calcare
ous cement. 

Silty mudstone: Medium-light-gray (N 6); with clay
stone; calcareous cement. 

Silty mudstone: Medium-light-gray (N 6); with clay
stone and coal. 

Sandstone: Light-alive-gray (5Y 6/1); very fine to very 
coarse grained; fair-sorted; composed of quartz; cal
careous cement; seep of water. 

Sandy siltstone: Medium-light-gray (N 6); with clay
stone and coal. 

Siltstone: Medium-light-gray (N 6); with very coarse 
grained sand and claystone. 

Silty claystone: Light-olive-gray (5Y 6/1); with coal; 
calcareous cement. 

Silty claystone: Light-alive-gray (5Y 6/1); calcareous 
cement. 

Silty mudstone: Medium-light-gray (N 6); with clay
stone; calcareous cement. 

Sandstone: Medium-light-gra.l' (N 6); fine- to coarse-

UI'PER CRETACEOUS: 
Wepo F'ormation: 

Sandstone: Pale-yeUowish-brown (lOYR 6/2); very fine 
to coarse-grained; silty; poorly sorted; composed of 
clear and stained quartz; weakly cemented, calcareous. 

Sandstone: Very pale orange (10YR 8/2); very fine to 
coarse-grained; silty; poorly sorted; composed of 
clear and stained quartz; weakly cemented, calcareous. 

Toreva Formation: 
Sandstone: Very light gray (N 8); very fine to medium

grained; silty; poorly sorted; composed of clear 
quartz; weakly cemented, calcareous. 

Sandstone: Very light gray (N 8); very fine to coarse
grained; silty; poorly sorted; composed of clear 
quartz; weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); very fine grained; silty; 
poorly sorted; composed of clear quartz; weakly ce
mented, calcareous. 
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grained; well-sorted; coal fragments; calcareous 
cement. 

Sandstone: Pale-brown (5YR 5/2); very fine to fine
grained; limestone fragments; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; well-sorted; gypsum ace essory min
eral; coal; calcareous cement. 

Sandstone: Pale-brown (5YR 5/2); fine- to medium
grained; silty; well-sorted; coal fragments; calcar
eous cement. 

Sandstone: Pale-brown (5YR 5/2); very fine to medi
um-grained; well-sorted; gypsum accessory minC'l'al; 
coal fragments; calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to medi
um-grained; wel1-sorted; calcareous cement. 

Sandstone: Light-brown (5YR 6/~); very fine to fine
grained; wel1-sorted; gypsum accessory mineral; 
coal fragments'; calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; well-sorted; calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
coarse-grained; poorly sorted; calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; well-sorted; calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; well-sorted; calcareous cement. 

Sandstone: Very light gray (N 8); very fine to coarse
grained; fair-sorted; calcareous cement. 

Sandstone: Very light gray (N 8); very fine to medium
grained; fair-sorted; calcareous cement. 

Sandy siltstone: Pale-brown (5YR 5/2); fair-sOl'ted; 
calcareous cement. 

Sandstone: Very light gray (N 8); very fine to medium
grained; fair-sorted; calcareous cement. 

Sandstone: Very light gray (N 8); fine- to eoarse
grained; fair-sorted; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to medium-grained; well-sorted; calcareous cement. 

Silty mudstone: Pale-red (5R 6/2); calcareous cement. 
Sandstone: Pale-red (5R 6/2); very fine to fine

grained; silty; well-sorted; calcareous cement. 
Sandy siltstone: Pale-red (5R 6/2); calcareolls CCInent. 
Sandy siltstone: Pale-reddish-brown (lOR 5/~); cal

careous cement. 
Silty mudstone: Pale-reddish-brown (lOR 5/~); cal

careous cement. 
No samples. 

6K.308 
94-12.15-0.35 

grained; fair-sorted; composed of quartz; coal and 
mudstone fragments; calcareous cement. 

Mane as Shale: 
40 
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6K-~1l 

Silty mudstone: Medium-light-gray (N 6); with l'O"J: 
calcareous cement. 

Siltstone: Medium-light-gray (N 6); coal fragn1l'nts. 
Silty mudstone: Medium-light-gray (N 6); calcareous 

cement. 
Silty mudstone: Medium-light-gray (N 6); claystone 

fragments; calcareous cement. 
Silty mudstone: Medium-light-gray (N 6); fragnwnts 

of claystone and very fine to fine-grained quartz sand; 
calcareous cement. 

Silty mudstone: Medium-light-gray (N 6); cla!'stnllt' 
fragments; calcareous cement. 

Silty mudstone: Medium-gray (N 5); claystone fmg
ments; calcareous cement. 

Sandstone: Light-greenish-gray (5GY 8/1); ver~' fine 
to fine-grained; well-sorted; composed of quartz; 
water. 

Silty mudstone: Medium-gray (N 5); claystone' fl'ag
ments; calcareous cement. 

94-0.70-2.70 
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cOmmon coal fragments; weakly cemented, Call'tll'l'
ous. 

Sandy siltstone: Very light gray (N 8); silt with quartz 
grains; common mica accessory mineral; weakly 
cemented, calcareous. 

Siltstone and mudstone: Medium-gray (N 5); common 
mica accessory mineral; common coal fragments; 
weakly cemented, calcareous. 

Sandy siltstone: Medium-light-gray (N 6); silt to fine
grained sand; poorly sorted; composed of sub rounded 
to Bubangulal', clear quartz; abundant mica accessory 
mineral; abundant carbonaceous material; weakly l'l'
mented, calcareous. 

Silty sandstone: Light-gray (N 7) to medium-gray 
(N 5); silt to fine-grained sand; poorly sorted; com
posed of subrounded to subangular, clear quartz; 
common mica accessory mineral; common carbona
ceous material; weakly cemented, calcareous. 
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Sandy siltstone: Light-gray (N 7); silt to medium
grained sand; composed of clear quartz; common 
mica accessory mineral; mudstone fragments; weakly 
cemented, calcareous. 

Siltstone and mudstone: Medium-light-gray (N 6); 

UPPER CRETACEOUS: 
Mancos Shale: 

No samples. 
Mudstone: Medium-light-gray (N 6); clay and silt; rare 

to absent gypsum and rare dark accessory minerals; 
rare to absent carbonaceous material; weakly to firmly 
cemented, calcareous and argillaceous. 

Arenaceous mudstone and siltstone: Medium-light-gray 
(N 6); clay to fine-grained sand; rare to absent gypsum 
and rare dark accessory minerals; weakly to firmly 
cen1ented, calcareolls and argillaceous. 

UPPER Ai'lD LOWER CRETACEOUS: 
Dakota Sandstone: 

Arenaceous siltstone: Medium-light-gray (N 6); silt to 
fine-grained sand; rare mica and dark accessory min
erals; rare to common coal fragments; weakly ce
mented, calcareous. 

.'lrenaceous siltstone: White (N 9) to very light gray 
(N 8); silt to fine-grained sand; moderately common 
coal fragments~ weakly cemented, calcareous. 

.'lrenaceous siltstone: Pale-yellowish-brown (lOYR 6/2); 
silt and very fine to fine-grained sand; rare coal and 
n1udstone fragments; weakly cemented, calcareous. 

Arenaceous siltstone: Light-brown (5YR 6/4); silt to 
fine-grained sand; rare coal and mudstone fragments; 
weakly cemented, calcareous. 

UPPER AND MIDDLE JURASSIC: 
,Cow Springs Sandstone, Entrada Sandstone, and Carmel 

Formation undifferentiated: 
Siltstone: Grayish-orange-pink (lOR 8/2); silt and very 

fine to fine-grained sand; rare mudstone fragments; 
weakly cemented, calcareous. 

Siltstone: Grayish-oran!(e-pink (lOR 8/2) to moderate
reddish-orange (lOR 6/6); silt and very fine to fine
grained sand; rare mudstone fragments; weakly ce
mented, calcareous. 

Sandstone: Very light gray (N 8) to pinkish-gray (5YR 
8/1); very fine to medium-grained; silty; fair-sorted; 
composed of rounded to subangular, clear, stained, 

QUATERNARY: 
Alluvium: 

Sand: Grayish-yellow (5Y 8/4); very fine grained; silty; 
fair- sorted. 

UPPER AND LOWER CRETACEOUS: 
Mancos Shale and Dakota Sandstone: 

Sandy siltstone: Yellowish-gray (5Y 7/2). 
Sandstone: Yellowish-gray (5Y 7/2); very fine grained; 

silty; fair-sorted. 
UPPER JURASSIC: 

Cow Springs Sandstone: 
Sandstone: White (N 9); very fine grained; silty; fair

sorted; volcanic ash. 
Sandstone: Pale-yellowish-brown (10YR 6/2); very fine 

grained; fair-sorted; volcanic ash. 
Sandstone: Light-brown (5YR 6/4); very fine grained; 

silty; fair-sorted. 
Sandstone: Very pale orange (jOYR 8/2); very fine 

grained; silty; fair-sorted; ash(?). 
Sandstone: Yellowish-gray (5Y 7/2); very fine grained; 

UPPER CRETACEOUS: 
Toreva Formation: 

Sandstone: Grayish-yellow (5Y 8/4); very fine to very 
coarse grained; poorly sorted; composed of quart~; 
calcareous cement. 

Sandy siltstone: Grayish-yellow (5Y 8/4); biotite acces-
sory mineral; calcareous cement. 

Silty sandstone: Yellowish-gray (5Y 7/2); silt to coarse-
grained sand; poorly sorted; composed of quartz; cal-
careous cement. 

Sandstone: Light-gray (N 7); very fine to fine-grained; 
silty; fair-sorted; composed of quartz; biotite acces-
aory mineral; calcareous cement. 

Siltstone: Light - gray (N 7); biotite accessory mineral; 

QUATERNARY: 
Alluvium: 

Sand: Pale-yellowish-brown (lOYR 6/2); very fine to 
medium-grained; fair-sorted; composed of quartz; 
mudstone fragments; calcareous cement. 

Sand: Pale-yellowish-brown (lOYR 6/2); very fine to 
coarse-grained; poorly sorted; composed of quartz; 
mudstone fragments; calcareous cement. 

Sand and gravel: Grayish-orange (lOYR 7/4); very fine 
to very coarse grained sand composed of quartz; silty; 
poorly sorted; quartz pebbles and mudstone fragments; 

Mancos Shale: 
Mudstone and claystone: Medium-light-gray (N 6) to 

medium-gray (N 5); silt and clay; common mica 
30 150 accessory mineral; common carbonaceous material; 

weakly cemented, calcareous. 
~unlight Bap 1st MisslDn 

94-12 80-13 35 

100 100 

and frosted quartz; rare dark accessory minerals; 
moderately common argillaceous material; weakly 
cemented, calcareous and argillaceous. 
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Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to coarse-grained; silty; poorly sorted; composed of 
rounded to subangular, clear, stained, and frosted 
quartz; rare dark accessory minerals; rare argilla
ceous material; weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2); very fine to medium
grained; silty; poorly sorted; composed of sub
rounded to subangular, clear and stained quartz; rare 
mica and dark accessory minerals; rare mudstone 
fragments and argillaceous material; weakly ce
mented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
to coarse-grained; silty; poorly sorted; composed of 
subrounded to subangular, clear and stained quartz; 
rare mica and dark accessory minerals; rare mud
stone fragments and argillaceous material; weakly 
cemented, calcareous. 

Sandstone: Light-brown (5YR 6/4); very fine to me
dium-grained; silty; poorly sor'ted; composed of 
subrounded to subangular, clear and stained quartz; 
rare mica and dark accessory minerals; rare mud
stone fragments and argillaceous material; weakly 
cemented, calcareous. 

Siltstone: Grayish-orange-pink (lOR 8/2); very fine to 
fine-grained; silty; weakly cemented, calcareous. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to me
dium-grained; silty; fair- to well-sorted; composed 
of rounded to subangular, clear and stained quartz; 
rare dark accessory minerals; rare argillaceous 
material; weakly cemented, calcareous. 

No samples. 
Sandstone: White (N 9); very fine to medium-grained; 

fair- to well-sorted; composed of rounded to sub
angular, clear quartz; rare dark accessory minerals; 
rare argillaceous material; weakly cemented, calcar
eous and argillaceous. 

6K-305-95 
95-4.30-16.25 

II 
20 

60 

90 

100 

110 

140 

150 

silty; fair-sorted; ash(?). 
Sandstone: Very light gray (N 8); very fine grained; 

silty; fair-sorted; ash(?). 
UPPER AND MIDDLE JURASSIC: 

Entrada Sandstone and Carmel Formation undifferentiated: 
Sandstone: Very light gray (5YR 4/4); very fine 

grained; silty; fair-sorted. 
Sandy siltstone: Moderate-brown (5YR 4/4). 
Sandstone: Very pale orange (lOYR 8/2); very fine 

grained; silty; fair-sorted. 
Sandy siltstone: Moderate-brown (5YR 4/4). 
Sandstone: Very pale orange (10YR 8/2); fine-grained; 

fair - sort ed. 
Sandstone: Yellowish-gray (5Y 7/2); very fine grained; 

well-sorted. 
Siltstone: White (N 9). 
Sandstone: Yellowish-gray (5Y 7/2); very fine grained; 

silty; fair-sorted. 
No samples. 

6K- U8A 
95 9 45-5 55 -

calcareous cement. 
Sandy siltstone: Yellowish-gray (5Y 7/2); biotite ac-

cessory mineral; calcareous cement. 
Silty sand stone: Yellowish-gray (5Y 7/2); silt to me-

9 dium-grained sand; poorly sorted; composed of 
quartz; calcareous cement. 

50 Sandstone: Yellowish-gray (5Y 7/2); very fine to very 
coarse grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

60 Sandy siltstone: Light-gray (N 7); biotite accessory 
mineral; calcareous cement. 

Silty mudstone: Medium-light-gray (N 6); claystone 
70 fragments) calcareous cement. 

-6K 310 
95-11. 05-12. 20 

calcareous cement. 
UPPER AND MIDDLE JURASSIC: 

Entrada Sandstone and Carmel Formation undifferentiated: 
Sandstone: YellOWish-gray (5Y 7/2); very fine to fine-

10 grained; well-sorted; calcareous cement. 
Sandstone: Very light gray (N 8); very fine to fine

grained; well-sorted; calca'reous cement. 
50 Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to fine-grained; silty; poorly sorted; calcareous ce
ment. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

to fine-grained; silty; fair-sorted; calcareous cement. 
Sandy siltstone: Pale-reddish-brown (lOR 5/4); biotite 

accessory mineral; calcareous cement. 
Sandstone: Pinkish-gray (5YR 8/0; very fine to fine-

grained; well-sorted; calcareous cement. 
Sandstone: Very light gray (N 8); very fine to fine-

grained; well-sorted; calcareous cement. 
Sandstone: Yellowish-gray (5Y 8/1); very fine to me-

diurn-grained; well-sorted; calcareous cement. 

QUATERNARY: 
Alluvium: 

Silty sand: Yellowish-gray (5Y 7/2); fine-grained; 
poorly sorted. 

Sand: Light-brown (5YR 6/4); medium-grained; poorly 
sorted. 

Silty sand: Light-brown (5YR 6/4); very fine grained. 
UPPER AND LOWER CRETACEOUS: 

Dakota Sandstone: 
Sandy siltstone: Grayish-orange-pink (5YR 7/2). 
Clayey siltstone: Light-brown (5YR 6/4). 

UPPER AND MIDDLE JURASSIC: 
Cow Springs Sandstone, Entrada Sandstone, and Carmel 

Formation undifferentiated: 
Sandy siltstone: Very Dale O1:an~e (10YR 8/2): ash(?). 

UPPER CRETACEOUS: 
Mancos Shale: 

Siltstone and claystone: Dark-gray (N 3) to medium
gray (N 5); fine-grained quartz sand; mica accessory 
mineral; coal and carbonaceous material; gypsiferous 
and calcareous cement. 

l'PPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Sandstone: Light-olive-gray (5Y 6/1); very fine grained; 
well-sorted; composed of subrounded to subangular, 
frosted quartz; black and amber accessory minerals; 
weakly cemented, calcareous. 

UPPER AND MIDDLE JURASSIC: 
Cow Springs Sandstone, Entrada Sandstone, and Carmel 

Formation undifferentiated: 
Sandstone: Moderate-orange-pink (lOR 7/4); very fine 

to fine-grained and rare medium-grained; fair-sorted; 
composed of rounded to subangular, clear and frosted 
quartz; black and red and rare mica and pyrite acces
sory minerals; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to very 
fine grained sand; fair-sorted; composed of subround
ed to subangular, clear, frosted. and stained quartz; 
rare mica and black accessory minerals; calcareous 
cement. L 

QUATERNARY: 
Alluvium: 

Sand: Pale-yellowish-brown (10YR 6/2); very fine to 
medium-grained; silty; fair-sorted; composed of sub-
rounded to subangular, clear and stained quartz; rare 
to absent hematite pellets and carbonaceous material; 
weakly cemented, calcareous. 

Sand: Grayish-orange (lOYR 7/4) to pale-yellowish-
brown (lOYR 6/2); very fine to medium-grained; silty; 
fair-sorted; composed of subrounded to subangular, 
clear and stained quartz; rare carbonaceous material; 
weakly cemented, calcareous. 

Sand: Light-brown (5YR 6/4); very fine to fine-grained; 
silty; fair- to well-sorted; composed of subrounded to 
subangyl§l.J:'-,_1:::1ear and stained quartz; rare to absent 

UPPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation undifferentiated: 

Sandstone: Light-brown (5YR 6/4 to 5YR 5/6); fine- to 
medium-grained; silty; fair-sorted; composed of sub
rounded to angular. clear and stained quartz j rare 
mica and dark accessory minerals; rare mudstone 
fragments and carbonaceous material; weakly ce
mented, calcareous. 

Sandstone; Pale-yellowish-brown (lOYR 6/2); fine- to 
medium-grained; silty; well-sorted; composed of sub
rounded to subangular, clear quartz; rare dark acces
sory minerals; weakly cemented, calcareous. 

Sandstone: Grayish-yellow (5Y 8/4) to yellowish-gray 
(5Y 7/2); fine-grained; silty; fair-sorted; composed 
of subrounded to 8ubangular, clear quartz; rare dark 
acces80ry minerals; weakly cemented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red 
(lOR 6/2); fine-grained; well-sorted; composed of 
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140 JURASSIC AND TRIASSIC(?): 

170 
Navajo Sandstone: 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
medium-grained; well-sorted; calcareous cement. 

180 Sandstone: Very light gray (N 8); very fine to medium-
grained; well-sorted; calcareous cement. 

190 Sandstone: Very pale orange (10YR 8/2); very fine to 
fine-grained; silty; well-sorted; composed of quartz; 

200 calcareous cement. 
6M-52A 

95-7.55-11.75 

Sandy siltstone: Light-brown (5YR 6/4). 
Sandstone: Grayish-orange-pink (5YR 7/2); silt to 

very fine grained sand; poorly sorted. 
40 Sandstone: Very light gray (N 8); very fine grained; 

silty; poorly sorted. 
60 Sandstone: Light-olive-gray (5Y 6/1); very fine 
80 grained; silty; poorly sorted. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
grained; silty; poorly sorted. 

100 Sandstone: Light-brown (5YR 6/4); very fine grained; 
110 silty; poorly sorted. 

Sandstone: Pale-yellowish-brown (lOYR 6/2); very 
fine grained; silty; poorly sorted. 

150 
6K-322 

96-1. 00-10. 50 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; well-sorted; composed of subrounded 
to subangular, frosted quartz; rare mica and black 
accessory minerals; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
130 II to medium-grained; fair-sorted; composed of sub

rounded to subangular, frosted quartz; rare mica 
and black accessory minerals; weakly cemented, 
calcareous. 

Arenaceous siltstone: Light-brown (5YR 6/4); silt to 
very fine grained sand; occasional rnerUum-grained 

150 II sand; composed of subrounded to subangular, stained 
and frosted quartz; rare black and D1ica accessory 
minerals; few clay pellets; calcareous cement. 

JURASSIC AND TRIASSIC(? ): 
Navajo Sandstone: 

Sandstone: Pinkish-gray (5YR 8/1); fine-grained; 
well-sorted; composed of subrounded to subangulal'. 
clear and frosted quartz; black, amber. and green 

170 II accessory n1inerals; siliceous cement. 
Sandstone: Pinkish-gray (5YR 8/1); fine- to medium

grained; well-sorted; composed of rounded to sub
rounded quartz; rare pyrite and black accessory 
minerals. 

180 II No samples. 
6GS-113-1 

113-8.70-4.00 

dark accessory minerals; weakly cemented, calcar-
eous. 

UPPER AND MIDDLE JURASSIC: 
Cow Springs Sandstone. Entrada Sandstone, and Carmel 

Formation undifferentiated: 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

20 to fine-grained; silty; fair- to well-sorted; C0111posed 
of subrounded'to subangular, clear and stained quartz; 
rare to absent mica and rare dark accessory miner-
als; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/ ... ) to light-
70 brown (5YR 6/4); very fine to fine-grained; silto'; 

fair- to well-sorted; composed of subrounded to sub-
angular, clear and stained quartz; rare dark acces-
sO:r'Yl11irt~rals; weakly cemented 1 calcareous. 

6GS-113-2 
113-11. 40-5.75 

grained sand; fair-sorted; composed of subrounded 
to subangular, clear quartz; rare red mudstone frag
ments; weakly cemented, calcareous. 

Siltstone: Pale-i'ed (lOR 6/2); silt and medium
grained quartz sand; rare mudstone fragments; 
weakly cemented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red 
10 II (lOR 6/2); fine-grained; well-sorted; composed of 

subrounded to subangular, clear quartz; rare dark 
accessory minerals; weakly cemented, calcareous. 

Siltstone: Pale-red (lOR 6/2); silt and medium-
20 II grained quartz sand; rare mudstone fragments; 

weakly cemented, calcareous. 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
100 II Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red 

(lOR 6/2); fine-grained; well-sorted; composed of 
subrounded to subangular, clear quartz; rare dark 
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subrounded to subangular, clear quartz; rare dark 
accessory minerals; weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6{2); fine-grained; well
lIorted; composed of subrounded to Bubangular, clear 
quartz; rare dark accessory minerals; weakly ce
mented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red 
(lOR 6/2); fine-grained; well-sorted; composed of 
subrounded to subangular, clear quartz; rare dark 
accessory minerals; weakly cemented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red 
(lOR 6/2); fine-grained; well-sorted; composed of 
subrounded to subangular, clear quartz; rare dark 
accessory minerals; rare to absent blue-green mud
stone fragments; weakly cemented, calcareous. 

Silty sandstone: Pale-red (lOR 6{2); silt to medium-

JURASSIC AND TRIASSIC( ?): 
Navajo Sandstone: 

Sandstone: Light-orange-brown (5YR 7/4); very fine to 
medium-grained; well-sorted; composed of subround
ed to subangular, clear and stained quartz; rare dark 
accessory minerals; weakly cemented, calcareous. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
medium-grained; well-sorted; composed of subround
ed to subangular, clear and stained quartz; weakly ce
mented, calcareous. 

Sandy mudstone: Grayish-red (lOR 4/2); composed of 
silt and clay particles; common very fine to medium
grained clear quartz sand; common mica accessory 
mineral; rare limestone pellets; weakly cemented, 
calcareous. 

Sandstone: Pale-orange-pink (lOR 7/2); very fine to 
medium-grained; silty; poorly sorted; composed of 
rounded to subrounded, clear and stained quartz; 

QUATERNARY: 
Alluvium: 

Silty sand: Yellowish-gray (5Y 7/2); silt to medium
grained sand; poorly sorted; composed of quartz; cal
careous cement. 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Coal: Black (N 1); sand and silt. 
Coal: Black (N 1). 
Silty mudstone: Light-gray (N 7); coal fragments. 
Silt: Light - gray (N 7); coal and gypsum. 
Sandstone: Light-gray (N 7); very fine to fine- grained; 

silty; well-sorted; calcareous cement. 
UPPER JURASSIC: 

Cow Springs Sandstone: 
Sandstone: Very light gray (N 8); very fine to fine

grained; silty; well-sorted; calcareous cement. 
Sandstone: Yellowish-gray (5Y 8/1); very fine to fine

grained; well-sorted; composed of quartz; calcareous 
cement. 

UPPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation undifferentiated: 

Sandstone: Very light gray (N 8); very fine to fine
grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained; well-sorted; composed of quartz; calcareous 
cement. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very pale orange (10YR 8/2); very fine to 
medium-grained; well-sorted; composed of rounded 
to subrounded, clear and stained quartz; rare dark 
accessory minerals; weakly to firmly cemented, 
calcareous. 

Sandstone: Grayish-yellow (5Y 8/4); very fine to me
dium-grained; well-sorted; composed of rounded to 
subrounded, clear and stained quartz; rare dark ac
cessory minerals; weakly to firmly cemented, cal
careous. 

UPPER TRIASSIC(?): 
Kayenta Formation: 

Mudstone and claystone: Pale-grayish-red (lOR 5/2); 
silt and clay; rare dark accessory minerals; common 
chert and limestone fragments; weakly cemented, 
calcareous. 

Arenaceous siltstone: Pale-red (lOR 6/2); silt and very 

QUATERNARY: 
Alluvium and landslide,deposits: 

Arenaceous silt: Yellowish-gray (5Y 7/2); silt and very 
fine to very coarse grained sand; poorly sorted; rare 
dark accessory minerals; rare argillaceous material; 

10 

10 

10 

20 

25 

4 

15 

10 
5 

10 
10 

10 

30 

40 

20 

90 

10 

260 

30 

accessory minerals; weakly cemented, calcareous. 
110 UPPER TRIASSIC(?): 

Kayenta Formation: 
Arenaceous siltstone: Pale-red (lOR 6/2); silt and 

fine-grained sand; composed of subrounded to sub-
120 angular, clear quartz; rare mudstone fragments; 

weakly cemented, calcareous. 
Siltstone: Pale-red (lOR 6/2); silt and very fine 

grained quartz sand; weakly cemented, calcareous. 
130 Silty sandstone: Pale-red (lOR 6/2); silt and fine-

grained sand; poorly sorted; composed of subround
ed to angular, clear quartz; common reddish-brown 
and blue-green mudstone fragments; weakly ce
mented, calcareous. 

150 Siltstone: Pale-red (lOR 6/2); silt and very fine 
grained Quartz sand' weaklv cemented calcareous. 

6K-312 
114-8 65-5 05 

weakly cemented, calcareous. 
Sandstone: Very pale orange (lOYR 8/2); very fine to 

medium-grained; silty; fair-sorted; composed of 
rounded to subrounded, clear and stained quartz; 
weakly cemented, calcareous. 

9 Sandstone: Pale-greenish-yellow (lOY a/2); very fine 
to medium-grained; silty; fair-sorted; composed of 
rounded to subrounded, clear and stained quartz; 
rare dark accessory minerals; weakly cemented, 

34 calcareous. 
UPPER TRIASSIC(?): 

Kayenta Formation: 
Sandy siltstone: Pale-reddish-brown (lOR 5/4); silt 

and very fine to medium-grained sand composed of 
38 rounded to subrounded, clear and stained quartz; 

poorly sorted; common mica accessory mineral; 
weakly cemented, calcareous. 

No samples. 

6K- 307 
115-0 10-0 30 

Sandstone: Light-greenish-gray (5GY 8/1); very fine 
to fine-grained; silty; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Light-greenish-gray (5GY 8/1) to very light 
15 gray (N 8); fine- to medium-grained; fair-sorted; 

composed of quartz; pyrite accessory mineral; clay
stone and siltstone fragments; calcareous cement .. 

25 Sandy siltstone: Light-greenish-gray (5GY 8/1); gyp-
30 sum. 
40 Silty mudstone: Pale-red (lOR 6/2) to light-greenish-
50 gray (5GY a/1); coal fragments; calcareous cement. 

Silty mudstone: Pale-reddish-brown (lOR 5/4); gyp-
60 sum. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained; well-sorted; composed of quartz; calcare
ous cement. 

90 Sandstone: Very light gray (N 8); very fine to fine-
grained; well-sorted; composed of quartz; calcare
ous cement. 

130 JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Very light gray (N 8); very fine to medium
grained; well-sorted; composed of quartz; calcare
ous cement; possible water at 530 to 560 feet. 

150 UPPER TRIASSIC(?): 
Kayenta Formation: 

Mudstone and claystone: Grayish-red (lOR 4/2); cal-
240 careous cement. 

6K-310(N) 
115-4 10-3 15 

10 

270 

300 

fine to medium-grained sand; composed of rounded 
to subrounded, clear quartz; common chert and lime
stone fragments; weakly cemented, calcareous. 

Tongue of Navajo Sandstone: 
Sandstone: Very pale orange (lOYR 8/2); very fine to 

medium-grained; well-sorted; composed of clear and 
stained quartz; rare dark accessory minerals; rare 
argillaceous material; weakly cemented, calcareous. 

Silty sandstone: Grayish-orange-pink (5YR 7/2); silt 
and very fine to medium-grained sand; poorly sorted; 
composed of rounded to subrounded, clear quartz; 
rare dark accessory minerals; common argillaceous 
material; weakly cemented, calcareous. 

Silty sandstone: Grayish-orange-pink (lOR 8/2); silt 
and very fine to medium-grained sand; fair-sorted; 
composed of rounded to subrounded, clear quartz; 
rare argillaceous material; weakly cemented, cal
careous. 

7K-361 
93-6.35-4.00 

weakly cemented, calcareous. 
Sand: Pale-yellowish-brown (lOYR 6/2); very fine to 

very coarse grained; silty; poorly sorted; composed 
of subrounded to angular, clear quartz; moderately 
common black and red accessory minerals; rare 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

argillaceous material; weakly cemented, calcareous. 
UPPER CRETACEOUS: 

Mancos Shale: 
Arenaceous siltstone: Pale-yellowish-brown (lOYR 6/2); 

silt and very fine to coarse-grained sand; poorly 
sorted; rare mudstone fragments; weakly cemented, 
calcareous. 

Arenaceous siltstone: Light-olive-gray (5Y 6/1); silt 
and very fine to coarse-grained sand; poorly sorted; 
rare Inudstone fragments; weakly cemented; calcare
ous, 

Siltstone and mudstone: Medium-gray (N 5); silt, clay, 
and fine- to coarse-grained sand; poorly sorted; rare 
to absent petrified(?) wood fragments; calcareous ce
ment. 

Siltstone and mudstone: Medium-gray (N 5); silt, clay, 
and fine- to coarse-grained sand; poorly sorted; rare 
pyrite and gypsum accessory minerals; weakly ce
mented, calcareous. 

Sandstone: Medium-gray (N 5) to light-gray (N 7); fine
grained; silty; well-sorted; composed of subrounded 
to angular, clear quartz; moderately common dark 
accessory minerals; common wood and mudstone frag
ments; rare to absent coal; rare pyrite, mica, and 
limonite; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); silt and fine-grained sand; 
rare pYrite and dark accessory minerals; rare to 

TERTL.\RY: 
Bidahochi Formation: 

Upper member: 
Sandstone: Moderate-orange-brown (5YR 7/4); medium

to coarse-grained sand and rare granule; fair-sorted; 
composed of subangular to angular, frosted and stained 
quartz; common black accessory minerals; weakly ce
mented, calcareous. 

Sandstone: Very pale orange (10YR 8/2); fine to very 
coarse grained; poorly sorted; composed of subround
ed to subangular, clear, stained, and frosted quartz; 
common black accessory minerals; siliceous cement. 

Sandstone: Very pale orange (lOYR 8/2); silt to coarse
grained sand; poorly sorted; composed of subrounded 
to subangular, frosted quartz; micaceous accessory 
minerals; weakly cemented, calcareous. 

Siltstone: Light-olive-gray (5Y 6/1); clay to silt; com
mon medium- to coarse-grained sand composed of 
quartz; common mica flakes; siliceous cement. 

CPPER CHETACEOUS: 
Toreva Formation: 

Sandstone: Pinkish-gray (5YR 8/1) to very pale orange 
(lOYR 8/2); medium-grained sand to granule; siltv 

QCATERNARY: 
Alluvium: 

Silty sand: Yellowish-gray (5Y 7/2); silt to medium
grained sand; poorly sorted; composed of quartz; 
muscovite; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to fine
grained; silty; poorly sorted; composed of quartz; 
muscovite; calcareous cement. 

CPPER CRETACEOUS: 
Mancos Shale: 

Sandy siltstone: Yellowish-gray (5Y 7/2); calcareous 
cement. 

Sandy siltstone: Light-gray (N 7); calcareous cement. 
CPPEft l\='ID LOWEH CHETACEOUS: 

Dakota Sandstone: 
Coal and carbonaceous siltstone: Medium-dark-gray 

(N 4) to black (N 1). 
Mudstone: Medium-light-gray (N 4); coal fragments; 

calcareous cement. 
Siltstone: Medium-light-gray (N 4); coal fragments; 

calcareous cement. 
Sandstone: Very light gray (N 8); very fine to fine

grainedj siltyj poorly sorted; composed of quartz. 
U l'PER AND MIDDLE JURASSIC: 

Entrada Sandstone and Carmel I'ormation undifferentiated: 
Sandstone: Pale-brown (5YR 5/2); very fine to fine

arained: Doodv sorted; composed of quartz: mudstone 

QUATI~RNAHY: 
Alluvium: 

No samples. 
TERTIARY: 

Bidahoc.:hi Formation: 
Lower member: 

Siltstone: Light-gray (N 7); silt to fine-grained sand 
composed of quartz; rare mica accessory mineral; -rare 
argillaceous material; weakly cemented, calcareous. 
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80 II moderately common coal; rare mudstone fragments; 
weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); fine- to medium-grained; 
silty; fair-sorted; composed of subrounded to angu
lar, clear quartz; pyrite accessory mineral; common 
mudstone fragments and coal; rare wood fragments; 

90" weakly cemented, calcareous. 
Siltstone and mudstone: Medium-light-gray (N 6); silt 

and clay; rare gypsum accessory mineral; moderate
ly common to absent coal fragments; weakly ce-

100 II mented, calcareous. 
UPPEH AND LOWEH CHETACEOUS: 

Dakota ~andstone: 
Sandstone: Light-gray (N 7); fine- to medium-grained; 

280 II silty; fair-sorted; composed of subrounded to angu
lar, clear quartz; common pyrite accessory mineral; 
common mudstone fragments and coal; rare wood 
fragments; weakly cemented, ca1c.:areous. 

290 II Sandstone: Very light gray (N 8); fine-grained; silty; 
fair-sorted; composed of subrounded to subangular, 
clear quartz; rare coal fragments; weakly cemented, 
calcareous. 

Mudstone and siltstone: Light-gray (N 7); clay, silt, 
and fine-grained sand; weakly cemented, calcareous 

310 II and argillaceous. 
Siltstone: Light-gray (N 7); silt; rare coal fragments; 

weakly cemented, calcareous. 
7K- 364 

83-4.50-11.50 
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80 

100 

110 

from 170 to 190 feet; fair-sorted; size and sQ1'ting 
vary somewhat from horizon to horizon; composed of 
angular, frosted quar~z; common feldspar grains. 

Siltstone: Light-gray (N 7); silt to clay; few angular 
quartz grains as large as granule; abundant n1ica; 
siliceous ('elnent. 

Sandstone: Same as from 110 to 220 feet; abundant 
siltstone fragments. 

Siltstone: Medium-dark-gray (N 4); silt to clay; ('om
mon medium to very coarse grained quartz sand; 
abundant coal fragments; siliceous cement. 

Silty sandstone: Medium-light-gl'ay (K 6); silt to fine
grained sand, occasional larger grain; fair- to we11-
sorted; slight variation of size and sorting throughout; 
composed of subangular to angular, frosted quartz and 
chert; few siltstone and coal fragn1ents in upper 10 
feet; abundant mica and C'omn10n black accessory 
111inerals; siliceous cement. ' 

Mancos Shale: 
Siltstone: Mediu1l1-light-gray (N 6); silt to clay; sandy: 

abundant finely divided mica; calcareous ccment fr0111 
510 to 520 feet and from 560 to 600 feet, siliceous 
elsewhere. 
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fragments. 
Sandy siltstone: Pale-brown (5YR 5/2); calcar'eolu5 

cen1ent. 
Sandy siltstone: Moderate-brown (5YR -+./.'t); mudstone 

fragments; calcareous cen1ent. 
Sandy siltstone: Very light gray (N 8); calcareous ct'

ment. 
Sandy siltstone: Light-brown (5YR 6/4): calL-areous 

cement. 
Sandstone: Pinkish-gray (5YR 8/1); VE:'l'y fine to nw

dium-gl'ained; silty; poody sortE:'ci; composf'd of 
quartz; calcareous CClnent. 

Sandstone: Very light gray (N 8); very fillp to l11l'clium
grained; silty; poorly sortl'd; C0111posed of quartz; 
calcareous cement. 

Sandstone: Grayish-orunge-pink (5YR 7/2); vet'"' fine 
to n1edium-gl'ained; silty; poorly sOl'h=>d; l'olnpoHPd 
of quartz; culcareous cement. 

Sandstone: VPt·y pale orange (lOYR B/2); vet':; fitH' to 
medium-grained; wp!l-sortedj composed of quartz: 
calcareous c em cnt. 

Sandstone: Pinkish-gray (5YH 8/1); VPl',\' finl' to llll'

dium-grained; Bilty; fair-sorted; l'(1111)Ospd of qua l'tz; 
calcareous c(,l11cnt. 

Silty mudst.otll': Clt'nyish-t'('d (lIIH 4/2); ,'alcal'('olls 
cement. 

White Cone T. 1'. 
1I2-~. 50-111.10 
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60 

stained quartzj Wl;)ukl,Y c
1
t:'tl1entl;;'d, ('nlt'al'PUuH. 

Sandstone: Ypllowish-gt'ny (5Y 8/ I) und bluish-whit" 
(5B H/t); very fine to fine~gl'ained; fail'-SOl'h'<i: t'om
posed of subl'ounded to subangular, clear and Htaint.'d 
quartz; weakly ct'lnented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/ I); fine to Vl't·." 
coarse grained; poorly sorted; l'Olnposed of w~'ll
rounded to angular, clear and frosted quartz; l'Cll'P 

dark accessory minerals; rare chl'rt and jasppr; 
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Silty sandstone: Light-gray (N 7); silt to fine-grained 
sand; poorly sorted; composed of subrounded to sub
angular J clear quartz; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); silt and medium- to coarse
grained sand; composed of rounded to subangular, 
clear quartz; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); silt and fine-grained sand 
composed of quartz; rare mica accessory mineral; rare 
argillaceous material; weakly cemented J calcareous. 

Sandstone: Yellowish-gray (5Y 8/1); fine to very coarse 
grained; poorly sorted; composed of well-rounded to 
angular, clear and frosted quartz; rare feldspar and 
dark accessory minerals; rare chert and jasper; 
weakly cemeuted, calcareous. 

Silty sandstone: Yellowish-gray (5Y 8/1); silt and fine
grained sand; some medium- to coarse-grained sand; 
poorly sorted; composed of subrounded to subangular, 
clear quartz; rare argillaceous material; weakly ce
mented, calcareous and argillaceous. 

Silty sandstone: White (N 9) and very light gray (N 8); 
silt and fine-grained sand; poorly sorted; composed of 
subrounded to subangular, clear quartz; rare argilla
ceous material; weakly cemented, calcareous and 
argillaceous. 

Sandstone: Yellowish-gray (5Y 8/1); fine to very coarse 
grained; poorly sorted; composed of well-rounded to 
angular, clear and frosted quartz; rare feldspar and 
dark accessory minerals; rare chert and jasper; 
weakly cemented, calcareous. 

UPPER JURASSIC: 
Cow Springs Sandstone: 

Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 
(lOR 5/4); very fine to fine-grained; silty; fair to 
poorly sorted; composed of subrounded to subangular, 
clear and stained quartz; some well-rounded coarse 
grains~ weakly cemented, calcareous. 

Sandstone: Very light gray (N 8); fine-grained; silty; 
fair-sorted; composed of subrounded to subangular, 
clear quartz; some well-rounded coarse grains; weak
ly cemented, calcareous. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation and Entrada Sandstone undifferentiated: 

Sandstone: Pale-red (lOR 6/2) and bluish-white (5B 9/1); 
very fine to fine-grained; fair-sorted; composed of 
subrounded to subangular, clear and stained quartz; 
weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/1); fine to very coarse 
grained; silty; poorly sorted; composed of well
rounded to angular, clear and frosted quartz; rare 
dark accessory minerals; rare chert and jasper; 
weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 
(lOR 5/4); very fine to fine-grained; fair-sorted; 
composed of subrounded to subangular, clear and 

(Well drilled in diatreme) 
TERTIARY: 

Bidahochi Formation: 
Volcanic member: 

Silty sandstone: Pinkish-gray (5YR 8/1); silt to coarse
grained sand; poorly sorted; composed of subrounded 
to subangular, clear and frosted quartz; basalt and 
augite fragments; calcareous cement. 

Silty sandstone: Pinkish-gray (5YR 8/1); silt to coarse
grained sand; poorly sorted; composed of subrounded 
to subangular, clear and frosted quartz; calcareous 
cement. 

Silty sandstone: Pale-yellowish-brown (lOYR 6/2); silt 
to fine-grained sand; poorly sorted; composed of sub
rounded to subangular, clear, stained, and frosted 
quartz; rare mica and altered feldspar accessory min
erals; few coarse basalt grains; calcareous cement. 

Tuffaceous sandstone: Pale-yellowish-brown (1 OYR 6'/2); 

QUATERNARY: 
Alluvium: 

Silty sand: Light-brown (5YR 6/4); silt to medium
grained sand; poorly sorted. 

Sand and gravel: Light-brown (5YR 6/4); silt to medium
grained sand; poorly sorted; basalt fragments. 

UPPER TRIASSIC(?): 
Moenave Formation: 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

UPPER TRIASSIC: 
vVingate Sandstone: 

Lukachukai Member: 
Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
grained; silty; fair-sorted; composed of quartz; 
muscovite. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
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weakly cemented, calcareous. 
Sandstone: Very light gray (N 8); fine- to medium

grained; silty; poorly sorted; composed of subround
ed to angUlar, clear quartz; some well-rounded coarse 
grains; rare dark accessory minerals; rare reddish
brown mudstone pellets; weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/1); fine to very 
coarse grained; poorly sorted; composed of well
rounded to angular, clear and frosted quartz; rare 
feldspar and dark accessory minerals; rare chert 
and jasper; weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/1), bluish-white 
(5B 9/l), and pale-reddish-brown (lOR 5/4); very 
fine to fine-grained; silty; fair to poorly sorted; 
composed of sub rounded to subangular, clear and 
stained quartz; some well-rounded coarse grains; 
weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/1), bluish-white 
(5B 9/1), and pale-reddish-brown (lOR 5/4); fine- to 
coarse-grained; silty; poorly sorted; composed of 
well-rounded to angular, clear, stained, and frosted 
quartz; rare jasper, chert, and blue-green mudstone 
fragments; weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 8/1); fine to very 
coarse grained; poorly sorted; composed of well
rounded to angular, clear and frosted quartz; rare 
feldspar and dark accessory minerals; rare chert 
and jasper; rare blue-green mudstone fragments; 
weakly cemented, calcareous. 

Silty sandstone: Yellowish-gray (5Y 8/1), bluish-white 
(5B 9/1), and pale-reddish-brown(lOR5/4); silt to fine
grained sand; poorly sorted; composed of subrounded 
to angUlar, clear and stained quartz; rare blue-green 
mudstone fragments; weakly cemented, calcareous. 

Sandstone: Pale-yellowish-brown (lOYR 6/2); fine
grained; silty; well-sorted; composed of subrounded 
to angUlar, clear quartz; rare pyrite mudstone pel
lets; weakly cemented, calcareous. 

Sandstone: Yellowish-gray (5Y 7/2); fine- to medium
grained; well-sorted; composed of subrounded to 
subangular, clear and stained quartz; rare to absent 
pyrite accessory mineral; rare blue-green and red
dish-brown mudstone fragments; weakly cemented, 
calcareous. 

Arenaceous siltstone and mudstone: Pale-red (lOR 6/2) 
to pale-reddish-brown (lOR 5/4); silt, clay, and fine
to coarse-grained sand composed of quartz; weakly 
cemented, calcareous. 

Silty sandstone: Light-greenish-gray (5G 8/1); very 
fine to fine-grained; some well-rounded coarse 
grains; poorly sorted; composed of clear quartz; 
common blue-green mudstone fragments; weakly 
cemented, calcareous. 

No samples. 
'IK-367 
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clay to Inedium-graine,d sand; poorly sorted; composed 
of subangular to angular quartz; tuff, cinders, and 
basalt; common mica accessory mineral; rare olivine 
grain; few clay pellets; calcareous cement. 

Siltstone: Light-greenish-gray (5GY 8/1); clay to silt 
and subordinate very fine grained sand; mica and 
basalt accessory minerals; rare glassy fragments; 
calcareous cement. 

Tuffaceous siltstone: Very light gray (N 8); rare to 
common cinders and fine. quartz sand; rare mica 
flakes and red accessory minerals; rare glassy frag
ments; common selenite crystals in places; rare iso
lated augite crystalS; claystone in places; calcareous 
cement. 

Tuffaceous siltstone: Very light gray (N 8); same as 
from 150 to 300 feet but more tuffaceous; common 
cinders. 

No samples. 
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grained; silty; fair-sorted; composed of quartz; 
muscovite, 

Rock Point Member: 
Sandstone: Pale-reddish-brown (lOR 5/4) and moder

ate-orange-pink (lOR 7/4); very fine grained; poorly 
sorted; composed of quartz; muscovite. 

Sandy siltstone: Light-hrown (5YR 6/4); muscovite; 
calcareous cement. 

Sandy siltstone: Moderate-orange-pink (5YR 8/4); 
muscovite; calcareous cement. 

Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 
muscovite; calcareous cement. 

Sandy siltstone: Moderate-orange-pink (5YR 8/4); 
muscovite; calcareous cement. 

Sandy siltstone: Moderate-orange-pink (5YR 8/4) and 
grayish-red (lOR 4/2); muscovite and mudstone frag
ments; calcareous cement. 

Silty mudstone: Moderate-orange-pink (5YR 8/4) and 
grayish-red (lOR 4/2); calcareous cement. 

Silty mudstone: Red (5R 6/2). 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservation., Arizona, New Meldeo, and Utah-Contll:lued 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
Siltstone: Grayish-orange-pink (lOR 8/2); mudstone, 

claystone, and limestone pellets and fragments; cal
careous cement. 

Siltstone: Moderate-reddish-orange (lOR 6/6); calcar
eous cement. 

Siltstone: Pale-reddish-brown (lOR 5/4); calcareous 
cement. 

Siltstone: Pale-reddish-brown (lOR 5/':;); sandy; cal
careous cement. 

Siltstone: Pale-red (lOR 6/2); sandy; mudstone and 
linlestone fragments; calcareous cement. 

Siltstone: Pale-red (5R 6/2); sandy; mudstone and 
linlestone fl'agments; calcareous cement. 

Siltstone: Moderate-orange-pink (lOR 7/':;); calcareous 
cement. 

Siltstone: Moderate-orange-pink (lOR 7/':;); limestone 
fragments; calcareous cement. 

Petrified Forest Member: 
Siltstone: Moderate-reddish-orange (lOR 6/6); calcar

eous cement. 
Siltstone: Pale-reddish-brown (lOR 5/':;); calcareous 

cement. 
Siltstone: Grayish-orange-pink (lOR 8/2); mudstone 

fragments; calcareous cement. 
Siltstone: Pale-red (lOR 6/2); mudstone fragments; 

calcareous cement, 
Silty mudstone: Grayish-red (5R ..,/2); calcareous 

cement. 
Silt:; mudstone: Pale-red (lOR 6/2); limestone frag

ments; calcareous cement. 
Silty mudstone: Pale-red-purp1e (5RP 6/2); limestone 

fragments; calcareous cement. 
Silty mudstone and sandy siltstone: Pale-red (lOR 6/2); 

calcareous cement. 
Sandstone: Light-gray (N 7); silt to fine-grained sand; 

poorly sorted; composed of quartz; biotite accessory 
mineral; jasper and siltstone fragn1ents; calcareous 
cement. 

Sandstone: Light-gray (:-r 7); very fine to medium
grained; fair-sorted; composed of quartz; biotite 
accessory mineral; jasper fragments; calcareous 
e:ement. 

Sandy siltstone: Light-brownish-gray (5Y 8/1) to yel
lowish-gray (5YR 6/1); mUdstone fragments; calcar
eous cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; fair-sorted; composed of quartz; biotite 
accessory mineral; jasper fragments; calcareous 
e:ement. 

Sandy silty mudstone: Light-gray (:-I 7); calcareous 
e:ement. 

Sandy silty mudstone: Light-gray (N 7); sandstone 
fragments. 

Mudstone: Very light gray (N 8); gypsum fragments; 
calcareous cement. 

Sandy siltstone: Pale-red (lOR 6/2); calcareous cement. 
Sandy silty mudstone: Medium-light-gray (N 6); calcar

eous cement. 
Silty sandstone: Pinkish-gray (5YR 8/1); very fine 

grained; poorly sorted; biotite accessory mineral; 
limestone pellets; calcareous cement. 

Mudstone: Grayish-red (5R 4/2); limestone pellets; 
calcareous cement. 

Sandy silty mudstone: Pale-red (5R 6/2); limestone 
pellets; calcareous cement. 

Silty sandstone: Pale-red (lOR 6/2); silt to fine-grained 
sand; poorly sorted; composed of quartz; biotite ac
cessory mineral; calcareous cement. 

Sandy siltstone: Grayish-red (5R 4/2); calcareous 
cement. 

Sandy siltstone and mudstone: GrayiSh-red (5R 4/2); 
limestone pellets; calcareous cement. 

Silty sandstone: Grayish-red (5R 4/2); silt to fine
grained sand; poorly sorted; biotite accessory miner
al' calcareous cement 

Sandy siltstone: Grayish-red (5R 4/2); calcareous 
cement. 

Sandy silty mudstone: Grayish-red (lOR 4/2); limestone 
pellets. 

Silty sandstone: Pale-red (5R 6/2); silt to fine-grained 
sand; poorly sorted; composed of quartz, partlyar
kosic; biotite ac:cessory mineral; calcareous cement. 

Silty sandstone: Pale-red (5R 6/2); silt to coarse
grained sand; poorly sorted; composed of quartz, 
partly arkosic; biotite accessory mineral; chert, jas
per, and limestone pellets, 

Sandy silty mudstone: Grayish-red (5R 4/2); calcareous 
cement. 

Silty sandstone: Grayish-red (5R 4/2) to light-gray 
(N 7); silt to fine-grained sand; poo~ly sorted; com
posed of quartz; biotite accesl':wry mineral; calcareous 
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cement. 
Silty mudstone: Grayish-red (5R 4/2); limestone frag

ments; calcareous cement. 
Sandy silty mudstone: Grayish-red (5R 4/2) and pale

red (lOR 6/2); limestone pellets; calcareous cement. 
Sandy siltstone: Grayish-red (lOR 4/2); calcareous 

cement. 
Sandy siltstone: Grayish-blue (5PB 5/2); calcareous 

cement. 
Sandy siltstone: Pale-red (lOR 6/2); biotite accessory 

mineral; calcareous cement. 
Sandy siltstone: Pale- greenish -yellow (lOY 8/2); bio

tite and dark accessory minerals; calcareous cement. 
Sandy siltstone: Grayish-red-purple (5RP 4/2); bio

tite accessory mineral; calcareous cement. 
Sandy siltstone: Grayish-blue (5PB 5/2); biotite ac

cessory mineral; mudstone pellets; calcareous 
cement. 

Sandy siltstone: Grayish-purple (5P 4/2); biotite ac
cessory mineral; mudstone and limestone pellets; 
calcareous cement. 

Silty mudstone: Medium- gray (N 5) to light-bluish
gray (5B 7/1); calcareous cement. 

Sandy siltstone: Brownish-gray (5YR 4/1) and gray
ish-red-purple (5RP 4/2); biotite accessory mineral; 
calcareous cement. 

Mudstone and sandy siltstone: Medium-bluish-gray 
(5B 5/1) and medium-gray (N 5); biotite accessory 
mineral; calcareous cement, 

Mudstone: Medium-light-gray (N 6); calcareous 
cement. 

Mudstone: Grayish-red (5R ..,/2) and medium-light
gray (N 6); calcareous cement. 

Sandy mudstone: Very light gray (N 8) and pale-red 
(5R 6/2); calcareous cement. 

Sandy siltstone: Grayish-orange-pink (5YR 7/2); cal
careous cement. 

Mudstone: Pale-red-purple (5RP 6/2) and medium
gray (N 5); calcareous cement. 

Lower red member: 
Silty sandstone: Medium-gray (N 5); silt to medium

grained sand; poorly sorted; con1posed of quartz; 
mudstone pellets and quartz pebbles; calcareous 
cement. 

Sandstone: Light-olive-gray (5Y 6/1); fine- to coarse
grained; poorly sorted; composed of quartz; mud
stone fragments; calcareous cement. 

Silty sandstone: Medium-light-gray (K 6); silt to \'ery 
COarse grained sand; poorly sorted; C0111posed of 
quartz; calcareous cement. 

Sandy siltstone: Pale-red (lOR 6/2); biotite accessory 
mineral; calcareous cement. 

Shinarump Member: 
Silty sandstone: Light-olive-gray (5Y 6/1); silt to 

very coarse grained sand; poorly sorted; cOlnposed 
of quartz; jasper and siltstone fraglnents; calcareous 
cement. 

MlDDLE(?) AND LOWER TRIASSIC: 
Moenkopi F9rmation: 

Sandstone: Very pale orange (IOYR 8/2); \-el'y fine to 
coarse-grained; poorly sorted; composed of quartz_: 
mudstone, jasper, and chert fragments; calcareous 
cement. 

Silty sandstone: Pale-brown (5YR 5/2); silt to coarse
grained sand; poorly sorted; con1posed of qual'tz; 
mudstone fl'agn1ents; calcareous cement. 

Siltstone: Grayish-red (lOR ..,/2) and greenish-gray 
(5GY 6/1); biotite accessory mineral; sandy silt
stone fragments; calcareous cement. 

Sandy siltstone: Pale-reddish-bl'own (lOR 5/..,); cal
careous cement. 

Sandy siltstone: Moderate-orange-brown (lOR 6/..,); 
biotite accessory mineral; calcareous ce111ent. 

Silty mudstone: Grayish-red (lOR ..,/2); ca1cal'eous 
cement. 

Sandy siltstone: Moderate-orange-brown (lOR 6/..,); 
biotite accessory mineral; calcareous cement. 

Silty sandstone: Grayish-orange-pink (5 YR 7/2): silt 
to medium-grained sand; poorly sorted; composed 
of quartz; biotite accessory mineral; n1udstol1t' pt'l
lets; calcareous cement. 

PERMIAN: 
Coconino Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/..,) and gray
ish-red (lOR 4/2); very fine to medium-grained; 
fair-sorted; composed of quartz; mudstone frag
ments; calcareous cement. 

Sandstone: Moderate-yellowish-brown (10YR 5/4); 
very fine to medium-grained; fair-sorted; cOlnposed 
of quartz; mudstone fragments; calcareous Cl'ment. 

Sandstone: Moderate-orange-pink (5YR 8/4); vel'Y 
fine to medium-grained; fair-sorted; C'o111poHed of 
stained quartz; mudstone fraglnents; calcareous 
cement. 

27 

10 900 

10 910 

50 960 

10 rJ70 

10 ,980 

20 1, 000 

20 1,020 

':;0 I, 060 

1011,070 

20 I, 090 

60 1, 150 

30 1, 180 

20 1, 200 

30 1, 230 

30 1, 260 

20 1,280 

20 1,300 

III 1, 310 

30 1,3-'±0 

III 1,350 

III 1, 360 

10 1, :-nU 

..,01 1, ..,ill 

5U 1,4till 

10 1, -lil! 

40 1,510 

40 1, 550 

50 1, liOO 

10 1. li III 

60 1, G7l1 

2U 1, l)~)O 

20\ 1,710 

2111 1,730 

11411,844 



PERMIAN: 
Cutler Formation: 

Cedar Mesa Sandstone Member: 
Sandstone: Moderate-orange-brown (5YR 7/4); very 

fine to fine-grained; well-sorted; composed of rounded 
to subrounded, stained, amber, and clear quartz; rare 
dark accessory minerals; rare argillaceous material; 
firmly cemented, calcareous and ferruginous. 

Sandstone: Pale-orange-brown (lOR 6/4) and moderate
reddish-orange (lOR 6/6); very fine to fine-grained; 
silty; poorly sorted; composed of rounded to subround
ed, stained, a:t;nber, and clear quartz; common mica 
and rare dark accessory minerals; rare argillaceous 
material; firmly cemented, calcareous and argilla
ceous, 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
grained; silty; fair to poorly sorted; composed of sub
rounded to subangular, stained and clear quartz; rare 
to common mica and rare dark accessory minerals; 
rare to common hematite concretions; weakly ce
mented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4), pale
reddish-brown (lOR 5/4), and greenish-gray (5GY 6/1); 
very fine to fine-grained; silty; poorly sorted; com
posed of subrounded to subangular, clear and stained 
quartz; rare mica and dark accessory minerals; COIll

man micaceous mudstone pellets; weakly cemented, 
calcareous. 

Arenaceous siltstone: Moderate-reddish-orange (lOR 
6/6); silt and very fine to fine-grained sand; composed 
of subrounded to subangular, stained and clear quartz; 
rare to common mica and rare dark accessory miner
als; weakly cemented, calcareous. 

Sandstone: Moderate-pink-brown (5YR 7/4); very fine 
to fine- grained; silty; poorly sorted; composed of 

QUATERNARY: 
Alluvium: 

Silt and sand: Pale-red (lOR 6/2); silt to very fine 
grained sand; poorly sorted; composed of quartz; 
calcareous cement. 

Silt and sand: Pale-red (lOR 6/2); silt to very fine 
grained sand; poorly sorted; composed of quartz; 
calcareous cement. 

Silt and sand: Moderate-orange-pink (lOR 7/4); silt to 
very fine grained sand; poorly sorted; composed of 
quartz; calcareous cement. 

Silt and sand: Moderate-orange-pink (lOR 7/4); silt to 
very fine grained sand; poorly sorted; composed of 
quartz; rare light_green (5G 7/4) claystone pellets; 
calcareous cement. 

Silt and sand: Grayish-orange-pink (5YR 5/2); silt to 
medium-grained sand; poorly sorted; composed of 
quartz; few coal fragments; calcareous cement. 

UPPER JURASSIC: 
Entrada Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; fair-sorted; composed of rounded 
to' subangular, amber and frosted quartz; rare black 
accessory minerals; calcareous and ferruginous ce
ment. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; fair-sorted; composed of rounded 
to subangular, amber and frosted quartz; rare black 
accessory minerals; calcareous and ferruginous ce
ment. 

Siltstone: Moderate-reddish-orange (lOR 6/6); com
posed of subrounded to subangular, clear, stained, 
and frosted quartz; common black accessory minerals; 
calcareous cement. 

Siltstone: Moderate-reddish-orange (lOR 6/6); com
posed of subrounded to subangular, clear, stained, 
and frosted quartz; common black accessory minerals; 
calcareous cement. 

Arenaceous siltstone: Moderate-reddish-orange (lOR 
6/6); silt and very fine to fine-grained sand; composed 
of subrounded to subangular, clear, frosted, and 
stained quartz; common dark accessory minerals; 
calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to 
fine-grained sand; fair-sorted; composed of sub
rounded to subangular, clear, frosted, and stained 
quartz; common black accessory minerals; calcar
eous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to 
fine-grained sand; fair-sorted; composed of sub
rounded to subangular, clear, frosted, and stained 
quartz; common black accessory minerals; calcar
eous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to 
fine-grained sand; fair-sorted; composed of sub
rounded to sub angular , clear, frosted, and stained 
quartz; common black accessory minerals; calcar
eous cement. 

Arenaceous siltstone: Moderate-reddish-orange (lOR 
6/6); silt and very fine sand; poorly sorted; composed 
of subrounded to subangular, clear, stained, and frosted 
quartz; rare black and dark-red accessory minerals; 
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subrounded to subangular, stained and clear quartz; 
rare mica and dark accessory minerals; rare hema
tite concretions; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair to poorly sorted; com
posed of subrounded to subangular, stained and clear 
quartz; rare mica and dark accessory minerals; rare 
hematite concretions; weakly cemented, calcareous. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
to fine-grained; silty; poorly sorted; composed of 
rounded to subangular, stained and clear quartz; 
common mica and rare dark accessory minerals; 
common to absent argillaceous material; weakly 
cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair-sorted; composed of sub
rounded to subangular, stained and clear quartz; rare 
dark accessory minerals; weakly cemented, calcar
eous, 

Sandstone: Reddish-orange-brown (lOR 6/4); very fine 
to fine-grained; silty; fair to poorly sorted; com
posed of subrounded to subangular, stained and clear 
quartz; common mica and rare dark accessory min
eralsj rare argillaceous material; common mica
ceous mudstone fragments; weakly cemented, cal
careous, 

Sandstone: Pale-orange-red (lOR 7/2); very fine to 
fine-grained; silty; poorly sorted; composed of sub
rounded to 8ubangular, stained and clear quartz; 
common mica and rare dark accessory minerals; 
weakly cemented, calcareous. 

Halgaito Tongue: 
Mudstone: Moderate-dusky-red (5R 4/4); silt and clay; 

abundant mica and common gypsum; weakly cement
ed, calcareous. 
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calcareous cement. 
Siltstone: Moderate-reddish-orange (lOR 6/6); clay, 

silt, and rare fine-grained sand; poorly sorted; com
posed of subrounded to subangular, clear, stained, 
and frosted quartz; rare black and dark-red acces
sory minerals; calcareous cement. 

Arenaceous siltstone: Moderate-reddish-orange (lOR 
6/6); clay, silt, and abundant very fine to fine
grained sand; poorly sorted; composed of subrounded 
to subangular, clear, stained, and frosted quartz; 
rare black accessory minerals; few dark-reddish
brown (lOR 3/4) claystone chips; calcareous cement. 

Arenaceous siltstone: Moderate-orange-pink (lOR 7/4); 
clay, silt, and abundant very fine to medium-grained 
sand; poorly sorted; rare black accessory minerals; 
common clay chips; rare very fine white (N 9) sand
stone gravel; calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); clay, 
silt, and very fine to medium-grained sand; com
posed of subrounded to subangular, clear, stained, 
and frosted quartz; rare dark accessory minerals; 
common clay chips; rare very fine grained white (N 9) 
sandstone pebbles composed of quartz; calcareous 
cement. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Siltstone: Moderate-orange-pink (lOR 7/4); silt and 
rare fine-grained sand; composed of subrounded to 
8ubangular, clear, stained, and frosted quartz; cal
careous cement. 

Mudstone: Moderate-orange-pink (lOR 7/4); mostly 
smaller than silt; few very fine sand particles; cal
careous cement. 

Mudstone: Moderate-orange-pink (lOR 7/4); mostly 
smaller than silt; few very fine sand particles; cal
careous cement. 

Mudstone: Moderate-orange-pink (lOR 7/4); mostly 
smaller than silt; few very fine sand particles; cal
careous cern ent. 

Mudstone: Moderate-orange-pink (lOR 7/4); mostly 
smaller than silt; few very fine sand particles; cal-
careous cement. . 

Siltstone: Moderate-orange-pink (lOR 7/4); slightly 
sandy; clay, silt, and very fine grained sand; poorly 
sorted; rare black accessory minerals; rare chert 
pebbles as large as half an inch in diameter; calcare
ous cement. 

Siltstone: Moderate-orange-pink (lOR 7/4); slightly 
sandy; clay, silt, and very fine grained sand; poorly 
sorted; rare black accessory minerals; rare chert 
pebbles as large as half an inch in diameter; calcare
ous cement. 

Siltstone: Moderate-orange-pink (lOR 7/4); clay, silt, 
and rare very fine grained sand; rare black acces
sory minerals; calcareous cement. 

Siltstone: MOderate-orange-pink (lOR 7/4); clay, silt, 
and abundant sand; rare black accessory minerals; 
calcareous cement. 

JURASSIC AND TRIASSIC(? ): 
Navajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6); silt 
to fine-grained sand; fair-sorted; composed of 
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Table 1. --Selected lithologic logs of well a in tha Navajo and Hopi Indian Reaervations, Arizona, New Me:dco, and Utah-Continued 

subrounded to subangular, clear, stained, and frosted 
quartz; common dark accessory minerals; calcareous 
cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to fine-
grained sand; fair-sorted; composed of subrounded to 
subangular, clear. stained, and frosted quartz; com-
mon dark accessory minerals; calcareous cement. 

No samples. 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

fine to fine-grained; fair-sorted; composed of rounded 

UPPER JURABSIC: 
Summerville Formation: 

Sandstone: Light-brown (5YR 6/4); very fine to medium
grained; fair-sorted; composed of subrounded to sub
angular, frosted quartz; common white (N 9) clay and 
dark accessory minerals; calcareous cement. 

l'PPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation undifferentiated: 

Argillaceous sandstone and arenaceous siltstone: Light
brown (5YR 6/-l); silt to very fine grained sand; rare 
medium grain; rare mica and common finely divided 
black accessory minerals. 

Siltstone: Moderate-orange-pink (lOR 7/4); clay to silt; 
rare medium grain of angular, clear quartz sand; cal
careous cement. 

JL'RASSIC A:-rD TRIASSIC(?): 
Xavajo Sandstone: 

Sandstone: Moderate-orange-pink (lOR 7/4); silt to 

QGATERNARY: 
_-\lluvium: 

Silty claystone: Pale-yellowish-brown (lOYR 6/2). 
JL'RASSIC A:-rD TRIASSIC(?): 

::\avajo Sandstone: 
Light-brown (5YR 6/4); very fine grained; Sandstone: 

silty; well-sorted. 
Sandstone: Grayish-orange-pink (5YR 7/2); fine-

grained; well-sorted; tightly cemented, calcareous. 
Sandstone: Light-brown (5YR 6/4); very fine grained; 

silty; \\rell-sorted. 
Grayish-orange (lOYR 7/4); very fine Sandstone: 

grained; silty; well-sorted. 
Light-brown'(5YR 6/4); fine-grained; poorly Sandstone: 

sorted; a few medium grains of well-rounded quartz. 

CPPER .JCRASSIC: 
Morrison Formation: 

Recapture Shale Member{?): 
Sandstone: Pale-red (lOR 6/2); fine- to medium

grained; fair-sorted; composed of quartz; calcareous 
cement. 

Salt \Vash Sandstone Member: 
Sandstone: Pale-reddisb-brown (JOR 5/4); very fine 

grained; silty; calcareous cement. 
Sandy siltstone: Grayisb-red (JOR 4/2); fair-sorted; 

calcareous cement. 
Sandy siltstone: Light-brownish-gray (5YR 6/1); fine

to coarse-grained sand; fair-sorted; limestone frag
ments, 

(,'ov,' Springs Sandstone: 
Sandstone: Grayish-orange-pink (JOR 8/2); fine-grained; 

well-sorted; composed of quartz; calcareous cement. 
Summerville Formation and Entrada Sandstone undifferen

tiated: 
Sandstone: Pale-reddish-brown (JOR 5/4); very fine 

grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; silty; well-sorted; calcareous cement. 

Sandstone: Pale-reddish-brown (JOR 5/4); very fine 
grained; well-sorted; composed of quartz; calcareous 

UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon Member: 
Sandstone: Yellowish-gray (5Y 7/2) to grayish-yellow 

(5Y 8/4); fine- to medium-grained; fair-sorted; com
posed of subrounded to angUlar, clear quartz; rare 
dark accessory minerals; rare to common argillaceous 
material; weakly cemented, calcareous. 

Sandstone: YellowiSh-gray (5Y 7/2); fine- to medium
grained; fair-sorted; composed of sub rounded to angu
lar, clear quartz; rare dark accessory minerals; rare 
to common argillaceous material; rare blue-green and 
reddish-brown mudstone f.ragments; weakly cemented, 
calcareous, 
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to subangular, clear, stained, and frosted quartz; 

I 
dark-red and black accessory minerals; siliceous 

310 cement. 
Sandstone: Moderate-orange-pink (lOR 7/4); very fine 

to fine-grained; subordinate silt; fair-sorted; COID-

posed of subrounded to subangular, clear, stained, 
320 and frosted quartz; common black and red accessory 
330 minerals; weakly cemented, calcareous. 

Sandstone: Same as from 360 to 410 feet, but contains 
more fine-grained sand. 

tiK-q;H 
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fine-grained sand; rare medium grain; fair-sorted; 
composed of subrounded to subangular, frosted 
quartz; rare dark accessory minerals; rare siltstone 
fragments; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); fine
grained; well-sorted; composed of subrounded to 
subangular, clear. stained, and frosted quartz; com
mon dark accessory minerals; common red siltstone 
fragments; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); silt to 
fine-grained sand; poorly sorted; composed of sub
rounded to subangular, clear and frosted quartz; 
common dark accessory minerals; common red silt
stone fragments. 

Sandstone: Same as fronl 450 to 470 feet, but contains 
some medium grains and siliceous cement. 

No samples. 

,rK-::;;rn) 
38-13.65-1. 40 

Sandstone: Light-brown (5YR 6/4); very fine grained; 
well-sorted. 

10 Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; composed of quartz. 

UPPER TRIASSIC(?): 

180 
Kayenta Formation: 

Sandstone: Pale-red (lOR 6/2); very fine to fine-
grained. 

190 Sandy siltstone: Grayish-orange-pink (5YR 7/2) to 

340 
medium-gray (N 5). 

Silty sandstone: Grayish-orange-pink (5YR 7/2). 
No samples. 

350 Silty sandstone: Grayish-orange-pink (5YR 7/2). 
Silty sandstone: Pale-red (5R 6/2). 

390 Silty sandstone: Moderate-orange-pink (lOR 7/4). 
HK- ?n 

38-0.80-3.35 

cement. 
Sandstone: Moderate-reddish-orange (JOR 6/6); \-el'~

fine grained; silty; well-sorted; calcareous CE'lnent. 
UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 
30 II Sandy siltstone: Pale-reddish-bro\\'n (lOR 5/4); \\'ell-

sorted; calcareous cement. 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

120 II fine grained; silty; well-sorted; calcareous cenlent, 
JURASSIC AND TRIASSIC(?): 

140 Navajo Sandstone: 
Sandstone: Moderate-orange-pink (lOR 7/4); fil1l'

grained; well-sorted; composed of quartz; caleare-
160 II ous cement. 

Sandstone: Moderate-reddish-orange (lOH 7/4): very 
fine grained; composed of quartz; siltstone frag-

190 II ments; calcareous cement; looks like caving. 
Sandstone: Moderate-reddish-orange (lllH 6/6); fine

grained; composed of quartz; grayish-red (lOH 4/2) 
siltstone fragments; calcareous cement; looks like 
caving. 

220 II Sandstone: Moderate-reddish-orange (lOH 6/6); very 
fine grained; well-sorted; composed of quartz; eal-

260 careous cement. 
No samples. 

. 8K~'l26 
38-4.55-15.20 
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65 

weakly cemented, calcareous, 
Sandstone: Ligbt-brownish-gl'ay (5YH 6/1); medium

grained; well-sorted; composed of subrounded to 
subangular, clear quartz; common mudstone frag
ments; weakly cemented, calcareous. 

Silty sandstone: Light-brownish-gray (5YR 6/1); silt 
to medium-grained sand; fair-sorted; conlposect of 
sub rounded to subangular, clear quartzj common 
blue-green and rare reddish-brown mudstone frag
ments; weakly cemented, calcareous. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to fine
grained; silty; well-sorted; composed of rounded to 
subangular, clear quartz; rare mudstone fragments; 
weakly cemented, calcareous. 
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Sandstone: Grayish-orange-pink (lOR 8/2) to moderate
orange-pink (lOR 7/4); fine- to medium-grained; fair
sorted; composed of subrounded to angular, clear 
quartz; rare dark accessory minerals; common argil
laceous material; rare mudstone fragments; weakly 
cemented, calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2) to moderate
orange-pink (lOR 7/4); very fine to fine-grained; well
sorted; composed of subrounded to subangular, clear 
quartz; rare argillaceous material; mudstone frag
ments; weakly cemented, siliceous. 

Sandstone: Yellowish-gray (5Y 7/2); fine- to medium
grained; well-sorted; composed of subrounded to sub
angular, clear quartz; common argillaceous material; 
rare siltstone fragments; weakly cemented, siliceous. 

Recapture Shale Member: 
Sandstone: Grayish-red (lOR 4/2); very fine to coarse

grained; poorly sorted; composed of sub rounded to 
subangular, clear quartz; abundant siltstone and mud
stone fragments; weakly cemented, calcareous. 

Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 
medium-grained; silty; fair-sorted; composed of 
rounded to subangular, clear quartz; common argil-. 
laceous material; CQlnrnOn blue-green and reddish
brown mudstone fragments; weakly cemented, argil
laceous and siliceous. 

Sandstone: Light-greenish-gray (5GY 8/I); fine- to 
medium-grained; silty; poorly sorted; composed of 
subrounded to angular, clear quartz; common blue
green and reddish-brown mudstone fragments; weakly 
cemented, calcareous. 

Sandstone: Grayish-orange-pink (5YH 7/2). pale
reddish-brown (lOH 5/4), and pale-blue-green (5BG 
7/2); fine- to medium-grained; silty; poorly sorted; 
composed of subrounded to angUlar, clear quartz; 
abundant mudstone fragments; weakly cemented, 
calcareous. 

Sandstone: Grayish-orange-pink (5YR 7/2), pale
reddish-brown (lOR 5/4), and pale-blue-green (5BG 
7/2); very fine to fine-grained; silty; well-sorted; 
composed of subrounded to subangular, clear quartz; 
common argillaceous material; abundant mudstone 
fragments; weakly cemented, calcareous and aegil
laceous. 

Silty sandstone: Light-brownish-gray (5YR 6/1); silt 
to medium-grained sand; poorly sorted; composed 
of subrounded to angular, clear quartz; common 
reddish-brown and blue-green mudstone fragments; 

UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon Member: 
Sandstone: G~ayish-yellow (5Y 8/4); fine- to medium

grained; fair-sorted; composed of clear quartz; cal
careous cement. 

Recapture Shale Member: 
Sandstone and mudstone: Yellowish-gray (5Y 8/]) sand

stone, fine- to medium-grained, well-sorted; grayish
red (5H 4/2) and pale-blue-green (5BG 7/2) mudstone; 
calcareous cement. 

Sandstone and mudstone: Yellowish-gray (5Y 8/ J) sand
stone, fine- to medium-grained, well-sorted; gr~yish
red (5R 4/2) and pale-blue-green (5BG 7/2) mudstone; 
calcareous cenlent, 

Silty sandstone and mudstone: Light-greenish-gray 
(5GY 8/ J) silty sandstone, fine- to medium-grained, 
well-sorted; grayish-red (5H 4/2) and pale-blue-green 
(5BG 7/2) mudstone; calcareous cement. 

Salt Wash Sandstone Member: 
Siltstone: Bluish-white (5B 9/ I); light-greenish-gray 

(5GY 8/1) silty sandstone, fine- to medium-grained, 
well-s,o;:ted; grayish-red (5H 4/2) and pale-blue-green 
(5BG 7/2) mudstone; calcareous cement. 

UPPER JURASSIC: 
Entrada Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/4); silt to 
fine-grained sand; fair-sorted; composed of rounded 
to 8ubangular, clear, stained, and frosted quartz; 
common black and rare green accessory minerals; 
calcareous cement. 

Sandstone: Light-brown (5YH 6/4); very fine to fine
grained, minor silt and rare medium grain; fair
sorted; composed of subrounded to subangular, clear, 
stained~ and frosted quartz~ calcareous cement. 

Siltstone: Moderate-reddish-orange (lOR 6/6); silt to 
very fine grained sand; fair-sorted; composed of sub
rounded to subangular, frosted and stained quartz; 
calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6) and 
moderate-orange-pink (5YR 8/4); silt to fine-grained 
sand, rare medium grain; fair-sorted; composed of 
rounded to subangular. clear, stained, and frosted 
quartz; dark-red and black accessory minerals; cal
careous cement. 

Sandstone: Moderate-orange-brown (5YR 7/4); fille
grained; well-sorted; composed of rounded to sub-
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Sandstone:, Light-brownish-gray (5YR 6/1); very fine 
to coarse-grained; silty; poorly sorted; composed 
of subrounded to Bubangular, clear and stained quartz; 
rare argillaceous material; common mudstone frag
Inents; weakly cemented, calcareous. 

Arenaceous siltstone: Pale-brown (5YR 5/2); silt to 
coarse-grained sand; composed of clear and pale
green stained quartz; common blue-green and red
dish-brown mudstone fragments; weakly cemented, 
calcareous. 

Sandstone: Pale-brown (5YR 5/2); fine- to coarse
grained; silty; composed of rounded to angUlar, clear 
and green stained quartz; rare pyrite accessory min ... 
eral; common blue-green and reddish-brown mudstone 
and siltstone fragments; weakly cemented, calcareous. 

Arenaceous siltstone: Grayish-orange-pink (5YR 7/2); 
silt to medium-grained sand; composed of quartz; 
common mudstone fragments; weakly cemented, cal ... 
careous. 

Silty sandstone: Grayish-orange-pink (5YR 7/2); silt 
to fine-grained sand; fair-sorted; composed of 
quartz; rare argillaceous material; common mud
stone fragments; weakly cemented, calcareous. 

Salt Wash Sandstone Member: 
Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 

medium-grained; fair-sorted; composed of subround
ed to subangular, clear quartz; comn10n mudstone 
fragments; weaJdy cemented, calcareous. 

Mudstone and siltstone: Pale-brown (5YR 5/2); clay, 
silt, and some fine-grained sand composed of quartz; 
fragments of firmly cemented clear quartz aggre
gates; firmly cemented, calcareous. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to medium-grained; silty; fair-sorted; composed of 
subrounded to angular, clear quartz; common mud
stone fragments; firmly cemented, calcareous. 

Silty sandstone: Pinkish-gray (5YH 8/1); silt and fine
to n1edium-grained sand; fair-sorted; composed of 
subrounded to angular, clear quartz; common mud
stone fragments; weakly cemented, calcareous. 

Silty sandstone: Light-brownish-gray (5YR 6/1); silt and 
fine- to medium-grained sand; fair-sorted; composed 
of subrounded to angular, clear quartz; common mud
stone fragments; weakly cemented, calcareous. 

Silty sandstone: Moderate-brown (5YR 3/4); silt and 
fine-grained sand; fair-sorted; composed of subround
ed to angular, clear q\.Iartz; common reddish-brown 
mudstone fragments; weakly cemented, calcareous. 

8 T-418 
38-7.00-9,90 

Summerville Formation: 
Silty sandstone: Pale-reddish-brown (JOH 5/4); fine

grained; well-sorted; calcareous cement. 
Silty sandstone: Moderate-reddish-orange (JOR 6/6); 

fine-grained; well-sorted; calcareous cement. 
60 Entrada Sandstone: 

Silty sandstone: Light-bro,vn (5YR 5/6); very fine 
grained; well-sorted; calcareous cement. 

Silty sandstone: Light-brown (5YR 5/6); very fine 
grained; well-sorted; calcareous cement. 

90 Silty sandstone: Light-brown (5YR 5/6); very fine 
grained; well-sorted; calcareous cement. 

UPPEH AND MIDDLE JURASSIC: 
Carmel Formation: 

290 Silty sandstone: Moderate-reddish-orange (lOR 6/6); 
very fine grained; well-sorted; calcareous ce
ment. 

Silty sandstone: Pale-reddish-brown (JOH 5/4); very 
520 fine grained; well-sorted; calcareous cement. 

620 

JURASSIC AND THIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; calcareous cement. 

8K 435 
54-9.90-1. 30 

rounded, clear, stained, and frosted quartz; dark
red and black accessory lninerals; weakly cemented, 
calcareous and siliceous. 

UPPEH AND MIDDLE JURASSIC: 
Carmel Formation: 

Siltstone: Moderate-reddish-orange (lOR 6/6) to pale-
30 reddish-brown (lOR 5/4); rare well-rounded grains 

of clear quartz; calcareous cement. 
Sandstone: Moderate-orange-pink (jOR 7/4); silt to 

fine-grained sand; fair to poorly sorted; composed 
40 of rounded to subangular, clear and frosted quartz; 

rare black accessory minerals; rare brown siltstone 
pellets; calcareous cement. 

Sandy siltstone: Moderate-orange-pink (lOR 7/4); silt 
50 to fine-grained sand; calcareous cement. 

Mudstone: Pale-reddish-brown (lOR 5/4); clay to silt; 
micaceous; calcareous cement. 

Siltstone: Moderate-orange-pink (JOR 7/4) to pale
reddish-brown (jOR 5/4); mudstone pellets; mica
ceous. 

100 JUHASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Silty sandstone: Moderate-reddish-orange (JOH 6/6); 

30 515 

30 545 

50 595 

10 605 

20 625 

30 655 
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20 685 
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10 735 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, ArizolUl, New Mexico, and Utah-Continued 

very fine grained, rare fine or medium grain; fair to 
poorly sorted; composed of clear and frosted quartz; 
common dark accessory minerals; weakly cemented, 
calcareous. 

Sandstone: Moderate-orange-pink (5YR 7/4); very fine 
to medium-grained; fair- to well-sorted: composed of 

QUATERNARY AND UPPER JURASSIC: 
Alluvium and Entrada Sandstone undifferentiated: 

Sand: Brownish-orange-pink (5YR 7/4); very fine to 
coarse-grained; poorly sorted; composed of well
rounded to subangular. clear. frosted, and stained 
quartz; rare dark accessory minerals; rare jasper; 
weakly cemented, calcareous. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; silty; poorly sorted; composed 
of well-rounded to subangularJ clear and stained 
quartz; common to abundant micaceous siltstone frag
ments; rare dark accessory minerals; weakly ce
mented, calcareous. 

JURASSIC AND TRIASSIC(?): 
~avajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; fair-sorted; composed of 

"UPPER JURASSIC: 
Bluff Sandstone: 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine 
grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
grained; well-sorted; composed of quartz; calcareous 
cement. 

Summerville Formation: 
Sandy siltstone: Pale-brown (5YR 5/2); calcareous 

cement. 
Sandstone: Very pale orange (10YR 8/2); very fine 

grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandy siltstone: Pale-brown (5YR 5/2); calcareous 
cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); calcar
eous cement. 

Entrada Sandstone: 
Middle member: 

Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 
calcareous cement. 

Silty sandstone: Moderate-reddish-orange (lOR 6/6); 

QUATERNARY: 
Alluvium: 

Sand: Light-brownish-orange (5YR 7/4); very fine to 
medium-grainedj well-sorted; composed of rounded 
to subangular, clear, stained, and frosted quartz; rare 
dark accessory minerals; weakly cemented, calcare
ous. 

Sand: Moderate-reddish-orange (lOR 6/6); very fine 
to medium-grained; silty; poorly sorted; composed 
of rounded to subangular, clear and stained quartz; 
rare dark accessory minerals; common fragments 
of micaceous siltstone; weakly cemented, calcare
ous. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formati,?n: , 

Sandy siltstone and mudstone: Silt, clay, and very fine 
to medium-grained sand; composed of rounded to sub
angular, clear and stained quartz; rare mica and 
dark accessory minerals; weakly cemented, calcare
ous. 

QUATERNARY: 
Alluvium: 

Sand: Light-brown (5YR 6/4); very fine to medium
grained; fair-sorted; composed of well-rounded to 
subangular, clear, stained, and frosted quartz; 
common limonite and rare dark accessory min .. 
erals; weakly cemented, calcareous and ferrugi
nous. 
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rounded to subangular, clear, stained, and frosted 
quartz; common dark accessory minerals; weakly 
cemented, calcareous. 

260 Sandstone: Same as from 260 to 300 feet; siliceous 
cement. 

Sandstone: Same as from 260 to 300 feet. 
9K-219 

8-7.70-13.90 

80 

210 

rounded to subangular, clear and stained quartz; rare 
dark accessory minerals; common limonite stain; 
common micaceous siltstone fragments; weakly ce
mented J calcareous and ferruginous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; fair-sorted; composed of 
subrounded to subangular, clear and stained quartz; 
rare dark accessory minerals; weakly cemented, 
calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4 to lOR 
7/4); very fine to fine-grained; silty; poorly sorted; 
composed of subrounded to subangularJ clear and 
stained quartz; rare dark accessory minerals; weak
ly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of subrounded 
to subangular, clear and stained quartz; rare dark 
accessory minerals; weakly cemented, ·calcareous. 

No samples. 
9T-214 

8-12.80-7.35 

silt to very fine grained sand; well-sorted; calcar
eous cern ent. 

Lower member: 
Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 

30 II calcareous cement. 
UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 
40 II Sandy siltstone: Pale-reddish-brown (lOR 5/4); frag-

ments of very light gray (N 8) very fine grained sand
stone; calcareous cement. 

60/1 Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 
fragments of very light gray (N 8) very fine grained 
sandstone; calcareous cement. 

80 II JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
130/1 to fine-grained; well-sorted; small fragments of 

siltstone; calcareous cement. 
Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

140 grained; well-sorted; calcareous cement. 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

220 fine grained; well-sorted; calcareous cement. 
Silty sandstone: Moderate-orange-pink (lOR 7/4); silt 

240 to very fine grained sand; well-sorted; calcareous 
cement. 

Silty sandstone: Pale-reddish-brown (lOR 5/,,); silt 
to very fine grained sand; well-sorted; calcareous 

270 II cement. 

9K-221 
9-3.60-7.80 

No samples. 

JURASSIC AND TRIASSIC(?): 
NavajO Sandstone: 

Sandstone: Pale-greenish-yellow (lOY 8/2); very fine 
to fine-grained; poorly sorted; composed of sub
rounded to subangular, clear and frosted quartz; 
rare feldspar, mica, and red accessory minerals; 

10 I , 10 II weakly cemented, calcareous. 
Sandstone: Very pale orange (10YR 8/2), pale-green

iSh-yellow (lOY 8/2), and grayish-red (lOR ,,/2); 
very fine to medium-grained; well-sorted; composed 
of subrounded to 9ubangular, clear and stained 
quartz; rare dark accessory minerals; rare argil-

10 I 20/1 laceous material; common mudstone pellets; weakly 
cemented, calcareous and argillaceous. 

Sandstone: Very pale orange (lOYR 8/2); very fine 
to medium-grained; some silt; fair-sorted; com
posed of rounded to subangular, clear and stained 
quartz; common dark accessory minerals; weakly 
cemented, calcareous. 

40 I 601\ No samples. 

10 

9T-220 
9-5 .. 50-3.10 

UPPER AND MIDDLE JURASSIC: 

10 

Carmel Formation: 
Sandy siltstone: Pale-reddish-brown (lOR 5/4); silt 

and very fine to medium-grained sand; composed of 
well-rounded to subrounded, clear and stained quartz; 
common mica and rare dark accessory minerals; 
common argillaceous material; weakly cemented, 
calcareous. 
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UPPER ,JURASSIC: 
Entrada Sandstone: 

Silty sandstone: PalP-l'eddish-hrown (lOR 5/4); silt to 
Inediu1l1-grained sand; poorly sorted; cOlnposed of 
well-rounded to subrounded , clear and stained quartz; 
rare ll1ica and dark accessory minerals; con1man 
argillaceous 111at('l1;ial and siltstone fragments; weakly 
cemented, calcareous. 

UPPEl{ JURASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
Sandstone: Pale-red (jOH 6/2); very fine to fine

grained; silty; fair-sorted; composed of quartz; 
calcareous celnent. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to mediun1-grained; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-orange-pink (jOR 8/2); very fine 
to 111ediulu-grained; silty; fair-sorted; cOlnposed of 
quartz; calcareous cement. 

Sandy siltstone: Grayish-orange-pink (5YR 7/2); cal
careous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to mediun1-grainecl; silty; poorly sorted; cOlnposed 
of quartz; calcareous cement. 

Sandy siltstone: Grayish-orange-pink (5YR 7/2); cal
careous cen1ent. 

Bluff Sandstone: 
Sandstone: Pinkish-gray (5YR 8/1);, very fine to fine

grained; silty; fair-sorted; composed of quartz; cal
careous celnent. 

SUllunel'ville Forn1ation: 
Sandy siltstone: Grayish-orange-pink (5YH 7/2); mus

covite and biotite accessory minerals; siltstone frag
lnents; calcareous cement. 

Sandstone: Grayish-orange-pink (5YH 7/2); very fine 
to fine-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

Qt.;ATEHN~-\RY: 

~-\lluvium: 
Sand: Moderate-orange-pink (5YR 8/4); very fine to 

medium-grained; fair-sorted; composed of quartz; 
calcareous cement. 

Sand: Moderate-orange-pink (5YR 8/4); very fine to 
medium-grained; silty; fair-sorted; 
quartz; calcareous cement. 

JUHASSIC AND THIASSIC(?): 
::.Iavajo Sandstone: 

composed of 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YH 8/4); very fine 
to fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; compOsed of quartz; 

UPPER JUHASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
Sandstone: Moderate-orange-pink (lOR 7/4) to moder

ate-reddish-orange (lOR 6/6); very fine to fine
grained; silty; well-sorted; composed of subrounded 
to subangular, clear quartz; rare dark accessory 
minerals; rare argillaceous material; weakly ce
mented, calcareous. 

Summerville Formation: 
Sandstone: Moderate-orange-pink (lOR 7/4) to pale

reddish-brown (lOH 5/4); very fine to fine-grained; 
silty; well-sorted; composed of subrounded to sub
angular, clear quartz; rare dark accessory minerals; 
rare argillaceous material; rare to moderately com
mon grayish-red mudstone fragments; weakly ce
mented, calcareous. 

Sandstone: MOderate-orange-pink (lOR 7/4) to pale
reddish-brown (10H 5/4); fine- to medium-grained; 
silty; fair-sorted; composed of subrounded to sub
angular, clear and frosted quartz; rare argillaceous 
material; common grayish-red mudstone fragments; 
weakly cemented, calcareous. 
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JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pinl< (5YR 8/4) to gray
ish-orange-pink (jOR 8/2); very fine to fine-grained; 
well-sorted; composed of subrounded to subangular, 
frosted, clear, stained, and pitted quartz; common 
limonite and rare dark accessory minerals; weakly 

40 cemented, calcareous and ferruginous. 
9K-216 

20-6,45-11,00 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
to medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
50 to fine-grained; silty; poorly sorted; composed of 

quartz; calcareous cement. 
Entrada Sandstone: 

70 Sandy siltstone: Moderate-orange-pink (lOR 7/4); 
calcareous cement. 

Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 
120 calcareous cement. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
150 to medium-grained; silty; poorly sorted; composed 

of qua,rtz; calcareous cement. 
UPPER AND MIDDLE JURASSIC: 

170 Carmel Formation: 
Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 

210 calcareous cement .. 
Sandstone: Pale-reddish-brown (lOH 5/4); very fine 

to medium-grained; silty; poorly sorted; composed 
of quartz; calcareous cement. 

230 JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-reddish-orange (lOR 4/6); very 
fine to medium-grained; silty; fair-sorted; composed 

260 of quartz; calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to fine-grained; well-sorted; composed of quartz; 
280 calcareous cement. 
9h-217 

20-8 10-13 70 

Silty sand: Moderate-reddish-orange (lOR 6/6); silt 
and very fine to mediun1-grained sand; fair-sorted; 
composed of quartz; calcareous cement. 

Sand: Moderate-orange-pink (5YR 8/4); very fine to 
10 medium-grained; silty; fair-sorted; composed of 

quartz.: siltstone~ mudstone~ and limestone frag-
ments; calcareous cement. 

30 

-9K 218 
21-7 35-9 35 

calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to medium-grained; well-sorted; composed of 
quartz; calcareous cement. 

150 UPPER TRIASSIC(?): 
Kayenta For.~nation: 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
190 to coarse-grained; poorly sorted; composed of 

quartz; calcareous cement. 
UPPER THIASSIC: 

210 Wingate Sandstone: 
Lukachukai Member: 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
230 fine to medium-grained; well-sorted; composed of 

quartz; calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

250 fine to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

9T-222 
35-9.65-1,80 

40 

100 

220 

Entrada Sandstone: 
Sandstone: Moderate-orange-pink (lOR 7/4) to pale

reddish-brown (lOR 5/4); very fine to fine-grained; 
silty; well-sorted; composed of subrounded to sub
angular, clear and frosted quartz; rare dark acces
sory minerals; rare argillaceous material; bottom 
20 feet has a higher percentage of silt; weakly c e
mented, calcareous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; silty; well-sorted; composed of 
subrounded to subangular, clear and frosted quartz; 
rare dark accessory minerals; weakly cemented, 
calcareous. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine to fine-grained; silt and some medium-grained 
sand; well-sorted; composed of subrounded to sub
angular, clear and frosted quartz; rare dark acces
sory minerals; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (lOR 7/4) to pale
reddish-brown (lOR 5/4); very fine to fine-grained; 
silty; well-sorted; composed of subrounded to 
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Table 1. --Selected lithologic 10gB of well a in the Navajo and Hopi Indian Reservations, Arizona, New Merico, and Utah-Continued 

subangular, clear quartz; rare dal;k accessory miner
als; rare to common mudstone fragments; weakly ce
mented, calcareous. 

Sandy siltstone and mudstone: Pale-reddish-brown (lOR 
5/4); clay to medium-grained sand; poorly sorted; 
weakly cemented, calcareous. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; rare dark accessory 
minerals; weakly cemented, calcareous. 

No samples. 
Sandstone: Moderate-orange-pink (lOR 7/4); very fine 

to medium-grained; fair-sorted; composed of sub
rounded to subangular, clear quartz; rare to moder
ately common dark ace essor}' minerals; mudstone 
fragments; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; silty; well-sorted; composed of sub
rounded to subangular, clear quartz; rare dark acces
sory minerals; weakly cemented, calcareous. 

UPPER TRL"SSIC(? ): 
Kayenta Formation: 

Silty sandstone: Moderate-orange-pink (lOR 7/4) to 
pale-red (lOR 6/2); silt to fine-grained sand; we11-
sorted; composed of subrounded to subangular, clear 

JURASSIC AND TRIASSIC(?),AND UPPER TRIASSIC(?): 
~avajo Sandstone and Kayenta Formation undifferentiated: 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of quartz; 
calcareous cement. --_ .. _ ... _ .. -

QUATERNARY: 
Alluvium: 

Silt: Pale-red (lOR 6/2); silt and fine- to coarse
grained sand; poorly sorted; con1posed of sub angular 
to angular, clear quartz; rare feldspar accessory 
mineral; rare wood fragments and green micaceous 
material; weakly cemented, calcareous. 

Sand: Pale-red (lOR 6/2); very fine to medium-grained; 
silty; poorly sorted; composed of subrounded to angu
lar, clear, frosted, and stained quartz; rare mica, 
feldspar, limonite, and dark accessory minerals; 
weakly cemented, calcareous. 

Silt: Pale-red (lOR 6/2); silt and very fine to medium
grained sand; composed of subrounded to angular, 
clear, frosted, and stained quartz; rare dark acces
sory minerals; rare green Inicaceous material; weakly 
cemented, calcareous, 

QUATERNARY: 
Alluvium: 

Sand: Pale-reddish-brown (lOR 5/4); very fine to me
dium-grained; fair-sorted; fragments of light-gray 
(~ 7) siltstone and basaltic lava; calcareous cement. 

L PPER TRIASSIC: 
Chinle Formation: 

Lo\ver red member: 
Sandstone: Pale-t'ed (101{ 6/2); very fine to medium

grained; silty; fair-sorted; fragments of light-gray 
(N 7) siltstone; calcareous cement. 

Sandstone: Light-brownish-gray (5YR 6/1); very fine 
to medium-grained; silty; fair-sorted; fragments of 
light-gray (N 7) Siltstone; calcareous cement. 

Sandstone: Medium-light-gray (N 6); very fine to me
dium-grained; silty; fair-sorted; fragments of light
gray (N 7) siltstone; calcareous cement, 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; fair-sorted; fragments of light-gray 
(N 7) siltstone; calcareous cement. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); fair
sorted. 

Shinarump Melnber: 
Sandstone: Grayish-orange-pink (lOR 8/2); very fine 

to medium-grained; fair-sorted; composed of quartz. 
Sandstone: Pale-red (lOR 6/2); very fine to medium

grained; silty; fair-sorted; composed of quartz. 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
Sandstone: Light-brown (5YR 6/4); very fine to fine

grained; well-sorted; composed of quartz; calcareous 
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quartz; rare dark accessory minerals; weakly ce
mented, calcareous. 

450/1 UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
460 II Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to fine-grained; silty; well-sorted; composed 
of subrounded to subangular, clear quartz; rare dark 
accessory minerals; weakly cemented, calcareous. 

Sandstone: Moderate-orange -pink (5YR 8/4); very 
490 II fine to medium-grained; silty; fair-sorted; composed 
500 of subrounded to subangular, clear quartz; rare feld

spar and dark accessory minerals; weakly cemented, 
calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to medium-grained; silty; fair-sorted; composed 

530 II of subrounded to subangular, clear and stained quartz; 
rare feldspar and dark accessory minerals; rare to 
moderately common mudstone fragments; weakly 
cemented, calcareous. 

550 II Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to medium-grained; silty; fair-sorted; com
posed of subrounded to subangular, clear quartz; 
rare dark accessory minerals; rare mudstone frag
ments; weakly cemented, calcareous. 

No samples. 

9K-215 
36-10.80-11.50 

UPPER TRIASSIC(?) AND UPPER TRIASSIC: 
Kayenta Formation and vVingate Sandstone undifferentiated: 

Sandstone: Moderate-reddish-orange (lOR 6/6.); very 
fine to fine-grained; silty; fair-sorted; composed of 

40 quartz; calcareous cement. 
Sandy siltstone: Moderate-reddish-orange (lOR 6/6); 

calcareous cement. 
, __ 360 

10T-238 
53-6.75-5.80 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
No samples. 
Sandstone: Pale-red (lOR 6/2); very fine to very 

coarse grained; silty; poorly sorted; composed of 
40 II subrounded to subangular, clear, frosted, and amber 

quartz; rare feldspar, limonite, and dark accessory 
minerals; rare carbonaceous n1aterial; rare green 
micaceous material and limestone and claystone pel
lets; weakly cemented, calcareous. 

60 II Siltstone: G;ayish-pink (oR 8/2) to light-red (5R 6/6); 

80 

silt and some sand; rare green micaceous material; 
rare to common limestone fragments and pellets; 
weakly cemented, calcareous; bottom 20 feet caved 
in. 

10T-233 
70-7.05-15.30 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Moderate-orange-pink (5 YR 8/4); very 
fine to Inedium-grained; fair-sorted; cmnposed of 

20 II quartz. 
Sandstone: Moderate-orange-pink (lOR 7/4); very 

fine to coarse-grained; poorly sorted; composed of 
quartz. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to medium-grained; silty; fair-sorted; con1-

30 II posed of quartz. 
Sandy siltstone: Light-brown (5YR 6/4); fair-sorted; 

calcareous cement. 
40 II Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to medium-grained; silty; fair-sorted; calcar
eous cement, 

60 II Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; silty; fair-sorted; calcar
eous cement. 

70 II Sandstone: Moderate-orange-pink (5YR 8/4); fair-
sorted; calcareous cement. 

90 Sandstone: Moderate-reddish-orange (lOR 6/6); fair-
sorted; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); fair-
110 II sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fair-
140 sorted; calcareous cement. 
10K-234 

71-12.45-14.40 

No samples; drilling contractors changed at 1,323 
feet. 

Mudstone: Moderate-red (5R 5/4) and pale-red (5R 
6/2); silt and clay; common mica and rare dark ac
cesf30ry min.erals; common limestone pellets and 
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cement. 
Sandstone: Light-brown (5YR 6/4); very fine to medium

grained; fail'-sorted; con1posed of quartz; calcareous 
cen1ent. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; well-sorted; composed of quartz; calcareous 
Cen1(~nt . 

Sandstone: Modl'l'ate-OI'ange-pink (5YH 8/..J:); very fine 
to fine-grained; well-sorted; cOlnposed of quartz; 
caICa1'l'OUR l'C'llll'nt. 

Sandstolll': .fvlod<-'l'ate-ol'llnge-pink (5YH B(±); vcry fine 
to fine-grained; silty; fair-sorted; cOlnposed of 
quartz; calcareous cenlenL 

Siltstone: IVlodC'l'atl'-nrangl'-pink (5YR 8/4); sandy; 
calcal'pous Cl'I1H'nt. 

Sandstone: Modl'l'ate-ol'ange-pink (5YR 8/4); very fine 
to finl'-grainL'd; silty; poorly sorted; composed of 
quartz; calcareous cen1ent. 

Rock Point Mernbel': 
Siltstone: Moderate-orange-pink (5YR 8/4); sandy; 

calcareous (,L'lnent. 
Siltstone: Light-brown (5YR 6/4); sandy; calcareous 

ce111ent. 
Chinle Fonnation: 

Owl Rock Member: 
Mudstone and limestone: Pale-red (lOR 6/2) and light

p'ay (1'\ 7); silty; siltstone fragnlents; calcal'eolls 
ccn1ent. 

Mudstone and limestone: Pale-red (lOR 6/2), light-gray 
(~ 7), and grayish-red (lOR 4/2); silty; siltstone frag
r11ents; calcareous cen1ent. 

Mudstone: Pale-red (lOR 6/2) and grayish-red (lOR 
.J/2); silty; siltstone fragments; calcareous cement. 

Mudstone: Pale-red (lOR 6/2) and grayish-red (lOR 
4/2); silty; siltstone and limestone fragments; cal
careous cel11ent. 

Mudstone and siltstone: Pale-red (lOR 6/2) and grayish
red (lOR 4/2); calcareous cement. 

Petrified Forest Menlber} upper part: 
Mudstone and siltstone: Pale-reddish-brown (lOR 5/4); 

calcareous cement. 
Mudstone and claystone: Pale-reddish-brown (lOR 5/4) 

and grayish-red (lOR 4/2); limestone fragments. 
Mudstone and claystone: Pale-reddish-brown (lOR 5/4) 

and grayish-red (lOR 4/2); calcareous cement. 
Mudstone and claystone: Pale-reddish-brown (lOR 5/4) 

and grayish-red (lOR 4/2); limestone fragments; cal
careous cen1ent. 

QU,';TERi'HRY: 
Allm'ium: 

Silty sand: Pale-yellowish-brown (10YR 6/2); silt to 
medium-grained sand; fair- to well-sorted; composed 
of subrounded to angUlar, clear quartz; rare linl0nite 
and rare to moderately common dark accessory n1in
erals; rare fragments of coal and micaceous mudstone; 
weakly cen1ented, calcareous and argillaceous. 

Silt and mud: Pale-yellowish-brown (10YR 6/2); clay, 
silt~ and very fine to coarse-grained sand; poorly 
sorted; composed of rounded to angular, clear and 
an1ber quartz; rare feldspar accessory mineral; 
\\'eakly cemented, calcareous and argillaceous. 

Silty sand: Pale-yellowish-brown (lOYR 6/2) to grayish
orange-pink (5YR 7/2); silt to medium-grained sand; 
fair- to well-sorted; composed of subrounded to angu
lar, clear quartz; rare limonite, moderately common 
to absent gypsum, and rare to moderately common 
dark accessory minerals; rare fragments of coal and 
micaceous mudstone; weakly cemented, calcareous 
and argillaceous. 

Sand: Very pale orange (lOYR 8/2) to pale-yellowish
brown (10YR 6/2); fine- to coarse-grained; composed 
of subrounded to angular, clear, frosted, and amber 
quartz; rare mica, limonite, and gypsum, common 
feldspar, and moderately common dark accessory 
minerals; moderately common fragments of mudstone 
and claystone; weakly cemented, calcareous. 

Silty sand: Pale-yellowish-brown (10YR 6/2); silt to 
medium-grained sand; fair- to well-sorted; composed 

QUATERNARY: 
Alluvium: 

Sand: Pale-yellowish-brown (jOYR 6/2); fine- to me
dium-grained; silty; poorly sorted; composed of sub
rounded to angular, clear quartz; weakly cemented 1 

calcareous. 
Silty sand: Light-brown (5YR 6/4) to grayish-orange

pink (5YR 7/2); silt to fine-grained sand; fair-sorted; 
composed of subrounded to subangular, clear quartz; 
weakly cemented, calcareous. 

Silty sand: Light-brown (5YR 6/4) to grayish-orange
pink (5YR 7/2); silt to medium-grained sand; fair to 
poorly sorted; composed of subroundecl to angular, 
clear quartz; rare to absent mudstone fragments; 
weakly cemented, calcareous. 

10 

10 

50 

:30 

40 

20 

10 

60 

420 

50 

140 

30 

100 

30 

80 

50 

20 

170 

20 

10 

80 

9 

20 

20 

20 

10 

20 

70 

100 

140 

160 

170 

230 

650 

700 

840 

870 

970 

1,000 

1,080 

1, 130 

I, 150 

1,320 

fragments; weakly to firmly cemented, calcareous. 
Petrified Forest Member, Sonsela Sandstone Bed: 

Sandstone: Very light gray (N 8); very fine to medium
grained; conlposed of subrounded to subangular, 
clear quartz; rare chlorite(?) and common mica and 
feldspar accessory minerals; abundant argillaceous 
material; weakly to firmly cemented, argillaceous. 

Mudstone and claystone: Pale-red (5R 6/2); silt and 
clay; common mica accessory mineral; weakly ce
mented, calcareous. 

Mudstone: Medium-light-gray (N 6); silt and clay; 
claystone; weakly cemented, calcareous. 

Sandstone: Pale-pink-purple (5RP 7/2); very fine 
grained; arkosic; compoRed oj' subrounded to sub
angular, clear and stained quartz; common feldspar, 
mica, chlorite(?), and dark accessory minerals; 
abundant argillaceous material; weakly cemented, 
calcareous and argillaceous. 

Petrified Forest Member, lower part: 
Mudstone: Medium-red-purple (5RP 5/2) to grayish

red (lOR 4/2); silt and clay; common mica and rare 
dark accessory minerals; common limestone pellets; 
weakly to firmly cemented, calcareous. 

Mudstone: Medium-red-purple (5RP 5/2) and very 
light gray (N 8); silt and clay; micaceous; abundant 
dark accessory rninerals; bleached stringers; com
mon limestone pellets; weakly cemented. 

Lower red member: 
Mudstone: Light-bluish-gray (5B 7/1); limestone cal

cite fragments; abundant limestone pellet conglom
erate. 

Mudstone: Very dusky red (lOR 2/2) to grayish-red 
(lOR 4/2); clay, silt, and very fine grained sand 
composed of rounded to subrounded stained quartz; 
becomes sandiest toward base; common mica and 
calcite fragments; weakly cemented, calcareous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to medium-grained; some silt; composed of 
well-rounded to angular, clear and stained quartz; 
some mudstone pellets; weakly cemented, calcar
eous. 

Mudstone and siltstone: Very rale orange (lOYR 8/2), 
dark -reddish- brown (lOR 3/4), and moderate
reddish-orange (lOR 6/6); some sand; common 
mica accessory mineral in both units; weakly 
cemented. 

No samples. 

10T-242 
71-5.10-6.65 

20 
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of subrounded to angular, clear quartz; rare limo
nite, rare to absent gypsum, and moderately common 
dark accessory minerals; rare fragments of coal and 
micaceous mudstone; weakly cemented, calcareous 
and ar gillac eous . 

Sandy mud and silt: Pale-red (lOR 6/2); clay, silt, 
and fine- to coarse-grained sand; poorly sorted; 
composed of rounded to angular, clear and frosted 
quartz; rare feldspar accessory mineral; common 
calcareous material; firmly to weakly cemented, 
calcareous. 

Silty sand: Pale-yellowish-brown (lOYR 6/2); silt and 
very fine to medium-grained sand; fair- to well
sorted; composed of subrounded to angular, clear 
quartz; rare to moderately common dark accessory 
minerals; rare fragments of coal and micaceous mud
stone; weakly cemented, calcareous and argillaceous. 

Gravel and sand: Variegated; coarse-grained to gran
ule; well-rounded to angular quartz fragments; mod
erately common feldspar accessory mineral; quartz
ite, limestone, mudstone, siltstone, ferruginous, 
gypsiferous, and calcareous materials. 

Sand: Grayish-pink (5R 8/2) to pale-red (5R 6/2); 
medium to very coarse grained; poorly sorted; com
posed of subrounded to angular, clear, frosted, and 
amber quartz; common fragments of limestone, silt
stone, mudstone~ jasper, chalcedony, and chert; 
rare to moderately common feldspar and gypsum and 
common black and red accessory minerals; weakly 
cemented, calcareous. 

10K-245 
72-0.45-8.90 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation; 

Siltstone and mudstone: Pale-reddish-brown (lOR 5/4) 
to moderate-reddish-orange (lOR 6/6); clay, silt, 
and medium-grained sand composed of quartz; weak-

20 ly cemented, calcareous. 
Silty sandstone: Light-brown (5YR 6/4) to grayish

orange-pink (5YR 7/2); silt to m('dium-grained sand; 
fair to poorly sorted; composed of subrounded to 

40 angular, clear quartz; weakly cemented, calcareous. 
UPPER TRIASSIC: 

Wingate Sandstone: 
Lukachukai Member: 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
60 fine to fine-grained; silty; composed of subrounded 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

to sub~ngular, clear quartz; rare dark accessory min
erals; weakly cenlented, calcareous. 

Silty sandstone: Light-brown (5YR 6/4) to moderate
orange-pink (5YR 8/..'t.); very fine to fine-grained; fair
sorted; COlllposed of subraunded to subangular, clear 

C;PPER TRIASSIC: 
Chinle Formation: 

Lower red rnernbel': 
Siltstone: Pale-red (jOR 6/2); silt and very fine grained 

sand composed of quartz; common argillaceous mate
rial; rare blue-green micaceous siltstone fragments; 
[il'lllly celnented, calcareous and argillaceous. 

Siltstone and mudstone: Light-greenish-gray (5GY 8/1); 
silt and clay; rare gray and reddish-brown llludstone 
pellets; firmly cernented. calcareous and argillaceous. 

Siltstone and mudstone: Very light gray (N 8); silt and 
clay; rare calcite crystals; firmly cemented quartz 
aggregates; rare to absent coal fragments; firmly ce
n1ented. calcareous and argillaceous. 

Siltstone and mudstone: Pale-red (lOR 6/2) to pale-red
purple (5RP 6/2); silt and clay; comIHon al'gillaceous 
11laterial; COlnlllon gl'ayish-black (N 2) and blue-green 
mudstone fragments; finnly cemented, calcareous and 
a l' gillac eous. 

Sandy siltstone: Pinkish-gray (5YR 8/1); silt and very 
fine to medium-grained sand; poorly sorted; composed 
of subrounded to angular. clear and stained quartz; 
comInon argillaceous material; grayish-black (N 2) 
and blue-green mudstone pellets; weakly cenlented, 
calcareous and argillaceous. 

Sandy'slltstone: Grayish-orange-pink (lOR 8/2) to pale
l'ed (jOR 6/2); silt and vel'y fine to medium-grained 
sand; poorly sorted; composed of subl'ounded to angu
lar, clear and stained quartz; common argillaceous 
Inaterial; grayish-black ()J 2) and blue-green mudstone 
pellets; rare hematite spherules; weakly c errlented, 
calcal'eous and argillaceous, 

CPPEH TRL.'..SSIC: 
Chinle Formation: 

Lower red melnber: 
Siltstone and mudstone: Pale-red (5R 6/2); silt and clay; 

moderately common gypsum, l'al'e mica and dark ac
cessory minerals; rare al'gillaceous material; weakly 
cemented, calcareous and argillaceous. 

Sandy siltstone: Very light gray (N 8); silt and very fine 
to Ineclium-gl'ained sand; moderately cornmon gypsum 
accessory mineral; moderately common argillaceous 
material; wE::!akly cemented, calcareous and argilla
ceous, . 

Siltstone: Pale-red (:JR 6/2); silt; rare gypsum acces
sory mineral; blue-green and reddish-brown mudstone 
fragments; weakly cemented, calcareous. 

Siltstone: Pale-reddish-brown (lOR 5/4); silt; rare 
reddish-brown mudsto.ne fl'agments; weakly cemented, 
calcareous. 

Siltstone: Pa1e-reddish-bl'own (lOR 5/4); blue-green 
and reddish-brown mudstone fragn1ents; weakly ce
mented, calcareous. 

Siltstone: Pale-red (5R 6/2); silt; blue-green and red
dish-bro\vn mudstone fl'agInents; weakly cemented, 
calcareous. 

Siltstone: Light-bl'ownish-gt'ay (5YR 6/1); silt; rare 
argillaceous material; greenish-gray mudstone frag
ments; weakly {'enlented, calcareous and argillaceous. 

Mudstone and siltstone: Light-blUish-gray (5B 7/1); 
c lay, silt, and fine- to medium-grained sand; lime
stone and gypsum fragments; weakly cen1ented, cal
careous. 

:-io samplE:!s, 
Siltstone: Very light gray (N 8); silt; rare carbonaceous 

material; mudstone fragments; weakly cemented, cal
careous. 

Mudstone and siltstone: Light-gray (N 7); silt and clay; 
rare pyrite and dark accessory minerals; subangular 
fragments of limestone; rare coal; weakly cemented, 
calcareous. 

Mudstone and siltstone: Grayisll-purple (51' 4/2); clay, 
silt, and fine- to medium-grained sand; rare pyrite 
accessor'y mineral; subangular fragments of limestone; 
weakly cemented, calcareous. 

Shinarump Memher: 
Sandstone: Grayish-l'ed-purple (5RP 4/2); fine to 

coarse-grained; poorly sorted; composed of rounded 
to angular, clear, stained, frosted, and amber quartz; 
common mudstone and siltstone fragments; weakly ce
mented, calcareous, 

I'EltMIAK: 
De Chelly Sandstone: 

Sandstone: Dark-yellowish-orange (jOYR 6/6) to light-
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340 
and stained quartz; rare dark accessory nlineralSj 
weakly cemented, calcareous. 

Rock Point Member(?): 
No samples. 

Nazlini 2 
90-11. 50-7,15 

Shinarump Member: 
Silty sandstone: Grayish-orange-pink (lOR 8/2) to 

pale-red (lOR 6/2); silt to fine-grained sand; fair
sorted; composed of subrounded to subRngular, clear 
and stained quartz; common argillaceous material; 
dark-gray (N 3) and blue-green mudstone ~ragments 

10 II and pellets; weakly cemented, calcareous and al'gil
laceous. 

Silty sandstone: Grayish-orange-pink (jOR 8/2); silt 
30 II to fine-grained sand; fair-sorted; composed of sub

rounded to subangular, clear and stained quartz; 
rare dark accessory minerals; dal'k-gray (K 3) and 
blue-green mudstone fragments and pellets; weakly 

60 II cemented~ calcareous and argillaceous. 
PERMIAN: 

De Chelly Sandstone: 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to fine-grained; silty; well-sorted; con1posed of sub-
7011 rounded to subangular, clear and stained quartz; 

rare to absent dark accessory minerals; rare mud
stone fragments; weakly ce~ented. calcareous and 
siliceous. 

Sandstone: Grayish-orange-pink (jOR 8/2); ver)' fine 
to medium-grained; silty; fair- to \vell-sorted; com-

80 II posed of subrounded to subangular, clear and stained 
quartz; common mudstone fragments; weakly ce
mented, siliceous. 

Sandstone: Moderate-orange-pink (5YR 8/~); ,'cry 
fine to medium-grained; silty; 'fair- to well-sorted; 
composed of subrounded to subangular, clear and 
stained quartz; rare to absent Inudstone fragInents; 

100 II weakly cemented, siliceous, 
101'-239 
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brown (5YR 5/6); fine to mediUlll-grained; fair
sorted; composed of subrounded to subangular, clear 
and stained quartz; comrnon mudstone fragments; 
weakly cemented, calcareous. 

Sandstone: Moderate-reddish-orange (jOR 6/6); ,'er:' 
fine to fine-grained; silty; composed of subroundecl 
to subangular, clear and stained quartz; \Yeakl~\' ce
mented, calcareous, 

Sandstone: Light-bro\\'n (5YR 5/6); fine- to medium
grained; fair-sorted; composed of subrounded to 
subangular, clear and stainerl quartz; COInmon mud
stone fragments; weakly cenlented, calcareous. 

Sandstone: Pale-reddish-bl'o\\'n (jOR 5/-1); ver:- fine 
to medium-grained; silty; corr1posed of subroundecl 
to subangular, clear and stained qual'tz; common 
mudstone fragments; weakly ceInented, calcareous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
to mediuDl-grained; fair-sorted; con1posed of sub
rounded to subangular, clear and stainerl quartz; 
moderately comnl0n mudstone fragments; weakly 
cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2); very fine to meditun
grained; silty; fair-sorted; composed of subl'ounded 
to subangulaT. clear and stained quartz; mociel'ately 
common mudstone fragments; weakly cemented. 
calcareous. 

Sandstone: Dark-yellowish-orange (lOYR G/6): finl'
to Inediun1-grained; fair-sorted; conlposed of sub
rounded to subangular, clear anc! stainpcl quartz; 
common mudstone fragments; weakly cementt'cI, 
calcareous. 

Sandstone: Pale-red (lOR 6/2); ver,\' fine to 111cuiul11-
grained; silty; fair-sorted; composed of subrounded 
to subangular, clear and stained quartz; common 
mudstone fragments; weakly cemented, calcareous. 

Sandstone: Motlerate-reddish-ol'ange (lOR 6/6); Vl'l'y 

fine to fine-grained; silty; poorly sorted; ('ompnsl'tl 
of subrounded to subangular, cleal' and stained quartz; 
weakly cemented, calcareous. 

20 I 190 

Sandstone: Moderate-orange-pink (51'1t S;"!); ,'er." fine 
to fine-grained; silty; poorly sorted; C0111pOSetl of 
subrounded to subangular, clear quartz; ra1'(' dark 
accessory n1inerals; rare mudstone pellets; weakly 
cemented, calcareous. 

10 200 

Sandstone: Moderate-orange-pink (51'H S/4); very fine 
to medium-grained; silty; fair to poorly sorted; com
posed of subrounded to 8ubangular, clear quartz; 
rare dark accessory minerals; rarE' l11udstonl' pl'lll'ts 
and argillaceous material, ran.' to ahsent carhona
ceous material; weakly cemented. calcarl'ous and 
argillaceous. 
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QUATERNARY: 
Alluvium: 

Sandy silt: Moderate-reddish-orange (lOR 6/6); silt 
and very fine to very coarse grained sand; rare to 
absent gravel; poorly sorted; rare dark accessory 
minerals; rare argillaceous material; weakly ce-
mented, calcareous. 

Sand and gravel: Moderate-reddish-orange (lOR 6/6); 
very fine to very coarse grained; silty; composed of 

QUATERNARY: 
Alluvium: 

Silty sand: Gralish-orange-pink (lOR 8/2) and light
brown (5YR 6/4); silt to coarse-grained sand; poorly 
sorted; composed of subrounded to 8ubangular, clear, 
stained, and frosted quartz; rare dark accessory min
erals; rare chert, limestone, and argillaceous mate
rial; firmly cemented, calcareous. 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
Siltstone: Light-brown (5YR 6/4) and pale-red (lOR 

6/2); silt and very fine grained quartz sand; rare 
chert and limestone fragments; firmly cemented, 
calcareous. 

Chinle Formation: 
Owl Rock Member: 

Siltstone and mudstone: Pale-red (5R 6/2 and lOR 6/2) 
and light-brown (SYR 6/4); clay and silt; rare to ab
sent calcite crystals; rare to common chert l rare 
limestone fragments, and some light-blue-green (5BG 
6/6) mudstone fragnlents; firmly cemented, calcar
eous. 

Silty mudstone: Pale-red (5R 6/2); clay and silt; rare 
limestone fragments; calcareous cement. 

Silty mudstone: Pale-red (lOR 6/2); clay and silt; rare 
limestone fragments; calcareous cement. 

Silty mudstone: Pale-red (SR 6/2); clay and silt; rare 
to absent calcite crystals; rare to absent chert and 
rare limestone fragments; calcareous cement. 

Silty mudstone: Pale-red (lOR 6/2); clay and silt; rare 
chert and limestone fragments; calcareous cement. 

Petrified Forest Member, upper part: 
Silty mudstone: Pale-reddish-brown (lOR 5/4) and pale

red (5R 6/2); clay, silt, and rare very fine to fine
grained quartz sand; rare limestone fragments; 
calcareous cen1ent. 

Silt,}' mudstone: Pale-red (SR 6/2), grayish-red (lOR 
4/2), and pale-reddish-brown (lOR 5/4); clay, silt, 
and rare very fine to fine-grained quartz sand; cal
careous cement. 

Silty mudstone and claystone: Moderate-reddish-brown 
(lOR 4/6); clay and silt; rare limestone fragments; 
calcareous cement. 

Silty mudstone and claystone: Pale-red (lOR 6/2) and 
pale-reddish-brown (lOR 5/4); clay and silt; rare 
limestone fragments; calcareous cement. 

Silty mUdstone: Moderate-reddish-brown (lOR 4/6); 
clay and silt; calcareous cement. 

Silty mudstone and claystone: Pale-red (5R 6/2); clay 
and silt; calcareous cement. 

Silty mudstone and claystone: Pale-red (5R 6/2) to 
grayish-red (SR 4/2); clay and silt; limestone pellets 
and fragments; calcareous cement. 

Siltl mudstone and cla:ystone: Grayish-red-purple (5RP 
4/2), pale-red (SR 6/2), and grayish-red (5R 4/2); 
clay and silt; limestone pellets and fragments; cal
careous cement. 

Siltl mudstone and claystone: Pale-red-purple (5RP 
6/2) and grayish-red-purple (SRP 4/2); clay and silt; 
limestone pellets and fragments; calcareous cement. 

Petrified Forest Member, Sonsela Sandstone Bed: 
Sandstone: Light-brownish-gray (5YR 6/0; fine- to 

medium-grained; fair-sorted; composed of subround
ed to subangular, clear, stained, and frosted quartz; 
rare mica accessory mineral; common claystone frag
ments; calcareous cement. 

Silty sandstone: Light-brownish-gray (SYR 6/1), pale
reddish-brown (lOR 5/4), and pale-red-purple (5RP 
6/2); silt to medium-grained sand; poorly sorted; 
composed of subrounded to subangularl clear I stained l 
and frosted quartz; rare to absent pyrite accessory 
mineral; rare limestone and abundant claystone frag
ments; calcareous cement. 

Sandy siltstone: Pale-red (5R 6/2); silt to medium
grained sand; poorly sorted; rare limestone; calcar
eous cement. 

Silty sandstone: Pale-red (5R 6/2) and light-gray (N 7); 
silt to medium-grained sand; poorly sorted; composed 
of subrounded to angular, clear and stained quartz; 
rare mica accessory mineral; calcareous cement. 

Petrified Forest Member, lower part: 
Siltstone and mudstone: Pale-red (5R 6/2); clay, silt, 
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quartz; moderately common large hematite concre-
tions and common dark accessory minerals; common 
chalcedony pebbles; calcareous cement. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
100 Siltstone and mudstone: Grayish-red (5R 4/2) to pale-

red (5R 6/2); silt and clay; calcareous cement. 
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and very fine to medium-grained quartz sand; com
mon limestone fragments; calcareous cement. 

Sandstone: Pale-red (SR 6/1), light-greenish-gray 
(5G 8/0, and light-brownish-gray (SYR 6/0; fine-
to coarse-grained; poorly sorted; composed of sub
rounded to angular, clear quartz; rare mica acces
sory mineral; rare limestone fragments and carbona
ceous material, common mudstone and siltstone frag
ments; calcareous cement. 

Sandy siltstone: Pale-red (5R 6/2), light-greenish
gray (5G 8/0, and grayish-red-purple (SRP 4/2); 
silt to medium- grained quartz sand; rare to absent 
mica accessory mineral; rare limestone fragments, 
abundant mudstone fragments, and rare to absent 
carbonaceous material; calcareous cement. 

Siltstone and mudstone: Light-greenish-gray (5G 8/0 
and moderate-reddish-brown (lOR 4/6); clay, silt, 
and fine- to medium-grained quartz sand; rare mica 
accessory mineral; rare limestone fragments; cal
careous cement. 

Siltstone: Pale-red (5R 6/2) to grayish-red (5R 4/2); 
silt; rare limestone and mudstone fragments; cal
careous cement. 

Sandy siltstone: Pale-red (5R 6/2) to grayish-red 
(5R 4/2); silt to coarse-grained sand; poorly sorted; 
composed of subangular to angular, clear quartz; 
rare mica accessory mineral; rare micaceous silt
stone; calcareous cement. 

Silty sandstone: Pale-red-purple (SRP 6/2) to grayish
red-purple (SRP 4/2); fine- to coarse-grained; poor
ly sorted; composed of subangular to angular, clear 
quartz; rare !pica accessory mineral; rare mica
ceous siltstone; calcareous cement. 

Lower red member: 
Siltstone, mudstone, and claystone: Pale-red (5R 6/2) 

to grayish-red (5R 4/2); clay, silt, and rare to com
mon fine- to coarse-grained quartz sand; rare lime
stone and micaceous siltstone fragments; calcareous 
cement. 

Sandy siltstone: Grayish-red (5R 4/2); silt to medium
grained sand; poorly sorted; composed of subround
ed to angUlar, clear quartz; mudstone fragments; 
calcareous cement. 

Siltstonel mudstone l and claystone: Grayish-red 
(5R 4/2), light-greenish-gray (SG 8/1), and grayish
red-purple (5RP 4/2); clay and silt; rare limestone 
fragments; calcareous cement. 

Sandstone: Pale-red (SR 6/2); very fine to fine
grained; poorly sorted; composed of subrounded 
to subangular, clear and stained quartz; rare mica 
accessory mineral; rare limestone fragments and 
common siltstone and mudstone fragments; calcar
eous cement. 

Siltstone and mudstone: Pale-red (5R 6/2), light
greenish-gray (SG 8/1), and pale-reddish-brown 
(lOR 5/4); clay, silt, and rare to common very 
fine to medium-grained quartz sand; rare mica 
accessory mineral; rare limestone; calcareous 
cement. 

Shinarump Member: 
Silty sandstone: Pale-red (lOR 6/2); very fine to 

very coarse grained; poorly sorte~; composed of 
subrounded to angular, clear and stained quartz; 
rare mica and rare to absent pyrite accessory 
minerals; rate hematite spherules; common silt
stone and mudstone fragments; calcareous cement. 

Sandstone: Very light gray (N 8); fine- to medium
grained; fair- to well-sorted; composed of sub
angular to angular, clear quartz; rare pyrite 
accessory mineral; rare hematite spherules; rare 
siltstone and mudstone fragments; calcareous ce
ment. 

Silty sandstone: Pinkish-gray (5YR 8/0; very fine 
to medium-grained; fair-sorted; composed of sub
rounded to angular, clear and frosted quartz; cal
careous cement. 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Very pale orange (lOYR 8/2); fine- to 
medium-grained; well-sorted; composed of sub
rounded to angular, clear quartz; weakly cemented, 
calcareous. 

No samples. 
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Table 1. --Selected lithologic 10g8 of weils in the Navajo and Hopi Indian Reservations. Arizona, Ne .... Mex!.co, and utah-Continued 

QUATERNARY: 
z\lluvium: 

Sand: Grayish-orange-pink (5YR 7/2); fine- to coarse
grained; poorly sorted; lin1estone fragments; calcar
eous cement. 

Sand: Pinkish-gray (5YR 3/1) and light-gray (N 7); fine
to coarse-grained; silty; poorly sorted; basalt and 
claystone fragments; calcareous cen1ent. 

Sand: Grayish-orange-pink (5YR 7/2); fine- to coarse
grained; fair-sorted; basalt fragments; calcareous 
cement, 

1;PPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, Sonsela Sandstone Bed: 
Sandstone: Very light gray (N 8); very fine to medium

grained; well-sorted; composed of quartz; calcareous 
cement. 

Sandstone: Light-gray (N 7); very fine to coarse
grained; silty; poorly sorted; limestone fragments. 

Sandstone: Medium-light-gray (N 6); very fine to 
coarse-grained; silty; poorly sorted; limestone frag
U1ents; calcareous cement. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to coarse
grained; poorly sorted; calcareous cement. 

Petrified Forest Member , lower part: 
Silty mudstone: Pale-red-purple (5RP 6/2); fair-sorted; 

sand; calcareous cement. 
Silty mudstone: Pale-red-purple (5RP 6/2); claystone 

fragments; calcareous cement. 
Silty mudstone: Pale-red-purple (5RP 6/2); limestone 

fragments. 
Silty mudstone: Pale-red-purple (5RP 6/2); limestone 

fragments. 
Silty mudstone: Grayish-red (5R 4/2); limestone and 

claystone fragments. 
Silty mudstone: Grayish-red-purple (5RP 4/2); lime

stone and claystone fragn1ents. 
Silty mUdstone: Grayish-red (5R 4/2); limestone and 

claystone fragments. 
Silty mudstone: Pale-red (5R 6/2); calcareous cement. 
Silty mudstone: Pale-red (5R 6/2); claystone fragments; 

calcareous cement. 
Silty mudstone: Pale-red-purple (5RP 6/2); claystone 

fragments; calcareous cement. 
Lower red member: 

Sandstone: Light-brownish-gray (5YR 6/1); very fine 
to coarse-grained; silty; poorly sorted; mudstone 
and claystone fragments. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to coarse
grained; silty; poorly sorted; mudstone and claystone 
fl~agments. 

Sandstone: Pinkish-gray (5YR 8/1); fine to very coarse 
grained; silty; poorly sorted; mudstone fragments; 
calcareous cement. 

Q1;~.'o,TER:\ARY: 

:\lluvium: 
Sandy silt: Brownish-orange-pink (5YR 7/4); calcareous 

cement. 
Sand: Brownish-orange-pink (5YR 7/4); very fine to 

fine-grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

CPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
Mudstone and claystone: Ligl1t-gray (N 7) to medium

gray (N 6), 
Sandy siltstone: Pinkish-gray (5YR 8/1); calcareous 

cement. 
Sandstone: Pale-orange-brown (lOYR 7/2); very fine 

to coarse-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to 

GI'I'ER CRETACEOUS: 
Dakota Sandstone: 

Sandy silt and mudstone: Yellowish-gray (5Y 8/1) and 
medium-gray (N 5). 

"Sandstone: Yellowish-gray (5Y 8/1) and very pale 
orange (lOYR 8/2); very fine to coarse-grained; silty; 
poorly sorted; composed of quartz; mudstone frag
ments. 

I OWEH CRETACEOUS: 
Burro Canyon Formation: 

Silty mudstone: Light-greenish-gray (5GY 8/1) and 
grayish-red (5R 4/2); calcareous cement. 

Sandy siltstone: Yellowish-gray (5Y 8/1) and light
greenish-gray (5GY 8/1); sand and mudstone. 

Mudstone: Light-bluish-gray (5B 7/1) to yellowish-gray 
(5Y 8/1); sand and silt. 
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Sandstone: Pinkish-gray (5YR 8/1); very fine to fine
grained; well-sorted. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to fine
grained; silty; well-sorted. 

10 II Sandstone: Light-gray (N 7); very fine to fine-grained; 
silty; well-sorted; calcareous cement. 

Sandstone: Light-brownish-gray (5YR 6/1); fine- to 
20 II medium-grained; well-sorted; calcareous cement. 

Sandstone: Very light gray (N 8); fine- to medium
grained; well-sorted. 

30 II Shinarump Member: 
Sandstone: Light-gray (N 7); very fine to very coarse 

grained; poorly sorted; mudstone fragments; calcar
eous cement. 

Sandstone: Very light gray (N 8); very fine to medium
grained; well-sorted. 

40 II Sandstone: Pinkish-gray (5YR 8/1); fine- to coarse-
grained; fair-sorted; mudstone fragments. 

50 Sandstone: Pinkish-gray (5YR 8/1); fine- to coarse-
grained; well-sorted; mudstone fragments. 

PERMlAN: 
60 II De Chelly Sandstone: 

Sandstone: Pinkish-gray (5YR 8/1); very fine to me-
70 dium-grained; well-sorted; mudstone fragments. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to medium-grained; well-sorted; mudstone frag-

90 ments, 
Sandstone: Very pale orange (lOYR 8/2); fine- to me-

140 dium-grained; well-sorted; composed of quartz; 
mudstone fragments; calcareous cement. 

200 Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; n1ud-

210 stone fragments; calcareous cement. 
Sandstone: Very pale orange (lOYR 8/2); fine- to 

240 medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

250 Sandstone: Grayish-orange-pink (lOR 8/2); fine- to 
medium-grained; well-sorted; composed of quartz; 

260 calcareous cement. 
300 Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 

mediun1-grained; well-sorted; composed of quartz; 
310 calcareous cen1ent. 

Sandstone: Grayish-orange-pink (5YR 7/2); fine- to 
330 medium-grained; fair-sorted; cOlnposed of quartz; 

calcareous cen1ent. 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to fine-grained; well-sorted; composed of quartz; 
340 II calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); \'ery fine 
to D1ediuD1-grained; fair-sorted; composed of quartz; 

350 II calcareous cement. 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to fine-grained; well-sorted; composed of quartz; 
360 II calcareous cement. 

llK-237 
52-9.15-14.70 

coarse-grained; silty; poorly sorted; cOlnposed of 
quartz; biotite accessory D1ineral; calcareous ce
n1ent. 

10" Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to coarse-grained; silt;v; poorly sorted; composed of 
quartz; biotite accessory n1ineral; calcareous cement. 

20" PERMIAN: 
De Chelly Sandstone: 

Sandstone: Very pale orange (10YR 8/2); very fine to 
medium-grained; silty; poorly sorted; con1posed of 
quartz; calcareous cement. 

50 II Sandstone: White (N 9); very fine to fine-grained; 
silty; fair-sortl~d; composed of quartz; calcareous 

80 cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); \'erc" 

fine to n1ediuD1-grained; \veil-sorted; C0111posed of 
100 II quartz; calcareous cement. 

No samples. 
12T-312 
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(5YR 3/2); very fine to medium-grained; silty; poor
ly sorted; composed of quartz; siltstone fragments; 
calcareous cen1ent. 

Sandy siltstone: Pale-brown (5YR 5/2) and grayish
brown (5YR :3/2); sandstone and mudstone fragments; 
calcareous cement. 

Bluff Sandstone: 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to medium-grained; silty; pool'ly sorted; composed 
of quartz; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); vel'y fine 
to coarse-grained; silty; poorly sorted; composed 
of quartz; calcareous cement. 

Summerville Formation: 
Sandstone: Gruyish-arange-pink (5YR 7/2); very fine 

to medium-grained; silty; fair to poorly sorted; 

30 

10 

50 

30 

10 

60 

10 

80 

20 

40 

11l 

20 

60 

11l 

20 

20 

41l 

11l 

10 

10 

:20 

4L1 

30 

no 

180 
27 

~o 

50 

40 

~H) 

37 

390 

400 

450 

480 

490 

540 

550 

630 

650 

680 

700 

720 

780 

790 

810 

830 

Sill 

880 

880 

DOO 

1 ~(l 

16t) 

190 

~1l0 

4Hn 
317 

7HLl 

H31l 

H7Ll 

!loO 



UPPER JURASSIC: 
Morrison Formation: 

Brushy Basin Member: 
Sandy siltstone and mudstone: Light-brownish-gray 

(5YR 6/1) to light-greenish-gray (5GY 8/1), 
Siltstone and mudstone: Grayish-orange-pink (5YR 7/2) 

and light-greenish-gray (5GY 8/1), 
Siltstone and mudstone: Light-greenish-gray (5GY 8/1) 

and grayish-red (5R 4/2); silt to coarse-grained sand 
fragments; composed of quartz; poorly sorted. 

Sandstone: Yellowish-gray (5Y 8/1), light-greenish
gray (5GY 8/1), and grayish-pink (5R 8/2); very fine 
to n1E'ciiun1-graincci; poorly sorted; composed of 
quartz; siltstone and mudstone; calcareous cement. 

Mudstone and siltstone: Light-bluish-gray (5B 7/1) and 
v('r,Y light gray (N 8); sandstone fragments, 

Westwater Canyon Member: 
Sandstone: V~ry light gray (N 8); very fine to medium

grained; fair-sorted; composed of quartz; siltstone 
and mudstone fraglnents; calcareous cement. 

Salt Wash Sandstone Member: 
Sandstone: Light-brownish-gl'ay (5YR 6/1); very fine 

to nlediulll-grained; silty; poorly sorted; composed of 
quartz; siltstone fragments; calcareous cement. 

SClndstone: Very pale orange (lOYR 8/2) and grayish
l'l,d (5H 4/2); vel''y fine to coarse-grained; poorly 
sorted; C0111posed of quartz; mudstone fragments; 
calcareous cenlent. 

Sandy siltstone: Pale-brown (5YR 5/2); mudstone frag-
111Pnts; calcareolls cement. 

Sandstone: Pale-brown (5YR 5/2); very fine to medium
gl'ained; silt~~; poorly sorted; composed of quartz; 
111udstone fraglnents; calcareous cement. 

Sandy siltstone: Pale-brown (5YR 5/2); mudstone frag
ments; calcareous cement. 

Sandy siltstone: Pale-brown (5YR 5/2) and very pale 
nrange (lOYR 8/2); sandstone'and mudstone fragments; 
calcareous cement. 

Sandstone: Pale-brown (5YR 5/2) and grayish-brown 

QC:" TER"IA"RY: 
,\11 u,"iuIn: 

Silty sand: Yellowish-gray (5Y 7/2); very fine to Ine
diun1-grained; poorly sorted; composed of subrounded 
to subangular, clear quartz; rare to absent carbona
ceOus Inaterial; weakly cemented, calcareous. 

l"I'PEH JUR.-\SSIC: 
Morrison Formation: 

\\"estwater Canyon Member: 
Silty sandsto~e: Light-greenish-gray (5GY 8/0; silt to 

mcdiun1-grained sand; poorly sorted; composed of 
subrounded to subangular, clear quartz; rare to ab
sent pyrite accessory mineral; weakly cemented, cal
careous. 

Sando" siltstone: Very light gray (N 8); silt and very 
fine grained quartz sand; weakly cemented, calcare
ous. 

Silty sandstone: Pinkish-gray (5YR 8/1) and yellowish
gray (5Y 8/ j); silt to medium-grained sand; poorly 
sorted; composed of subrounded to subangular, clear 
and frosted quartz; rare mudstone fragments; weakly 
cen1pnted, calcareous. 

Sandstone: Grayish-orange-pink (5YR 7/2), very light 
gray (~8), and yellowish-gray (5Y 8/1); very fine to 
fine-grained; silty; well-sorted; composed of sub
rounded to angular, clear, stained, and frosted quartz; 
rare to absent pyrite accessory mineral; rare to ab
sent mudstone fragments; weakly cemented, calcare
ous; encountered water. 

Salt Wash Sandstone Member: 
Sandstone: Grayish-orange-pink (lOR 8/2) to pale

brown (5YR 5/2); very fine to fine-grained; silty; 
fair-sorted; composed of subrounded to subangular, 
clear, stained, and frosted quartz; common siltstone 
and mudstone fragments; weakly cemented, calcare
ous. 

Siltstone: Pinkish-gray (5YR 8/1), light-brownish-gray 
(5YR 6/0, and pale-red (lOR 6/2); silt; common mud
stone fragments; weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2); very fine to fine
grained; silty; fair-sorted; composed of subrounded 
to subangular, clear, stained, and frosted quartz; 

CPPER CRETACEOUS: 
Point Lookout Sandstone: 

Silty sandstone: Very pale orange (lOYR 8/2); silt to 
fine-grained sand; fair-sorted; composed of subround
ed to subangular, clear quartz; rare siltstone frag
ments; weakly cemented, calcareous. 

Silty sandstone: Very pale orange (10YR 8/2) to gray
ish-orange (lOYR 7/4); silt to fine-grained sand; fair
sorted; composed of subrounded to subangular, clear 
quartz; rare siltstone fragments; weakly cemented, 
calcareous. 

Silty sandstone: Yellowish-gray (5Y 7/2) to dusky
yellow (5Y 6/4); silt to fine-grained sand; fair-sorted; 
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composed of quartz; calcareous cement. 
Entrada Sandstone: 

Sandstone: Verl pale orange (lOYR 8/2), grayish
brown (5YR 3/2), and moderate-reddish-orange (lOR 

240 6/6); very fine to medium-grained; well-sorted; 
composed of quartz; mudstone fragments; calcareous 

260 cement, 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to fine-grained; silty; fair-sorted; composed of 
330 quartz; calcareous cement. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Sandstone: Light-brown (5YR 6/4); very fine to me-
350 dium-grained; silty; poorly sorted; composed of 

quartz; mudstone fragments; calcareous cement. 
370 JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to medium-grained; silty; poorly sorted; composed 
500 of quartz; mudstone fragments; calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very 
fine to fine-grained; silty; fair-sorted; composed 
of quartz; calcareous cement. 

560 Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
to fine-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

Sandy siltstone: Grayish-orange-pink (lOR 8/2); cal-
600 careous cement. 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
610 to fine-grained; well-sorted; composed of quartz; 

calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

660 fine to medium-grained; silty; fair-sorted; com
posed of quartz; calcareous cement. 

730 Sandstone: Moderate-orange-pink (5YR 8/4); very 

760 

fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 
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rare siltstone and mudstone fragments; weakly c e
rnented, calcareous. 

Siltstone: Pale-reddish-brown (lOR 5/4); silt; com
mon mudstone fragments; weakly cemented, calcar
eous, 

Sandstone: Grayish-orange-pink (5YR 7/2) and pale
orange (lOYR 7/2); fine- to medium-grained; fair
sorted; composed of subrounded to subangular, clear, 
stained, and frosted quartz; rare to cornn10n mud
stone fragments; weakly cemented, calcareous. 

Siltstone and mudstone: Grayish-red (lOR 4/2); clay 
and silt; weakly cemented, calcareous. 

Siltstone: Moderate-brown (5YR 3/4); silt and rare 
very fine grained quartz sand; rare mudstone frag
ments; weakly cemented, calcareous. 

Siltstone and mudstone: Pale-red (lOR 6/2) and gray
ish-pink (5R 8/2); clay and silt; weakly cemented, 
calcareous. . 

Sandstone: Moderate-orange-pink (lOR 7/4) to pale
reddish-brown (lOR 5/4); very fine grained; silty; 
well-sorted; composed of subrounded to angular, 
clear, stained, and frosted quartz; weakly cemented, 
calcareous. 

Sandy siltstone: Pale-red (lOR 6/2); silt and very fine 
to fine-grained quartz sand; weakly cemented, cal
careous. 

Bluff Sandstone: 
Sandstone: Moderate-orange-pink (5YR 8/4); fine

grained; well-sorted; composed of subrounded to 
subangular, clear quartz; weakly cemented, siliceous. 

No samples, 
Sandstone: Moderate-orange-pink (lOR 7/4); fine- to 

medium-grained; well-sorted; composed of sub
rounded to subangular, clear and stained quartz; 
common to absent siltstone and mudstone fragments; 
weakly cemented, calcareous. 

Summerville Formation: 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to medium-grained; well-sorted; composed of round
ed to subrounded, clear and stained quartz; rare to ab
sent hematite spherules; firmly cemented, calcareous. 

No samples, 
12T-;;21 

17-6,15-1. 20 

10 

20 

composed of subrounded to subangular, clear quartz; 
rare siltstone fragments; weakly cemented, calcar
eous. 

Silty sandstone: Yellowish-grayish-orange (lOYR 7/6); 
silt to fine-grained sand; fair-sorted; composed of 
subrounded to subangular, clear quartz; rare silt
stone fragments.; weakly cemented, calcareous. 

Silty sandstone: Yellowish-gl'ayish-orange (lOYR 7/6); 
silt to fine-grained sand; fair-sorted; composed of 
subrounded to subangular, clear quartz; rare mica 
flakes; rare siltstone fragments; weakly cemented, 
calcareous. 

Silty sandstone: YellOWish-gray (5Y 7/2); silt to fine-
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

grained sand; fair-sorted; composed of subrounded to 
subangular, clear quartz; rare mica flakes; rare silt
stone fragments; weakly cemented, calcareous. 

Siltstone: Medium-light-gray (N 6); silt and fine-grained 
quartz sand; rare mica accessory mineral; weakly ce
mented, calcareous. 

Silty sandstone: Yellowish-gray (5Y 7/2); silt to fine
grained sand; fair-sorted; composed of subrounded to 
subangular, clear quartz; rare mica accessory miner
al; rare siltstone fragments; weakly cemented, cal
careous, 

Silty sandstone: Yellowish-gray (5Y 7/2) and grayish
yellow (5Y 8/4); silt to fine-grained sand; fair-sorted; 
composed of subrounded to subangular, clear quartz; 
rare mica accessory mineral; rare siltstone frag
ments; weakly cemented, calcareous. 

Silty sandstone: Very light gray (N 8); silt to very fine 
grained sand; fair to poorly sorted; composed of sub
angular to angular, clear quartz; rare mica accessory 

QUATERNARY: 
Alluvium: 

Sand: Grayish-yellow (5Y 8/4) to yellowish-gray (5Y 
7/2); silt to medium-grained sand; poorly sorted; 
composed of subrounded to subangular, clear quartz; 
rare dark accessory minerals; common to absent 
quartzite gravel; weakly cemented, calcareous. 

Sand: Light-olive-gray (5Y 6/1); silt to coarse-grained 

UPPER CRETACEOUS: 
Mane as Shale: 

Mudstone: Yellowish-gray (5Y 7/2); clay and silt; com
mon mica accessory mineral; firmly cemented, cal
careous. 

Mudstone and siltstone: Medium-light-gray (N 6) to 
medium-dark-gray (N 4); clay and silt; common mica 
accessory mineral; weakly cemented, calcareous. 

Sandstone: Very light gray (N 8); very fine to fine
grained; silty; poorly sorted; composed of rounded to 
subrounded, clear quartz; abundant mica and common 
dark accessory minerals; weakly to firmly cemented, 
argillaceous and calcareous. 

Mudstone: Medium-light-gray (N 6) to medium-dark
gray (N 4); clay and silt; common mica accessory 
mineral; firmly cemented, calcareous. 

Mudstone: Medium-dark-gray (N 4); clay and silt; com
mon mica and gypsum accessory minerals; firmly ce-
mented, calcareous. . 

Mudstone: Very light gray (N 8) to medium-dark-gray 
(N 4); clay and silt; common mica, bentonitic clay, 
and gypsum accessory minerals; firmly cemented, 
calcareous. 

Silty sandstone: Medium-gray (N 5); silt to fine-grained 
sand; poorly sorted; composed of subrounded, clear 
quartz; common mica accessory mineral; weakly ce
mented, calcareous. 

Mudstone: Medium-dark-gray (N 4); clay and silt; com
mon mica and gypsum accessory minerals; firmly ce
mented, calcareous. 

Sandstone: Light-gray (N 7); very fine to medium-

QUATERNARY: 
Alluvium: 

Clay: Silty and sandy. 
Sand: Yellowish-gray (5Y 8/1); fine- to coarse-grained; 

composed of quartz; basalt, jasper, garnet, monzonite, 
magnetite, and fragments of igneous rocks; calcareous 

UPPER CRETACEOUS: 
Mancos Shale (upper part): 

Sandy siltstone: Yellowish-gray (5Y 7/2); silt to fine
grained sand; composed of subrounded to subangular, 
clear and stained quartz; common mica and rare gyp
sum accessory minerals; rare argillaceous material; 
weakly cemented, calcareous and argillaceous. 

Siltstone: Medium-light-gray (N 6); silt; common mica 
and rare gypsum and dark accessory minerals; rare 
to absent carbonaceous material and mUdstone and 
limestone fragments; rare argillaceous material; 
weakly cemented, calcareous and argillaceous. 

Gallup Sandstone: 
Sandstone: Light-gray (N 7); fine- to coarse-grained; 

poorly sorted; composed of subrounded to subangular, 
clear quartz; rare dark accessory minerals; weakly 
cemented, calcareous. 

Sandy siltstone: Light-gray (N 7); silt and very fine to 
medium-grained sand; composed of rounded to sub-
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mineral; weakly cemented, calcareous. 
Silty sandstone: Very light gray (N 8); silt to fine

grained sand; poorly sorted; composed of subangular 
to angular, clear quartz; rare mica accessory min
eral; rare to absent mudstone fragments; weakly 
cemented, calcareous. 

Sandstone: Very light gray (N 8); fine-grained; fair
sorted; composed of subangular to angular, clear 
quartz; rare pyrite and mica accessory minerals; 
common mudstone and siltstone fragments; firmly 
cemented, calcareous. 

Silty sandstone: Very light gray (N 8); very fine 
grained; poorly sorted; composed of subangular to 
angular, clear quartz; rare mica accessory mineral; 
weakly cemented, calcareous. 

Mane os Shale: 
Siltstone and mudstone', Very light gray (N 8); clay, 

silt, and fine-grained quartz sand; firmly cemented, 
calcareous. 

I2T~22 
17'-3.65-17.05 

sand; poorly sorted; composed o~ subrounded to angu-
lar, clear and frosted quartz; common to absent vol-
canic fragments; weakly cemented, calcareous. 

UPPER CRETACEOUS: 
Mane os Shale: 

Siltst one and mud st one: Medium-gray (N 5); clay and 
30 silt; weakly cemented, calcareous. 

4 ",.-,.- "'4 

18-7.80-3.60 

grained; silty; poorly sorted; composed of subround
ed to subangular, clear quartz; cqmmon mica acces
sory mineral; weakly cemented, calcareous. 

Mudstone: Medium-gray (N 5); clay and silt; common 
2011 mica accessory mineral; weakly cemented, calcare

ous. 
Dakota Sandstone: 

150 II Sandy siltstone: Medium- gray (N 5); silt and very fine 
to medium-grained sand; composed of subrounded to 
subangular, clear quartz; common mica accessory 
mineral; weakly cemented, calcareous. 

Sandstone: Very light gray (N 8); very fine to medium-
180 II grained; silty; poorly sorted; composed of rounded 

to subrounded, clear quartz; common mica and rare 
feldspar and dark accessory minerals; weakly ce-

230/1 mented, calcareous. 
Mudstone: Medium-gray (N 5); clay and silt; common 

mica and gypsum accessory minerals; weakly ce-
650 II mented, calcareous. 

Sandstone: Very light gray (N 8); very fine to medium
grained; well-sorted; composed of subrounded to 
subangular, clear quartz; rare feldspar and common 

660 II pyrite accessory minerals; weakly cemented, cal
careous. 

LOWER CRETACEOUS: 
Burro Canyon Formation: 

670 II Sandy siltstone: Light-greenish-gray (5G 8/1); silt to 
fine-grained sand; composed of subrounded, clear 
quartz; common mica accessory mineral; common 

690 II argillaceous material and calcite fragments; weakly 
cemented, argillaceous and calcareous. 

12K-3l9 
18-1. 45-10. 40 

cement. 
Gravel: Fragments of igneous rocks, sandstone, and 

claystone. 
Sand: Yellowish-gray (5Y 8/1); fine- to coarse-

grained; composed of quartz; fragments of igneous 
rocks, garnet, basalt, magnetite, and jasper. 

l2K-320 
32-13.20-13.05 

20 

460 

470 

UPPER JURASSIC: 
Morrison Formation: 

Brushy Basin Member: 
Sandstone: Light-olive-gray (5Y 6/1); very fine to 

coarse-grained; silty! poorly sorted; composed of 
subangular to angular, clear quartz; rare mica, gyp
sum, pyrite, and limonite, and rare to absent dark 
accessory minerals; rare limestone fragments and 
common coal fragments; weakly cemented, calcare
ous. 

Sandstone: Pale-yellowish-brown (10YR 6/2); very 
fine to medium-grained; poorly sorted; composed of 
subangular to angular, clear and stained quartz; rare 
mica, gypsum, pyrite, and dark accessory minerals; 
common silt and clay fragments and moderately com
mon coal fragments; weakly cemented, calcareous. 

Sandstone: Very light gray (N 8) to medium-light-gray 
(N 6); very fine to medium-grained; silty; poorly 
sorted; composed of subangular to angular, clear and 
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angular, clear quartz; common mica accessory min
eral; rare to common argillaceous material; weakly 
cemented, calcareous and argillaceous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of SUbl'oLlndpd 
to subangular, clear quartz; rare dark aCCf'SSol'y nlin
crals; weakly cl'n1cnted, calcareous and argillaceous. 

Mancos Shale (low,,!' part): 
Sandy siltstOll<': Light-gl'ay (N 7); silt and vel'y fine to 

fine--grailll'>d sand; l'ompospd of subrounde-d to sub
angular, cit'ar qunl'tz~ COlTImOn mica accessory min
l'ral; wl'akly l'l~lnent ed, calcareous. 

Siltstol1t' and 'mudstone: Medium-gray (N 5); clay and 
silt; l'Olumon InlL'u and rare to absent pyrite and gyp
sum Ul'l'PSSOl',v Inincl'uls; \\lpakly celnented, calcare
ous. 

No sn mpll'>s. 
Siltstone: Light-gl'ay (N 7) to medium-light-gray (N 6); 

silt and vpry fine to fine-grained sand; ral'l' mica and 
dark <'H'cl'ssor,Y minerals; weakly cemented, calcare
ous. 

Siltstone: Whitt' (N 9) to dark-gray (N 3); silt and very 
filH' to finC'-gl'aitll'd sand; moderately C01nn10n to ab
spnt gypsum and rare Inicu and dark accessory Inin
l'l'als; ral'l' firn1ly cemented quartz aggrpgates; weak
ly l'l'l1H'ntl'd, calcureous. 

Siltstone: J.ight-gr:l)' (N 7) to dark-gray (N 3); clay and 
silt; I'i.u'e dark accessory minerals; weakly cenll~nted, 
calcal'eous. 

Dakota Sandstone: 
Siltstone': Medium-gray (N 5) to medium-clark-gray 
(~ , .. 1); clay and silt; 1110derately common gypsum and 
1'i.11'L' dark aCCl'SSOl'Y lninerals; rare pyrite with well
dl'vplopC'd crystals; weakly cemented, calcareous. 

Silt), sandstone: Medium-light-gray (N 6) to medium
~l'ay (~ 5); vel';; fine to medium-grained; fair-sorted; 
cOlnposed of subrounded to subangular, clear quartz; 
mocil'l'utel;v COllU110n n1ica and dark accessory minerals; 
weakly cnnented, calcareous. 

SandstC:ne: Yellowish-gray (5Y 7/2); fine- to medium
g·l'ained; well-sorted; composed of subrounded to sub
angular, clear qual'tz; rare mica, feldspar, and py
l'itp, and 1110dprately conlmon dark accessory minerals; 
\\,pakl~- cenH"ntC'd, calcareous and ferruginous. 

Sandstone: Yellowish-gray (5Y 7/2) to pale-yellowish
bl'own (IOYR 6/2); fine- to coarse-grained; fair to 
poorly sorted; cOlnposed of subrounded to subangular, 
clear quartz; rare to common pyrite, and rare mica, 
lill1onite, and dark accessory minerals; common clay
stnne and siltstone fragments and rare to absent carbo
naceous ll1aterial; weakly cemented, calcareous and 
ff'rruginous. 

(,la)'(')" siltstone: \I'hite (N 9) to grayish-black (N 2); 
clay, silt, and \·er~· fine to medium-grained sand; 
pOOl'ly sorted; cOlnposed of subrounded to angular, 
clear quartz; rare mica and gypsum and rare to ab
sent pyrite accessory minerals; common coal 
fragments; weakly cemented, calcareous and 
3.rgillaceous. 

l'PPER (,RETACEODS: 
Mancos Shale (lower part): 

Siltstone: Light-gray (N 7); sandy; common mica ac-
cessory mineral; rare selenite crystals; calcareous 
cement; common white (N 9) clay fragments from 620 
to 670 feet, 

Sandstone: Light-gray (N 7); medium-grained; well-
sorted; composed of subangular to angular, clear and 
frosted quartz; rare pyrite accessory mineral; rare 
iron stain; rare white (N 9) clay fragments and abun-
clant dark-gray (N 3) siltstone fragments; quartz grains 
have crystal ~aces; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); 

~L"TER:\ARY: 
,"lluvium: 

sandy; common mica ac-

Sand: MOderate-orange-pink (5YR 8/4); silt to granule; 
poorly sorted; composed of frosted quartz; black ac
cessory minerals; calcareous cement. 

CPPER .JURASSIC: 
.:\1orrison Formation: 

Recapture Shale Member: 
Sandstone: Pale-red (lOR 6/2); silt to coarse-grained 

sand; poorly sorted; composed of subrounded to sub
angular, frosted quartz; abundant black accessory 
minerals; rare brown mudstone fragments; calcareous 
cement. 

Sandstone: Pale-red (lOR 6/2); fine- to coarse-grained; 
composed of subangular to angular chert, quartz, jas
per, and limestone; common black accessory miner
als; common iron-ore pellets; calcareous cement. 

Granule conglomerate: Grayish-red (lOR 4/2) and pink
ish-gray (,'iYR 8/ l); medium-grained sand to granule; 
composed of angular chert, quartz I limestone, and 
sandstonf' in siltstone matrix; cal~areous cement. 
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stained quartz; rare mica, pyrite, and limonite ac
cessory minerals; moderately common coal frag
ments; weakly cemented, calcareous. 

Sandy siltstone and mudstone: Light-gray(N 7) to medi
um-light-gray (N 6); day, silt, and very fine to coarse
grained sand; poorly sorted; composed of subrounded 
to subangulal', clear quartz; rare to common gypsum, 
moderately common pyrite J and rare lirnonite acces
sory minerals; common coal fragIllents; weakly ce
mented, calcareous and argillaceous. 

Westwater Canyon Member and Recapture Shale Member 
undifferentiated: 

Sandstone: Light-alive-gray (5Y 6/1) to pale-yellow ish
brown (HlYR 6/2); very fine to medium-grained; poorly 
sorted; composed of rounded to angular, clear, frost
ed, and stained quartz; rare gypsum and common mi
ca, pyrite, limonite, and dark ac('essory minerals; 
common coal fragments; weakly cemented, calcare
ous and ferruginous. 

Sandstone: Moderate-yellowish-brown (lOYH 5/4); very 
fine to coarse-grained; poorly sorted; composed of 
rounded to subangular, clear, stained, and amber 
quartz; common pyrite, limonite, and dark aecessoI'y 
minerals; moderately common siltstone and lime
stone fragments and carbonaceous material; weakly 
cemented, calcareous and ferruginous. 

Sandstone: Pale-yellowish-hrown (10YR 6/2) to yellow'
ish-gray (5Y 7/2); very fine to coarse-grained; fair 
to poorly sorted; composed of subangular to ,angular, 
clear and stained quartz; rare mica, gypsum, pyrite, 
and dark accessory minerals; common silt and clay 
fragments and moderately common coal fragments; 
weakly cemented, calcareous. 

Sandstone: Grayish-yellow (5Y 8/4) to yellowish-gray (5Y 
7/2); very fine to coarse-grained; poorly sorted; com
posed of rounded to subangular, clear and frosted 
quartz; rare feldspar and common pyrite, limonite, 
and dark accessory minerals; rare chert and common 
limestone and mudstone fragments; weakly cemented, 
calcareous. 

Sandy siltstone and mUdstone: Pinkish-gray (5YR 8/1) 
to light-greenish-gray (5G 8/1); silt and fine- to 
coarse-grained sand; poorly sorted; composed of 
rounded to subangular, clearJ stained, and frosted 
quartz; common pyrite and rare dark accessory min
erals; common argillaceous material; firmly ce
mented, argillaceous and calcareous. 

70 1,450 

Sandstone: Pale-yellowish-brown (lOYR 6/2); very fine to 
medium-grained; fair- to well-sorted; composed of sub
rounded to angular, clear and stained quartz; rare feld
spar and pyrite, and common limonite and dark acces
sory minerals; common mudstone fragments; weak
ly cemented, calcareous. 

Cow Springs Sandstone: 

20 1,470 

Sandstone: Pale-yellowish-orange (lOYR 8/6); fine- to 
medium-grained; fair-sorted; composed of subround
ed to angular, clear and stained quartz; rare feldspar 
and common dark accessory minerals~ ('ommon mud
stone fragments; weakly cemented, calcareous. 
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cessory mineral; rare selenite crystals; calcareous 
cement. 

Dakota Sandstone: 
Sandstone: Very light gray (N 8); fine- to medium-

grained; well-sorted; composed of subangulal' to 
670 angular, stained and frosted quartz; rare pyrite 

accessory mineral; rare dark-gray (N 3) siltstone 
fragments, and abundant white (N 9) clay fragments 
and iron-cemented aggregates, 

Siltstone: Light-gray (N 7); sandy; common mica ac-
cessory mineral; rare selenite crystals; calcareous 

680 cement. 

12T-323 
34-1. 50-10, 00 
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Sandstone: Grayish-red (lOR 4/2); fine- to medium
grained; fair-sorted; composed of subangular to 
angular, frosted quartz; common Inica and abundant 
dark accessory minerals; calcareous cenlent. 

Salt Wash Sandstone Member: 
Sandstone: Grayish-red (lOR 4/2) and white (N 9); 

fine- to coarse-grained; silty; fair to poorly sorted; 
composed of subangular to angular quartz; abundant 
dark-brown siltstone fragments; some horizons 
mostly dark-brown siltstone; calcareous cen1ent. 

Sandstone: White (N 9); medium-grained; composed 
of subangular to angular, clear and frosted quartz; 
common red and amber accessory minerals; abun
dant dark-brown and greenish-gray siltstone frag
ments; some recrystallization of quartz-crystal 
faces apparent on quartz grains. 

Granule conglomerate: Light-gray (N 7); fine-grained 
sand to granule; poorly sorted; composed of subangu
lar to angular quartz, chert, and limestone; abundant 
dark-brown and greenish-gray siltstone fragments; 
rare feldspar crystal; more siltston{' fragments near 
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Table 1. --Selected lithologic logs of weUa in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, lind Utah-Cont1nued 

bottom; calcareous cement. 
Bluff Sandstone: 

Sandstone: Grayish-orange-pink (lOR 8/2), moderate-
orange-pink (lOR 7/4), and grayish-red (lOR 4/2); 
fine-grained, rare coarse grains; fair- to well-sorted; 
composed of rounded to subangular, clear and frosted 
quartz; common siltstone fragments. 

Summerville Formation: 
Sandstone: Orange-pink (lOR 8/4); medium-grained; 

well-sorted; composed of subrounded to subangular, 

UPPER CRETACEOUS: 
Menefee Formation: 

Sandstone: Yellowish-gray (5Y 7/2) to grayish-yellow 
(5Y 8/4); very fine to very coarse grained; silty; poor
ly sorted; composed of quartz; limonite accessory 
mineral; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2) to grayish-yellow 
(5Y 8/4); very fine to very coarse grained; silty; poor
ly sorted; composed of quartz; limonite accessory 
mineral; siltstone and mudstone; calcareous cement. 

Sandy siltstone: Yellowish-gray (5Y 7/2) to grayish
yellow (5Y 8/4); biotite and limonite accessory miner
als; mudstone; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2) to grayish-yellow 
(5Y 8/4); very fine to fine-grained; silty; poorly 
sorted; composed of quartz; mudstone, siltstone, and 
coal fragments; calcareous cement. 

Sandy siltstone: Light-gray (N 7) to medium-gray (N 5); 
mudstone; calcareous c ernent. 

Sandstone: Very light gray (N 8) to yellowish-gray (5Y 
8/1); very fine to fine-grained; silty; fair to poorly 
sorted; composed of quartz; fragments of carbona
ceous material; calcareous cement. 

Siltstone and mudstone: Light-gray (N 7), medium-gray 
(N 5), and black (N 1); biotite accessory mineral; coal; 
calcareous cement. 

Siltstone and mudstone: Light-gray (N 7) and medium
gray (N 5); biotite accessory mineral; calcareous ce
ment. 

Siltstone and mudstone: Light-gray (N 7), medium-gray 
(N 5), and black (N 1); biotite accessory mineral; coal; 
calcareous cement. 

Sandsfone: Light-gray (N 7), medium-gray (N 5), and 
black (N 1); very fine grained; silty; poorly sorted; 
composed of quartz; biotite accessory mineral; mud
stone and siltstone fragments; calcareous cement. 

Mudstone and siltstone: Medium-gray (N 5) to black 
(N 1); biotite accessory mineral; coal; calcareous 
cement. 

Siltstone and mudstone: Medium-gray (N 5) to black 
(N 1); carbonaceous. 

Siltstone and mudstone: Medium-gray (N 5) to black 
(N 1); coal; calcareous cement. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine grained; silty; poorly sorted; composed of 
quartz; siltstone and mudstone fragments; calcareous 
cement. 

Siltstone and mudstone: Medium-gray (N 5); biotite ac
cessory mineral; coal fragments; calcareous cement. 

Sandstone: Very light gray (N 8) and medium-gray (N 5); 
very fine grained; silty; poorly sorted; composed of 
quartz; siltstone and mudstone fragments. 

Siltstone and mudstone: Medium-gray (N 5); biotite ac
cessory mineral; coal fragments; calcareous cement. 

Sandstone: Very light gray (N 8) and medium-gray (N 5); 
very fine to fine-grained; silty; fair to poorly sorted; 
composed of quartz; biotite accessory mineral; silt
stone and mudstone fragments; calcareous cement. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to medium-grained; silty; poorly sorted; 
composed of quartz; siltstone and mudstone; quartz 
pebbles; calcareous cement. 

Mudstone and siltstone: Medium-gray (N 5); biotite ac
cessory mineral; coal fragments; calcareous cement. 

Sandstone: Light-gray (N 7) to medium-gray (N 5); very 
fine to fine-grained; silty; poorly sorted; composed of 

UPPER CRETACEOUS: 
Mancos Sbale (lower part): 

Silty claystone: Light-olive-gray (5Y 6/1). 
Clayey siltstone: Greenish-gray (5G 6(1). 
Silty claystone: Dark-greenish-gray (5G 4/1). 
Silty claystone: Greenish-gray (5G 6/1); soapy feel. 

Dakota Sandstone: 
Siltstone: Medium-light-gray (N 6). 
Sandstone: YellOWish-gray (5Y 8/1); fine-grained; weU

sorted; siltstone. 
Sandstone: Very light gray (N 8); medium-grained; 

fair- sorted; siltstone. 
Silty claystone: Medium-gray (N 5). 
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360 stained and frosted quartz; common dark accessory 
minerals; common brown siltstone fragments; weak-
ly cemented, calcareous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine-
to coarse-grained; fair-sorted; composed of rounded 
to angular J stained and frosted quartz; common 

400 brown siltstone fragments. 
Todilto Limestone: 

Limestone: Medium-light-gray (N 6); dense. 
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quartz; siltstone and mudstone fragments; calcareous 
cement. 

Siltstone and mUdstone: Light-gray (N 7) to medium
gray (N 5); biotite accessory mineral; sandstone 
fragments; calcareous cement. 

Siltstone and mudstone: Light-gray (N 7), medium
gray (N 5), and black (N 0; biotite accessory min
eral; coal fragments; calcareous cement. 

Siltstone and mudstone: Light-gray (N 7) to black (N 1); 
biotite accessory mineral; coal fragments; calcare
ous cement. 

Siltstone and mudstone: Light-gray (N 7) to black (N 1); 
fragments of quartz sand, very fine to medium
grained, silty, fair-sorted; coal fragments; calcar
eous cement. 

Mudstone and siltstone: Medium-light-gray (N 6) to 
medium-gray (N 5); calcareous cement. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to fine-grained; fair-sorted; composed of 
quartz; mudstone and siltstone fragments; calcareous 
cement. 

Mudstone and siltstone: Medium-gray (N 5); biotite 
accessory mineral; sandstone fragments; calcareous 
cement. 

Sandstone: Light-gray (N 7) to medium-gray (N 5); 
very fine to fine-grained; silty; fair to poorly sorted; 
composed of quartz; mudstone and siltstone frag
ments. 

Sandy siltstone: Light-gray (N 7) to medium-gray 
(N 5); biotite acc,essory mineral; mudstone frag
ments; calcareous cement. 

Mudstone and siltstone: Medium-gray (N 5). 
Mudstone and siltstone: Medium-light-gray (N 6) to 

medium-gray (N 5); calcareous cement. 
Mudstone and siltstone: Medium-light-gray (N 6) to 

medium-gray (N 5); rare fragments of quartz sand, 
very fine to fine-grained, silty, poorly sorted; cal
careous cement. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained; silty; well-sorted; composed of quartz; bio
tite accessory mineral; coal fragments; calcareous 
cement. 

Sandstone: Yellowish-gray (5Y 8/0; very fine to fine
grained; silty; well-sorted; composed of quartz; bio
tite accessory mineral; siltstone, mudstone, and coal 
fragments; calcareous cement. 

Sandy siltstone: Yellowish-gray (5Y 8/1); mudstone 
and sandstone fragments; calcareous cement. 

Sandy siltstone: Medium-light-gray (N 6); mudstone 
fragments; calcareous cement. 

Sandy siltstone: Medium-light-gray (N 6), yellowish
olive-gray (5Y 7/1), and very pale orange (lOYR 8/2); 
fragment.s of quartz sand, very fine to mediun1-
grained" well-sorted; mudstone fraglnents; calcar
eous cement. 

Sandy siltstone and mudstone: Light-gray (N 7); cal
careous cement. 

Sandy siltstone and mudstone: Light-gray (N 7) and 
very light gray (N 8); fragments of quartz sand, very 
fine to fine-grained J silty", poorly sorted; biotite ac
cessory mineral; calcareous cement. 

Sandy siltstone: Medium-light-gray (N 6); mudstone 
and sandstone fragments; calcareous cement. 

Sandy siltstone and mUdstone: Medium-light-gray (N 6) 
and medium-gray (N 5); calcareous cement. 

Mudstone: Dark-gray (N 3). 
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Sandstone: Moderate-orange-pink (lOR 7/4); medium
grained; fair-sorted; feldspar accessory mineral. 

Clayey siltstone: Grayish-purple (5P 4/2). 
Sandstone: Grayish-pink (5R 8/2); medium-grained; 

fair-sorted; feldspar accessor, mineral. 
Sandlltone: Light-brown (5YR 6f4); coarse-grained; 

poorly sorted; feldspar accessory mineral; clay
stone. 

Recapture Shale Member: 
Sandstone: Light-brown (5YR 6/4); medium-grained; 

well-sorted; claystone. 
Sandstone: Ughl-brown (5YR 6/4); coarse-grained; 

poorly sorted; feldspar accessory mineral. 
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1ll'PER JURASSIC: 
Morrison Formation: 

Bl'ushy Rasin Mpmber: 
Sand~lo1H': Light-olive-gray (5Y 6/1); fine-grained; 

fail'-sorted; siltstone fragments. 
Sandston,,: Light-greenish-gray (5G 8/0; coarse

gl'uintlcl,; poorly sorted. 
Sandslon<': Light-greenish-gray (5G 8/0; medium

gl'ainc>d; fail'-sorted. 
S<lndstone: I.ight-greenish-gray (5G 8/0; fine-grained; 

fail'-sol'tf:d. 
SandstOl1P: l.ight-oUve-gray (5Y 6/0; fine-grained; 

pnlll'l~' sOl'ted; siltstone, 
\\ l'stwatel' Canyon Member: 

Siltslmw: Grayish-pink (5R 8/2); some coars"-grained 
sand. 

Silty l'laystone: Grayish-pink (5R 8/2), 
Sandstone: Yellowish-gray (5Y 7/2); medium-grained; 

claystone-. 
Clay")' siltstone: l.ight-greenish-gray (5G 8/0. 

QLTo\ TEH:.\' ARY: 
Alluvium: 

Silty sand: Pale-yellowish-brown (IOYR 6/2); silt to 
J1H"cHuln-grained sand; poorly sorted; composed of 
subangulal' to angular J frosted quartz; calcareous 
ct"lllent. 

l'PPER CRETACEOUS: 
lHenefpf' FOl'lnation: 

Sand)' siltstone: Light-gray (N 7); silt to fine-grained 
sand; lnicaceotls; conlmon carbonaceous material; 
caleareous celnent. 

Sandy siltstone: Light-olive-gray (5Y 6/1); very fine 
to rare coarse- grained s~nd; well-sorted; com-

QLHERN.-\RY: 
Alluvium: 

Sand: l.ight-brown (5YR 6/4); very fine to very coarse 
grained; silty; poorly sorted; composed of subround
eo to subangular, clear and stained quartz; rare dark 
accessory minerals; limonite nodules and common 
clay pellets; weakly cementedJ calcareous and ferru
ginous. 

UPPER CRETACEOUS: 
Eil'tland Shale: 

Farmington Sandstone Member: 
Sandstone: YellOWish-gray (5Y 7/2) to medium-gray 

(:.\' 5); very fine to coarse-grained; silty; poorly 
sorted; composed of subrounded to subangularJ clear 
and stained quartz; common mica and rare feldspar 
and dark accessory minerals; weakly to firmly ce
mented J calcareous and ferruginous. 

Sandstone: YellOWish-gray (5Y 7/2) to medium-gray 
(X 5); very fine to medium-grained; silty; poorly 
sorted; composed of subrounded to subangular, clear 
and stained quartz; common mica and rare feldspar 
and dark accessory minerals; weakly to firmly ce
mented, argillaceous and ferruginous. 

Mudstone and siltstone: Light-gray (N 7) to medium
gray eX 5); common mica accessory mineral; weakly 
to firmly cementedJ calcareous. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to fine-grained; silty; poorly sorted; com
posed of subrounded to subanguIar, clear and stained 
quartz; common mica and rare feldspar and dark ac
cessory minerals; weakly to firmly cemented, calcar
eous and argillaceous. 

Lower member: 
Mudstone: Light-gray (N 7) to medium-gray (N 5); clay 

and silt; common mica accessory mineral; weakly to 
firmly cemented, calcareous. 

Mudstone: Light-gray (N 7) to medium-gray (N 5); clay 
and silt; common mica accessory mineral; weakly to 
firmly cemented, calcareous. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to fine- grained; silty; poorly sorted; com
posed of subrounde'd to subanguIar, clear quartz; com
mon mica and rare feldspar and dark accessory min
erals; firmly cemented, calcareous and argillaceous. 

Siltstone and mudstone: Light-gray (N 7) to medium
gray (N 5); clay and silt; common mica accessory 
mineral; common carbonaceous material; weakly to 
firmly cemented, 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to fine-grained; silty; composed of subround
cd to subangulal'J clear quartz; common mica and rare 
feldspar and dark accessory minerals; weakly to firm
ly cemented, calcareous and argillaceous. 

Sandy siltstone: Light-gray (N 7) to medium-gray (N 5); 
silt and fine-grained sand; composed of subrounded to 
subangular J clear quartz; common mica accessory 
mineral; rare carbonaceous material; weakly ce
mented, calcareous. 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
very fine to fine-grained; silty; poorly sorted; com
posed of subrounded to subangular, clear quartz; com-
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Sandy siltstone: Pale-brown (5YH 5/2); limestone 
fragments. 

Silty claystone: Grayish-red (lOR 4/2); limestone 
fragments. 

Sandstone: Grayish-orange-pink (5YR 7/2); fine
grained; well-sorted; t:laystone. 

Sandstone: Light.brown (5YR 5/2); fine-grained; 
well-sorted. 

Sandstone: Light-brown (5YR 5/2); very fine grained; 
silty; fair-sorted; carbonaceous material. 

Salt Wash Sandstone Member: 
Sandstone: Grayish-orange-pink (lOR 8/2); fine

grained; well-sorted, 
Summerville Formation: 

Sandstone: Light-brown (5YR 6/4); fine-grained; fair
sorted. 

Todilto Limestone(?): Undescribed. 
Entrada Sandstone(? ): 

Sandstone: Grayish-pink (5R 8/2); medium-grained; 
poorly sorted; claystone fragments. 

12T-325 
67-11. 0-7,65 

posed of subrounded, frosted quartz; common mica 
flakes; abundant coal; fine-grained sandstone from 
60 to 70 feet; weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); fine- grained; well-
sorted; composed of angular, clear and frosted 

40 quartz; common pyrite and abundant dark accessory 
minerals; common iron-stained aggregates; weak-
ly cemented, calcareous. 

Sandy siltstone: Light-alive-gray (5Y 6/1); very fine 
to rare coarse- grained sand; well-sorted; com-

60 posed of subrounded, frosted quartz; common mica 
flakes; abundant coal; weakly cemented J calcareous. 
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mon mica and rare feldspar and dark accessory min
erals; weakly to firmly cemented, calcareous and 
argillaceous. 

Siltstone and mudstone: Light-gray (N 7) to medium
gray (N 5); clay and silt; common mica accessory 
mineral; common carbonaceous material; weakly to 
firmly cemented, calcareous. 

Fruitland Formation: 
Siltstone and mudstone: Light-gray (N 7) to medium

gray (N 5); clay and silt; abundant mica accessory 
mineral; abundant carbonaceous material and coal 
fragment.s; weakly to firmly cementedJ calcareous. 

Sandstone: Light-gray (N 7) to medium-gray (N 5); 
very fine to medium-grained; silty; poorly sorted; 
composed of subrounded to subangular, clear quartz; 
common micaJ rare feldsparJ and rare to common 
gypsum accessory minerals; rare coal fragments; 
weakly cementedJ calcareous and argillac eous. 

Sandstone: Light-gray (N 7) to medium-gray (N 5); 
very fine to fine-grained; silty; poorly sorted; COln

posed of subrounded to subangular, clear quartz; 
abundant mica and rare feldspar acc essory minerals; 
rare co.al and mudstone and claystone fragments; 
weakly cemented J calcareous and argillaceous. 

Pictured Cliffs Sandstone: 
Sandstone: Light-gray (N 7) to medium-gray (N 5); 

very fine to fine-grained; silty; poorly sorted; com
posed of subrounded to subangular, clear quartz; 
abundant mica and rare to common feldspar ace es
sory minerals; common mudstone and claystone 
fragments; firmly cemented, calcareous. 

Silty sandstone: Light-gray (N 7) to medium-gray 
(N 5); silt to medium-grained sand; fair-sorted; 
composed of subrounded to subangular, clear and 
stained quartz; common mica accessory mineral; 
weakly cemented, calcareous and argillaceous. 

Lewis Shale: . 
Sandy siltstone: Light-gray (N 7) to medium-gray 

(N 5); silt and very fine to medium-grained sand; 
composed of subrounded to subangular, clear and 
stained quartz; conlmon mica accessory mineral; 
weakly cemented, calcareous and argillaceous, 

Sandy siltstone: Medium-gray (N 5); silt and very fine 
to medium-grained sand; composed of rounded to 
subrounded, clear and stained quartz; common mica 
accessory mineral; weakly cemented, calcareous 
and ar giUac eous . 

Siltstone and mudstone: Light-gray (N 7) to medium
light-gray (N 6); rare to absent pyrite and rare dark 
accessory minerals; rare carbonaceous material; 
weakly cemented, calcareous. 

Sandy siltstone: Medium-light-gray (N 6) to medium
gray (N 5); clay, silt, and very fine to fine-grained 
sand; poorly sorted; composed of subrounded to 
angular, clear and stained quartz; rare to absent 
pyrite and rare mica and dark accessory minerals; 
rare to absent mudstone and coal fraglnents; weakly 
cemented, calcareous. 

Cliff House Sandstone: 
Sandstone: Yellowish-gray (5Y 7/2); very fine to 

medium-grained; silty; fair-sorted; composed of 
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Table 1. --Selected lI.tholOCic 10118 of .,,,11111 in tbe N&Vllljo 8M flopl ladlen ReIMM'lilUoolll, Arllllona, New i4ex:1co, and Utah-Continued 

subangular to angular, clear and stained quartz; mod-
erately common pyrite, rare limonite, and dark acces-
Bary minerals; moderately common wood fragments 

QUATERNARY: 
Alluvium and windblown sands: 

Sand: Dusky-grayish-yellow (5Y 7/4); very fine to very 
coarse grained; silty; poorly sorted; composed of sub
rounded to angular, clear quartz; rare hematite con
cretions, and common chert and argillaceous material; 
weakly cemented, calcareous and argillaceous. 

TERTIARY: 
Nacimiento Formation: 

Sandstone: Yellowish-gray (5Y 8/1) to light-gray (N 7); 
very fine to very coarse grained; silty; poorly sorted; 
composed of subrounded to angular, clear quartz; 
common feldspar, and rare to common pyrite and dark 
accessory minerals; common chert, jasper~ and argil
laceous material; common mud pellets; weakly ce
mented, calcareous and argillaceous. 

Sandy siltstone and mudstone: Light-brownish-gray. 
(5YR 6/1) to medium-light-gray (N 6); very fine to 
medium-grained sand; clay and silt; poorly sorted; 
composed of subrounded to subangular~ clear quartz; 
abundant to common mica and rare to common dark 
accessory minerals. 

UPPER CRETACEOUS: 
Ojo Alamo Sandstone: . 

Sandstone: Yellowish-gray (5Y 8/1) and light-gray (N 7); 

QUATERNARY: 
Alluvium: 

Sand: Yellowish-orange-brown (lOYR 6/4); fine- to 
coarse-grained; fair-sorted; composed of subrounded 
to subangular, clear quartz; rare feldspar, and red 
and dark accessory minerals; common argillaceous 
material; weakly cemented, calcareous and argilla
ceous. 

UPPER CRET ACEOUS: 
Kirtland Shale: 

Lower member: 
Sandy mudstone: YellowiSh-gray (5Y 7/2); clay, silt, 

and fine- to medium-grained sand; composed of sub
rounded to subangular, clear quartz; weakly cemented, 
calcareous. 

Sandy siltstone: Yellowish-gray (5Y 7/2) to pale-brown 
(5YR 5/2); silt and very fine to fine-grained sand; 
composed of subrounded to subangular, clear quartz; 
common mica accessory mineral; weakly cemented, 
calcareous and argillaceous. 

Mudstone: Light-gray (N 7) to medium-gray (N 5); clay 
and silt; common mica accessory mineral; weakly ce
mented, calcareous. 

Mudstone: Light-gray (N 7) to medium-gray (N 5); clay 
and silt; common mica accessory mineral; weakly ce ... 
mented, calcareous. 

Silty sandstone: Very light gray (N 8); very fine to fine
grained; composed of subrounded, clear quartz; com
mon mica and rare feldspar accessory minerals; com
mon argillaceous material; weakly cemented, calcar
eous and argillaceous. 

Fruitland Formation: 
Mudstone: Light-gray (N 7); clay and silt; rare mica 

accessory mineral; weakly cemented, calcareous. 
Sandy siltstone: Light-gray (N 7); silt and very fine to 

fine-grained sand; composed of subrounded, clear 
quartz; rare mica accessory mineral; abundant argil
lac eous material; weakly cemented, calcareous and 
argillaceous. 

Mudstone: Medium-gray (N 5); clay and silt; weakly 
cemented, calcareous. 

Carbonaceous mudstone: Medium-gray (N 5) to black 
(N 1); clay and silt; abundant carbonaceous material 

'and coal; weakly cemented, calcareous. 
Sandy siltstone: Silt and very fine to fine-grained sand; 

composed of 8ubrounded, clear quartz; rare mica ac
cessory mineral; weakly cemented, calcareous and 
argillaceous. 

Carbonaceous mUdstone: Medium-gray (N 5); clay and 
silt; common carbonaceous material and coal; weakly 
cemented, calcareous. 

Mudstone: Medium-gray (N 5); clay and silt; weakly 
cemented, calcareous. 

Carbonaceous siltstone: Black (N 1); silt; abundant 
carbonaceous material and coal; w .... kly cemented, 
calcareous. 

Mudstone ~nd claystone: Medium-gray (N 5); clay and 
silt; weakly cemented, calcareous. 

Carbonaceous siltstone: Black (N 1); silt; abundant 
carbonaceous material and common coal; weakly.c:e
mented, calcareous. 
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and common mudstone fragments; weakly cemeD:ted, 
calcareous and' argillaceous. 

No samples. 
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very fine to coarse-grained; silty; poorly sorted; 
composed of subrounded to subangular, clear quartz; 
rare feldspar, mica, and dark accessory minerals; 
common argillaceous material and rare to absent 
mudstone fragments; common mud pellets; weakly 
cemented, calcareous and argillaceous. 

Sandstone: Very light gray (N 8); very fine to medium
grained; fair-sorted; composed of subrounded to sub
angular, c.lear and stained quartz; common feldspar, 
pyrite, and mica, and rare epidote and dark acces
sory minerals; common jasper and rare argillaceous 
material; weakly to firmly cemented, calcareous, 
argillaceous, and siliceous. 

Kirtland Shale: 
No samples. 
Siltstone: Pale-green (lOG 6/2); silt and very fine to 

fine-grained sand; well-sorted; rare mica and dark 
accessory minerals; weakly cemented, calcareous.' 

Sandstone: Grayish-green (lOGY 5/2); very fine to 
coarse-grained; silty; poorly sorted; composed of 
subrounded to angular, clear quartz; rare mica and 
dark accessory minerals; rare argillaceous materi
al; weakly cemented, calcareous. 
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calcareous. 
Carbonaceous siltstone: Black (N 1); silt; abundant 

carbonaceous material and common coal; weakly 
cemented, calcareous. 

Mudstone: Medium-gray (N 5); clay and silt; common 
coal; weakly cemented, calcareous. 

Sandy siltstone: Light-gray (N 7); silt and very fine to 
fine-grained sand; composed of subrounded, clear 
quartz; rare mica accessory mineral; common ar
gillaceous material; weakly cemented, calcar
eous. 

Carbonaceous siltstone: Black (N 1); silt; abundant 
carbonaceous material and common coal; weakly 
cemented, calcareous. 

Mudstone: Medium-gray (N 5); clay and silt; weakly 
cemented, calcareous. 

Pictured Cliffs Sandstone: 
Sandstone: Light-gray (N 7); very fine grained; well

sorted; composed of subangular, clear quartz; rare 
mica and feldspar accessory minerals; argillaceous 
material; weakly cemented, calcareous and argilla
ceous. 

Carbonaceous mudstone: Black (N 1); clay and silt; 
abundant carbonaceous material and common coal; 
Weakly cemented, calcareous and ar gillac eous. 

Silty sandstone: Very light gray (N 0); silt to fine
grained sand; fair-sorted; composed of subrounded, 
clear quartz; rare dark accessory minerals; rare 
argillaceous material; weakly cemented, calcareous; 
water encountered at 425 feet. 

Lewis Shale: 
Silty sandstone: Light-gray (N 7); silt to very fine 

grained sand; well-sorted; composed of subrounded, 
clear quartz; common mica and rare dark accessory 
minerals; common argillaceous material; weakly 
cemented, calcareous. 

Sandy siltstone: Very light gray (N 8); silt and very 
fine to fine-grained sand; composed of subrounded, 
clear quartz; common mica accessory mineral; 
common argillaceous material; weakly cemented, 
calcareous. 

Claystone: Medium-gray (N 5); clay; weakly ce
mented, calcareous. 

Siltstone: Medium-gray (N 5); silt; common mica 
and dark accessory minerals; weakly cemented, 
calcareous; Foraminifera Lenticulina(?) present 
at 650 feet. 

Cliff House Sandstone: 
Sandstone: Light-gray (N 7); very fine to coarse

grained; fair-sorted; composed of subrounded to 
Bubansular, clear quartz; abundant pyrite, common 
limonite, and rare mica and dark accessory miner
als; weakly cemented, calcareous and pyritaceous; 
water - besring zone. 

Sandy siltstone: Light-gray (N 7); silt and very fine 
grained sand; composed of Bul;>rounded to subangular, 
clear qUartz; weakly cemented, calcareous. 

Sandy siltstone and mudstone: Light-gray (N 7)1to 
medium-gny (N 5); clay, silt, and very fine grained 
land, compollad of lIubrounded to lIubangular, clear 
quartz; weiI.kly cemented, calcareous. 
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Mudstone and claystone: Medium-gray (N 5); clay and 
silt; ('ommon coal fragments; weakly cemented} 

UPPEH CRETACEOUS: 
Mf'nt~ft.'f' Formation: 

Sandstone: Dark-yellowish-brown (lOYR 4/2); lnedium-
grained; poorly sorted. 

Siltstone: J.ight-olive-gray (5Y 6/1). 
Sandstone: Dark-yellow ish-brown (lOYR 4/2); medium-

gTaineci; fair-sorted. 
Sandstone: Medium-li~ht-~ray (N 6); medium-grained; 

UPPER CRETACEOUS: 
lVlplll'fl't' Fornlation: 

No sunl pIes. 
Sandy siltstone: Ugllt-yellowish-gray (5Y 8/2) to light

gray (N 7); lnuscovite and limonite accessory minerals; 
calcareous cernent. 

Silty mudstone: Medium-light-gray (N 6); muscovite ac
cessory mineral. 

Sandy siitstone: Medium-light-gray (N 6); muscovite ac
cessory mineral; calcareous cement. 

Siltstone': Light-gray (N 7); muscovite accessory miner
al; 111ucistone fragments; calcareous cement. 

Sand~' siltstone: Medium-dark-gray (N 4); muscovite ac
ceSS01~Y 111ineral; carbonaceous. 

SiltstonC": Medium-gray (N 5); muscovite accessory min
eral; 111udstone; calcareous cement. 

Siltstone: Medium-gray (N 5); muscovite accessory min
pral; mudstone; c,alcareous cement. 

t'PPER CRETACEOUS: 
Menefee Formation: 

~o samples. 
Clayey siltstone: Greenish-gray (5G 6/1). 
Sandstone: Light-olive-gray (5Y 6/1); medium-grained; 

fair-sorted. 
Sandstone: Greenish-gray (5G 6/1); fine - grained; poor-

ly sorted. 
Clayeo' siltstone: Greenish-gray (5G 6/0. 
Silty claystone: Greenish-gray (5G 6/1). 
Clayey siltstone: Greenish-gray (5G 6/0. 
Sandy siltstone: Greenish-gray (5G 6/1). 

UPPER CRETACEOUS: 
Menefee Formation: 

Sandstone: Yellowish-gray (5Y 8/1); very fine grained; 
silty; poorly sorted. 

Sandy siltstone: Yellowish-gray (5Y 8/1). 
Clayey siltstone: Light-olive-gray (5Y 6/1). 
Sandstone: Light-alive-gray (5Y 6/1); very fine grained; 

silty; poorly sorted; carbonaceous material. 
Sandstone: Light-alive-gray (5Y 6/0; medium - grained; 

L"PPER CRETACEOUS: 
Menefee Formation: 

Sandstone: Grayish-orange-brown (lOYR 6/4); very fine 
to medium-grained; silty; poorly sorted; composed of 
subrounded to subangular I clear quartz; rare mica and 
feldspar, and common dark and rare red accessory 
minerals; weakly cemented, calcareous. 

Sandy siltstone: Medium-light-gray (N 6); silt and very 
fine to medium-grained sand; composed of subrounded 
to subangular, clear quartz; common mica and dark 
accessory minerals; rare argillaceous material; weak
ly cemented, calcareous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of subrounded 
to subangular J clear quartz; rare mica and feldspar J 

and common dark and red accessory minerals; weakly 
cemented, calcareous. 

Sandy siltstone: Medium-light-gray (N 6); silt and very 
fine to fine-grained sand; composed of subrounded to 

UPPER CRETACEOUS: 
Crevasse Canyon Formation: 

Gibson Coal Member: 
Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Mudstone: Brownish-gray (5YR 4/1) to black (N 1); 
silty; carbonaceous; coal. 

Sandy siltstone: Medium-gray (N 5); mica accessory 
mineral; coal fragments; calcareous cement. 

Dalton Sandstone Member (possible thin tongue of Mulatto 
Tongue of Mancos Shale in this interval): 

Sandstone: Yellowish-gray (5Y 8/1) and light-olive-gray 
(5Y 6/1); fine- to medium-grained; silty; fair-sorted; 
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No samples. 

- - 80 

well-sorted; rare siltstone fragments and carbona-
ceous material. 

Silty claystone: Medium-light-gray (N 6); carbona-
35 ceous material. 
45 Silty claystone: Light-olive-gray (5Y 6/1); carbona -

ceous material. 
55 Sandstone: Water. 

Mudstone: Undescribed. 
14K-.ll0 

67-5 00-8 05 

210 

220 

260 

290 

360 

390 

420 

470 

14T-307 
67-3 15-15 

155 
175 

195 

235 
320 
340 
360 
369 

14K-305 

Siltstone: Light-gray (N 7) to medium-gray (N 5); bio
tite and muscovite accessory minerals; rare sand and 
mudstone fragments; calcareous cement. 

Sandstone: Medium-light-gray (N 6); very fine to me
clium-grained; fair-sorted; composed of quartz; mus
covite accessory mineral; mudstone fragment's; cal
careous cement. 

Sandy siltstone: Medium-light-gray (N 6) to medium
gray (N 5); mudstone fragments; calcareous cement. 

Silty mudstone: Light-gray (N 7); marcasite accessory 
mineral; claystone fragments. 

Mudstone: Light-gray (N 7); claystone fragments; cal
careous cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; fair-sorted; composed of quartz; calcareous 
cement. 

Mudstone: Medium-light-gray (N 6); calcareous ce
ment. 

80 

Sandstone: Greenish-gray (5G 6/1); fine -grained; 
well-sorted; water. 

Clayey siltstone: Greenish-gray (5G 6/n. 
Sandy siltstone: Greenish-gray (5G 6/1). 
Sandstone: Light-olive-gray (5Y 6/1); medium-

grained; well-sorted; siltstone fragments; increase 
in water. 

Sandstone: Light-olive-gray (5Y 6/0; fine - grained; 
poorly sorted; siltstone fragments. 

Clayey siltstone: Light-alive-gray (5Y 6/1). 
Sandy siltstone: Light-olive-gray (5Y 6/1). 

87 8 45 4 50 - -

fair-sorted. 
Sandstone: Light-olive-gray (5Y 6/1); very fine 

grained; silty; poorly sorted. 
55 Sandstone: Light-alive-gray (5Y 6/0; medium-
75 grained; fair-sorted. 

105 Claystone: Light-olive-gray (5Y 6/0; silty. 
Sandstone: Light-olive-gray (5Y 6/1); very fine 

155 grained; silty; poorly sorted; claystone. 

, -14K 315 
88-1 70-12 15 

60 

80 

100 

subangular, clear quartz; rare mica, and common 
dark and rare red accessory minerals; common ar
gillaceous material; weakly cemented. calcareous. 

Sandy siltstone and mudstone: Medium-light-gray (~6); 
clay, silt, and very fine to fine-grained sand; com
posed of subrounded to subangular, clear quartz; rare 
mica, and common dark and rare red accessory rnin
erals; weakly cen1entect, calcareous. 

Sandy siltstone: Medium-light-gray (N 6); silt and vel'~' 
fine to fine-grained sand; composed of subrounded to 
subangular, clear quartz; rare mica, and common 
dark and rare red accessory minerals; common ar
gillaceous material; weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of subl'ound
ed to subangular, clear and stained quartz; COlllmon 
mica, rare feldspar, and common dark and rare red 
accessory minerals; weakly cemented, calcareous. 

14K-313 
106-3.ff5-5.70 

20 

30 

40 

composed of quartz; calcareous cement. 
Sandstone: Yellowish-gray (5Y 8/1); fine- to medium

grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Sandy siltstone: Very light gray (N 8); biotite; calcar
eous cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Sandy siltstone: Very light gray (N 8); calcareous 
cement. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of quartz; 
calcareous c ernent. 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Dileo Coal Member: 
Mudstone: Medium-gray (N 5); silt and sand; marcasite 

and nlusC'Qvite accessory minerals. 
Sandy siltstone: Light-gray (N 7); mudstone fragments; 
l'al~areous cement. 

Silty mudstone: Medium-gray (N 5); calcareous cement. 
Siltstone: Mediunl-light-gray (N 6); calcareous cement. 
Silty mudstone: Medium-gray (N 5); calcareous cement. 

l'PPER CRETACEOUS: 
Menefee Formation: 

Sandstone: YellOWish-gray (5Y 7/2); very fine to me-
dium~grained; silty; poorly sorted; composed of sub-
l'ounded to subangular. clear and stained quartz; rare 
mica, feldspar, and dark and red accessory minerals; 
weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); very fine to fine-grained; 
fail'-sorted; composed of subrounded to angular. clear 
and stained quartz; common mica, feldspar, and dark 
and red accessory minerals; common argillaceous 
material; weakly cemented, calcareous and argilla-
ceous. 

Sandy siltstone: Medium-light-gray (N 6); silt and very 
fin~ to fin~-grained sand; composed of subrounded to 

l'PPER CRETACEOUS: 
Menefee Formation: 

Siltstone: Dusky-yellow (5Y 6/-1); sandy; calcareous 
cement. 

Siltstone: Yellowish-gray (5Y 7/2); sandy; calcareous 
c('ment. 

Mudstone: Medium-light-gray (N 6); silty; calcareous 
cement. 

Sandstone: Medium-light-gray (N 6); very fine to fine
grained; well-sorted; composed of quartz; calcareous 
c:eInent. 

Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone: Medium-light-gray (N 6); sandy; coal frag

ments; calcareous cement. 
Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone: Medium-light-gray (N 6); sandy; calcareous 

cement. 

l'1'PER CRETACEOUS: 
Menefee r~ormation: 

Silt and coal: Brownish-black (5YR 2/1) to pale-brown 
(5YR 5/2); rare sand; almost pure coal from 40 to 50 
feet; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); rare coal fragments; sandy 
from 160 to 170 feet and from 440 to 450 feet; siliceous 
cement; weakly <.!cmented, calcareous, at some hori~ 
zunH. 

Siltstone: Same as interval from 70 to 360 feet; abun-
dant coal. 

Siltstone: Light-gray (N 7); sandy; rare coal fragments, 
Sandstone: Light-.gray (N 7); fine- to medium-grained; 

UPPER CRETACEOUS: 
Menefee Formation: 

No samples. 
Siltstone: Medium-light-gray (N 6); mudstone, clay

stone, and coal fragments; some calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty; claystone 

and gypsum; some calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty; claystone, 

coal, and gypsum; some calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty; claystone; 

calcareous cement. 
Mudstone: Medium-light-gray (Ii< 6); silty; claystone 

and coal; calcareous cement. 
No samples. 
Mudstone: Medium-light-gray (N 6); silty; claystone 

and coal; calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty and sandy; 

claystone; calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty; claystone; 

calcareous cement. 
Sandstone: Light-olive-gray (5Y 6/1) to medium-gray 

(N 5); very fine to fine-grained; silty; mudstone and 
claystone; calcareous cement. 

UPPER CRETACEOUS: 
Point Lookout Sandstone: 

Sandstone: YellOWish-gray (5Y 8/1); very fine grained; 
silty; poorly sorted. 
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Gallup Sandstone: 
Siltstone: Light-gray (N 7); calcareous cement. 

360 Mudstone: Light-gray (N 7), medium-gray (N 5), and 
black (N 1); coal fragments; calcareous cement. 

400 Sandy siltstone: Light-gray (N 7); muscovite acces-
410 sory mineral; calcareous cement. 
420 Silty mudstone: Medium-gray (N 5); biotite accessory 
470 mineral; calcareous cement. 

14K-314 
107-2.90-2.75 

subangular) clear quartz; common mica and dark 
accessory minerals; common argillaceous and rare 
carbonaceous material; weakly cemented, calcareous 
and ar gillac eous. 

Sandstone: Light-gray (N 7); very fine to medium-
grained; fair-sorted; composed of subrounded to 

60 subangular, clear quartz; rare feldspar, and com-
mon mica and dark accessory minerals; weakly ce-
mented, calcareous. 

Siltstone and mudstone: Medium-light-gray (N 6); clay 
and silt; common mica accessory mineral; COmmon 
carbonaceous material; weakly ce;rnented, calcare-

90 ous. 
No samples. 

15K-337 
65-12.30-14.45 

20 

40 

80 

90 
120 

140 
150 

160 

Sandstone: Medium-light-gray (N 6); very fine to fine
grained; well-sorted; composed of quartz; coal frag
ments; calcareous cement. 

Siltstone: Light-gray (N 7); sandy; calcareous cement. 
Mudstone: Medium-light-gray (N 6); silty; calcareous 

cement. 
Siltstone: Light-gray (N 7); sandy; calcareous cement. 
Mudstone: Light-gray (N 7); silty; calcareous cen1ent. 
Sandstone: Light-gray (N 7); very fine to fine-grained; 

well-sorted; composed of quartz; coal fl'agn1ents; 
calcareous cement. 

Mudstone: Medium-light-gray (N 6); silty; claystone 
fragments. 

Siltstone: Very light gray (N 8); sandy; calcareous 
cement. 

Mudstone: Light-gray (N 7); silty; calcareous cement. 
No samples. 

15T-339 
66-2.70-6.90 

silty; fair to poorly sorted; composed of sub rounded 
to subangular quartz; rare pyrite accessory mineral; 
rare coal; weakly cemented, calcareous and sili-
ceous. 

70 Siltstone: Same as interval from ~OO to 440 feet. 
Sandstone: Same as interval from 440 to 450 feet; 

common pyrite accessory mineral; silty from 560 
\0 570 feet, 

360 Siltstone: Same as interval from 400 to HO. feet; sUlldy 
from 620 to 630 feet and from 660 to 670 feet; vel')' 

400 calcareous at some horizons; silt·to .. sand l'at.it) vUl'ips 
440 throughout, 

Sandstone: Same as interval from 400 to 440 feet. 

15K-336 
85-9.70-9.20 
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380 

Mudstone: Medium-light-gray (N 6); silty; cla~'stollt' 
und coal; calcareous cement. 

Sandstone: Light-gray (N 7); ver.v finE' to fine-gl'ained; 
silty; well-sorted; composed of qual'tz; caleal'enus 
cement. 

Mudstone: Medium-light-gray (N 6); silty; claystolll' 
and limestone, • 

Mudstone: Medium-light-gray (N 6); silty; claystolll', 
coal, and gypsum; calcareous cement. 

Mudstone: Medium-light-gray (N 6); silty; claystone'; 
calcareous cement. 

Mudstone: Light-gray (N 7); silty; claystone. 
Point Lookout Sandstone: 

Siltstone: Light-gray (N 7); sandy. 
Siltstone: Medium-light-gray (N 6); sandy; mudstonE' 

and some coal. limestone, and clay. 
Sandstone: Very light gray (N 8); fine- to medium

grained; well-sorted; composed of quartz; calcar-
eous cement. ' 

Sandstone: Very light gray (N 8); very fine to fine
gra'ined; well-sorted; composed of quartz; calcar
eous cement. 

Earl Becenti well 
85-8.15-17.20 

90 90 

Sandstone: Olive-gray (5Y 4/1); fine-grained; silty; 
poorly sorted. 

Sandstone: Olive-gray (5Y 4/1); very fine grained; 
silty; poorly sorted; carbonaceous material. 
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Satan Tongue of Maneos Shale: 
Siltstone: Light -gl'Uy (N 7); sandy. 
Claystone: Light-olive-gray (5Y 6/0; silty. 
Siltston,,: Light-oliv,,-gray (5Y 6/0; sandy. 
SiltstOl1l': Light-g"ay (N 7); clayey. 
Siltston,,: M"c1ium-light-gray (N 6); sandy. 

Hosta Tongul' of Point Lookout Sandstone: 
Sandstone: Medium-light-gray (N 6); very fine grained; 

Hilt y. 
Cl'f'\'-i.HH.,'P Canyon Fonnation: 

Gibson Coal'Meluber: 
Siltston,,: Medium-light-gray (N 6); sandy. 
Sandstone: Medium-light-gray (N 6); fine-grained; fair

sorted. 
SandstOlH': Medium-light-gray (N 6); very fine grained; 

silty; poorly sOl'ted. 
Sandstone: Medium-light-gray (N 6); medium-grained; 

poorly sorted. 
Sandstone: Medium-light-gray (N 6); very fine grained; 

silty; poorly sOl'tpd. 
Siltstone: Medium-dark-gray (N 4); sandy. 

UPPER CRETACEOUS: 
Mpl1pfet' FOl'111ation: 

Mudstone: Palc-,vcllowish-brown (JOYR 6/2) to black 
(:\ 0; silt~· and sandy; coal fragments. 

Silt stone: Pale-yellowish-brown (10YR 6/2); sandy; 
ealcal'f'ous cenlent. 

MucistOl1l': Medium-gray (N 5) to dark-gray (N 3); silty; 
l'oal fl'agnlents; calcareous cement. 

Mudstone: Medium-gray (N 5) to dark-gray (N 3); silty; 
carbonaceous nlaterial. 

Mudstone: Medium-gray (N 5) to dark-gray (N 3); silty; 
coal fl'agments; calcareous cement. 

Mudstone: Medium-gray (N 5) to dark-gray (N 3); silty; 
carbonaceous material. 

Mudstone: Medium-light-gray (N 6); silty and sandy; 
coal fragnlents. 

lVludstone: Dark-gray (N 3); silty; carbonaceous 
matel'ial. 

Mudstone: Medium-gray (N 5); coal fragments; calcar
eous c einent. 

Siltstone: Very light gray (N 8); sandy; calcareous 
cenlent. 

Sandstone: Very light gray (N 8); very fine to fine
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Siltstone: Very light gray (N 8); sandy; calcareous 
cement. 

Mudstone: Medium-gray (N 5); silty; muscovite acces
sory mineral; coal fragments; calcareous cement. 

Sandstone: Very light gray (N 8); very fine grained; 
silty; poorly sorted; composed of quartz. 

Mudstone: Light-gray (N 7) to medium-gray (N 5); silty; 
calcareous cement. 

Sandstone: Very light gray (N 8); very fine grained; 

l'PPER CRET.4.CEOUS: 
Crevasse Canyon Formation: 

Siltstone: Medium-gray (N 5); carbonaceous material; 
noncalcareous cement. 

Silty sandstone: Medium-light-gray (N 6); fine-grained; 
poorly sorted; composed of quartz; carbonaceous ma
terial; noncalcareous cement. 

Silty sandstone: Very light gray (N 8); very fine grained; 
fab'-sorted; composed of quartz; noncalcareous ce
ment. 

Sandy siltstone: Medium-light-gray (N 6); noncalcare
ous cement. 

Gallup Sandstone: 
Upper part: 

Sandstone: Light-gray (N 7); coarse-grained; poorly 
sorted; composed of quartz; noncalcareous cement. 

Siltstone: Medium-gray (N 5); noncalcareous cement. 
Silty claystone: Light-olive-gray (5Y 6/1); calcareous 

c'ement. 
Siltstone: Medium-gray (N 5); calcareous cement. 
Silty sandstone: Light-gray (N 7); very fine grained; 

fair-sorted; composed of quartz; claystone fragments; 
none alcareous cement. 

Sandstone: Light-olive-gray (5Y 6/1); medium-grained; 
fair-sorted; composed of quartz; coal fragments; non-

QUATERNARY: 
Alluvium: 

Silty sand: Light-olive-gray (5Y 6/1); very fine to fine
grained; fair-sorted; composed of quartz; calcareous 
cement. 

Sandy silt: Light-olive-gray (5Y 6/1); jasper fragments; 
calcareous cement. 

[;I'PER CRETACEOUS: 
Mancos Shale: 

Mudstone and claystone: Medium-gray (N 5); calcareous 
eement. 
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Sandstone: Medium-gray (N 5); fine- grained; silty; 
110 poorly sorted. 
130 Sandstone: Olive-gray (5Y 4/0; fine-grained; silty; 
140 poorly sorted; carbonaceous mater'ial. 
150 Dalton Sandstone Member: 
240 Sandstone: Medium-gray (N 5); very fine grained; 

silty; poorly sorted. 
Sandstone: Light-gray (N 7); fine-grained; silty; 

300 poorly sorted. 
Sandstone: Light-gray (N 7); very fine grained; silty; 

poorly sorted. 
350 Sandstone: Light-gray (N 7); medium-grained; fair-

sorted. 
360 Sandstone: Medium-light-gray (N 6); fine- grained; 

silty; poorly sorted. 
370 Sandstone: Light-gray (N 7); very fine grained; silty; 

poorly sorted. 
380 Sandstone: Light-gray (N 7); very fine grained; wcll-

. sorted. 
390 Siltstone: Very light gray (N 8); sandy. 
420 No samples. 
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silty; poorly sorted; composed of quartz. 
Siltstone and mudstone: Medium-gray (N 5); calcar

eous cement. 
Sandstone: Medium-light-gray (N 6); very fine grained; 

silty; poorly sorted; composed of quartz; calcareous 
cement. 

Siltstone: Medium-gray (N 5); sandy; calcareous 
cement. ~ 

Siltstone and mudstone: Medium-gray (N 5); sandy; 
calcareous cement. 

Mudstone: Medium-gray (N 5) to black (N 1); silty; 
coal fragments; calcareous cement. 

Mudstone: Medium-gray (N 5); silty; calcareous 
cement. 

Siltstone: Medium-gray (N 5); sandy; calcareous 
cement. 

Siltstone and mudstone: Medium-gray (N 5); sandy; 
calcareous cement. 

Point Lookout Sandstone: 
Sandstone: Very light gray (N 8); fine- to medium

grained; well-sorted. 
Sandstone: Light-olive-gray (5Y 6/0; fine- to me

dium-grained; composed of quartz; coal fragments; 
calcareous cement. 

Sandstone: Very light gray (N 8); fine- to medium
grained; well-sorted; composed of quartz; calcar
eous cement. 

Sandstone: Very light gray (N 8); fine- to medium
grained; well-sorted; composed of quartz; muscovite 
accessory mineral; calcareous cement. 

Sandstone: Very light gray (N 8); fine- to medium
grained; well-sorted; composed of quartz; calcareous 
cement. 

No samples. 
15I,,-335 
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calcareous cement. 
Tongue of Mancos Shale: 

Siltstone: Medium-light-gray (N 6); clay and silt; non
calcareous cement. 

Silty sandstone: Medium-light-gray (N 6); fine-grained; 
poorly sorted; composed of quartz; noncalcareous 
cement. 

Claystone: Dark-gray (N 3); coal fragments; noncal
careous cement. 

Lower part: 
Silty sandstone: Light-gray (N 7); fine-grained; fair

sorted; noncalcareous cement. 
Mancos Shale: 

Siltstone: Medium-light-gray (N 6); calcareous cement. 
Silty claystone: Medium-gray (N 5); calcareous cement. 
Silty claystone: Medium-gray (N 5); calcareous cement. 
Sandy siltstone: Medium-light-gray (N 6); calcareous 

cement. 
Sandstone: Medium-light-gray (N 6); fine-grained; 

well-sorted; composed of quartz; calcareous cement. 
Silty claystone: Medium-gray (N 5); calcareous cement. 
Claystone: Olive-gray (5Y 4/1); fine-grained quartz 

sandstone fragments; fair-sorted; calcareous cenlt'nt. 
No samples. . 
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Mudstone: Light- gray (N 7); gypsum accessory min
eral; claystone; calcareous cement. 

Mudstone: Medium-gray (N 5); silty; biotite accessory 
mineral; calcareous cement. 

Siltstone: Medium- gray (N 5); gypsum accessory min
e;al; calcareous cement. 

Mudstone: Medium- gray (N 5); silty; gypsum acces
sory mineral; calcareous celnent. 

Siltstone: Medium-light-gray (N 6); calcareous cp
ment. 
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Table 1. - -Selected lithologic 10gB of wells in the Navajo and Hopi Indian Reservations, A rizona, New Mexico, and Utah-Continued 

CPPEI{ ,\:\D LOWEI{ CI{ETACEDUS: 
Dakota Sandstone: 

Siltstone: lVledium-light-gl'ay (N 6); sandy; calcareous 
ce111ent. 

Sandstone: Light-gray (N 7); fine- to 111edium-grained; 
wl~ll-sorted; C0111posed of quartz; calcareous cement. 

QU.';'TER;'>;,\RY: 
_"\llu\"iuln: 

Sand)' silt: Light - olive- gray (5 Y 6/1); silt and very fine 
to fine-grained sand; C0111posed of subroundecl to sub
angular, clear quartz; rarE' rnica and dark accessory 
minerals; rare coal fragments and ll1udstone frag
ments; weakly cemented, calcareous and argillaceous. 

Sandy silt: Yellowish-olive-gray (5Y 6/2); silt and very 
fine gl'ained sand; composed of subrounded to subangu ... 
la1', clear and stained quartz; rare dark accessory 
111inel'als; common argillaceous material; weakly ce
mented, calcareous and argillaceous. 

Sandy silt: Medium-light-gray (N 6); silt and very fine 
to mediUlTI-gl'ained sand; composed of suhrounded to 
subangular. clear anci stained quartz; rare ll1ica, lin1o
nite, and dark accessory minerals; rare argillaceous 
material and hematite concretions, and rare to absent 
carbonaceous material; weakly cen1enteu, calcareous 
and a l'gillac eous. . 

l'PPEH CRET.".CEOUS: 
Crevasse Canyon Forlnation: 

;\lulatto Tongue of Mancos Shale: 
Siltstone: Light-gray (~ 7); silt; rare mica .accessory 

n1ineral; common argillaceous 111aterial; weakly ce
Inented, calcareous. 

Siltstone and mudstone: Medium-light-gray (N 6); clay 
and silt; rare mica, gypsum, and dark accessory min
erals; common calcite fraglnents; weakly cemented, 
calcareous. 

Siltstone and mudstone: Light-gray (N 7) and medium
light-gray (~6); clay and silt; rare n1ica, gypsum, 
and dal'k accessory minerals; con1mon calcite frag
ments; weakly cemented, calcareous. 

Dileo Coal Member and Gallur Sandstone undifferentiated: 
Siltstone: Oli\'e-gl'ay (5Y 4 1); silt and very fine to 

fine-grained sand; composed of subangular, clear 
quartz; I'are mica accessory mineral; common argil
laceous and carbonaceous material; \\Ieakly cemented, 
calcareous. 

;\Iludstone: Medium-light-gray (N 6); clay, silt, and 
c.chips of fine-grained sand; composed of subl'ounded 
to subangular, clear quartz; rar,e dark accessory min
el'als; weakly cemented, calcareous. 

Sandstone: Medium-light-gray (N 6); fine- to coarse
grained; fair-sorted; composed of subrounded to sub-

C.,CATERNARY: 
;\lluvium: 

Fill and adobe. 
UPPEH CHETACEOUS: 

Cl'('vasse Canyon Formation: 
Dalton Sand~tone Member: 

Sandstone: Very pale orange (jOYR 8/2). 
Mulatto Tongue of Mancos Shale: 

Shale: Pale-blue (5B 6/2) and bluish-black (5B 2/1). 
Dilco Coal Member: 

Coal and shale: Black (N 1). 
Sandstone: Medium-gray (N 5). 
Shale: Black (N 1). 
Sandstone: Light-gray (N 7). 
Sandstone: lJark-gray (N 3). 
Shale: Bluish-black (5B 2/1). 

Gallup Sandstone: 
Sandstone: Dark-gray (N 3), 
Sandy shale: Undescribed. 
Sandstone: Dark-gray (N 3). 
Sandy shale: Undescribed. 
Sandstone: Light-olive-gray (5Y 6/1); very coarse 

grained; poorly sorted; composed of quart.z; noncal
careous cement. 

Mancos Shale: 
Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone and gypsum: Olive-gray (5Y 3/2); calcareous 

cement. 
Siltstone: Medium-gray (N 5); calcareous cement. 
Siltstone: Medium-light-gray (N 6); calcareous cement. 

QUATERNARY: 
Alluvium: 

Sand and silt: Pale-yellowish-brown (lOYR 6/2); fine
to medium-grained. 

Sand: Pale-yellowish-brown (lOYR 6/2); fine- tocoarse-
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Sandstone: Very light gray (N 8); very fine to fine
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Siltstone: Brownish-gray (5YR 4/1); sandy; calcare
ous cement. 

16K- 332 
104-10.60-8.45 

50 

60 

140 

160 

210 

220 

260 

280 

angUlar, clear quartz; rare dark accessory Ininer
als; weakly cernented, calcareous. 

Mudstone and siltstone: Medium-light-gray (N 6); 
clay and silt; rare mica and dark accessory miner
als; common coal fragments; weakly cemented, cal
careous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of sub
rounded to subangular, clear quartz; rare mica, 
feldspar, and dark accessory minerals; weakly 
cemented, calcareous. 

Mudstone: Medium-gray (N 5) and light-gray (N 7); 
clay and silt; common mica and rare dark accessory 
minerals; common to absent coal fragments; weakly 
cemented, calcareous. 

Sandstone: \Vhite (N 9); very fine to fine-grained; 
silty; poorly sorted; composed of subrounded to sub
angular, clear and stained quartz; rare mica, feld
spar, and dark accessory nlinerals; weakly ce
n1ented, calcareous. 

Silty sandstone: Very light gray (N 8); very fine to 
fine-grained; silty; poorly sorted; cOlnposect of 
subrounded to subangular, clear quartz; common 
Inica and rare dark accessory minerals; rare to 
common argillaceous material; weakly cemented, 
calcareous and argillaceous. 

Sandstone: Very light gray (N 8); very fine to medium
grained; fair- to well-sorted; composed of rounded 
to subangular, clear quartz; common feldspar and 
rare dark accessory minerals; weakly cemented, 
calcareous. 

Silty sandstone: Light-gray (N 7); silt and very fine 
to fine-grained sand; poorly sorted; composed of 
sub rounded to subangular, clear quartz; C0111mOn 
mica and rare dark accessory minerals; ('on1n10n 
argillaceous material; weakly cemented, calcar,eolls 
and argillaceous. 

Siltstone and mudstone: Medium-gray (N 5); clay and 
silt; common mica and dark accessory minerals; 
rare carbonaceous material; weakly c~emented, cal
cal'eous. 

No samples. 
Siltstone: Medium-light-gray (N 6) and medium-gl'a)' 

(N 5)' silt, rare n1ica and dark accessory minerals' 
weakly ce~ented, calcareous. . , 
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No samples. 
Siltstone: MediuIT1-gray (N 5); calcareous cen1ent. 
Sandy siltstone: Medium-gray (N 5); calc'"'eous ce-

ment. 
No saluples. 
Siltstone: Medium-gray (N 5). 
No samples. 
Sandstone and siltstone: Medium-light-gray (N 6); 

very fine grained; calcareous cement. 
No samples. 
Sandstone: Light-olive-gray (5Y 6/1); vel'y fine 

gl'ained; poorly sorted; C0111posed of quartz; calcar
eous cen1ent. 

No samples. 
Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone and sandstone: Medinm-light-gray (N 6); silt 

to very fine grained sand; calcareous cement. 
Claystone: Greenish-gray (5GY 6/1); calcareous cement. 
No samples. 
Siltstone: Medium-gray (N 5); calcareous cement. 
Siltstone: Olive-gray (5Y 4/1); calcareous cement. 
No samples. 
Siltstone and sandy limestone: Medium-light -gray 

(N 6); calcareous cement. 
Siltstone and sandy limestone:. Medium-gray (N 5). 
Shale: Dark-bluish-gray (5B 4/1). 

UPPER AND LOWER CHETACEOUS: 
Dakota :)andstone; 

Water sand: Very pale. orange (10YR 8/2). 
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Mudstone: Medium-gray (N 5); silty; carbonaceous 
cement. 

Siltstone: Medium-gray (N 5); sandy. 
Mudstone: Medium-light-gray (N 6); silty; carbona

ceous cement. 
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grained; poorly sorted; composed of micaceous quartz; 
basaltic lava fragments. 

Sand: Pale-yellowish-brown (lOYR 6/2); fine- to medi
\,lm-grained; poorly sorted; limestone and basaltic lava 
fragments. 

Sand: Pale-yellowish-brown (lOYR 6/2); fine- to medi
um-grained; poorly sorted; basaltic lava fragments; 
limestone and q\,lartz. 

Sand: pale-yellowish-brown (lOYR 6/2); very fine to 
medium-grained; poorly sorted; limestone fragments; 
quartz and siltstone. 

UPPER CRETACEOUS: 
Mancos Shale: 

Mudstone: Medium-light-gray (N 6); calcareous cement. 
Limestone: Medium-gray (N 5); clay and silt particles. 
Mudstone: Medium-gray (N 5); sandstone particles. 
Siltstone: Medium-light-gray (N 6); clayey; calcareous 

cement. 
Mudstone: Medium-light-gray (N 6); sandy; carbona

ceous cement. 
Mudstone: Medium-gray (N 5); silty; calcareous ce

ment. 
Mudstone: Medium-gray (N 5); silty; carbonaceous 

cement. 
Siltstone: Medium-gray (N 5); sandy. 
Siltstone: Pale-ye11owish-brown (10YR 6/2); sandy. 
Siltstone: Medium-light-gray (N 6); sandy. 
Mudstone: Medium-light-gray (N 6); silty. 

QUATERNARY: 
Windblown sands: 

Sand: Light-brown (5YR 6/4); fine-grained; fair-sorted. 
UPPER TRIASSIC: 

Chinle Formation: 
Petrified Forest Member, upper part: 

Claystone: Pale-reddish-brown (lOR 5/4); silty. 
Claystone: Pale-reddish-brown (lOR 5/4); silty; lime

stone fragments. 
Claystone: Pale-reddish-brown (lOR 5/4); silty. 
Claystone: Pale-reddish-brown (lOR 5/4); silty; lime

stone fragments. 
Claystone: Pale-red dish-brown (lOR 5/4); silty. 
Claystone: Pale-red (lOR 6/2); silty; limestone frag

ment,s. 
Claystone: Grayish-red (lOR 4/2); silty; limestone 

fragments. 
Claystone: Pale-red (lOR 6/2); silty; limestone frag-

ments. 
Claystone: Pale-red (lOR 6/2). 
Claystone: Pale-red (lOR 6/2); silty. 
Claystone: Pale-red (lOR 6/2); silty; limestone frag

ments. 
Claystone: Pale-reddish-brown (lOR 5/4); silty; lime

stone fragments. 
Claystone: Pale-red (lOR 6/2); silty; limestone frag

ments. 
Siltstone: Pale-red (lOR 6/2); clayey; limestone frag

ments. 
Siltstone: Pale-brown (5YR 5/2); sandy. 
Siltstone: Pale-brown (5YR 5/2); clayey; limestone 

fragments. 
Siltstone: Pale-brown (5YR 5/2); sandy. 

Petrified Forest Member, Sonsela Sandstone Bed: 
Sandstone: Grayish-red (lOR 4/2); pebbly; poorly 

sorted; composed of quartz; siltstone fragments. 
Sandstone: Light-brownish-gray (5YR 6/1); coarse

grained; well-sorted; composed of quartz; siltstone 
fragments. 

Petrified Forest Member, lower part: 
Siltstone: Brownish-gray (5YR 4/1); sandy; well-sorted. 
Sandstone: Light-brownish-gray (5YR 6/1); silty; we11-

sorted. 
Siltstone: Light-brownish-gray (5YR 6/1); sandy. 

UPPER CRETACEOUS: 
Mancos Shale: 

Siltstone: Yellowish-gray (5Y 7/2); sandy; gypsum ac
cessory mineral; calcareous cement. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to fine
grained; silty; fair-sorted; gypsum accessory mineral. 

Sandstone: Light-gray (N 7); very fine grained; silty; 
well-sorted; composed of quartz; calcareous cement. 

Mudstone: Medium-gray (N 5); silty; calcareous cement. 
Sandstone: Light-gray (N 7); very fine to fine-grained; 

well-sorted; composed of quartz; calcareous cement. 
Siltstone: Medium-gray (N 5); sandy; calcareous ce

ment. 
Sandstone: Light-gray (N 7); very fine to fine-grained; 

silty; well-sorted; composed of quartz; calcareous 
cement. 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Siltstone: Medium-light-gray (N 6); sandy; coal and 
mudstone fragments. 

Sandstone: Light-gray (N 7); very fine to fine-grained; 
silty; well-sorted; composed of quartz; calcareous 
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Siltstone: Pale-yellowish-brown (10YR 6/2); sandy. 
No samples. 
Mudstone: Medium-light-gray (N 6); silty; calcareous 

cement. 
UPPER AND LOWER CRETACEOUS: 

Dakota Sandstone: 
Mudstone: Medium-light-grar (N 6); sandy; fragments 

of very pale orange (lOYR 8/2) sandstone, fine- to 
medium-grained, well-sorted. 

Mudstone: Medium-light-gray (N 6); sandy; calcare
ous cement. 

Siltstone: Medium-light-gray (N 6); sandy; limestone 
fragments. 

Mudstone: Medium-light-gray (N 6); silty; calcareous 
cement. 

Siltstone: Medium-light-gray (N 6); sandy; calcareous 
cement. 

Mudstone: Medium-light-gray (N 6); silty; calcareous 
cement. 

Siltstone: Medium-gray (N 5) to dark-gray (N 3). 
UPPER JURASSIC: 

Morrison Formation: 
Brushy Basin Member: 

Sandstone: Very light gray (N 8) to medium-gray (N 5); 
medium-grained; fragments of medium-light-gray 
(N 6) and grayish-red (5R 4/2) siltstone. 

No samples. 
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Sandstone: Light-brownish-gray (5YR 6/1); silty; 
well-sorted. 

10 Siltstone: Light-brownish-gray (5YR 6/1); sandy. 
Claystone: Grayish-purple (5P 4/2) and white (N 9); 

silty; limestone fragments. 
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Claystone: Pale-red-purple (5RP 6/2); silty; lime
stone fragments. 

Claystone: Grayish-red-purple (5RP 4/2); silty; 
limestone fragments. 

Sandstone: Pinkish-gray (5YR 8/0; fine-grained; 
calcareous cement. 

Claystone: Pale-red (5R 6/2); silty. 
Siltstone: Pale-red (5R 6/2); clayey. 
No samples. 
Mudstone: Grayish-red-purple (5RP 4/2); silty; cal

careous cement. 
Lower red member: 

Sandstone: Grayish-red-purple (5RP 4/2); medium to 
very coarse grained; poorly sorted; mudstone frag
ments; calcareous cement. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; lime
stone and quartz fragments. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; cal
careous cement. 

Mudstone: GraYish-red-purple (5RP 4/2); silty; lime
stone fragments; calcareous cement. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; fine
grained sandstone~ quartz, and limestone fragments; 
calcareous cement. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Mudstone: Pale-reddish-brown (lOR 5/4); silty; cal
careous cement. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; cal
careous cement. 

Mudstone: Greenish-gray (5G 6/1) to medium-gray 
(N 5); silty; calcareous cement. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; fine
grained sand; limestone fragments. 

Mudstone: Grayish-red-purple (5RP 4/2); silty; lime
stone fragments; calcareous cement. 

PERMIAN: 
Glorieta Sandstone(?): 

No samples. 
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cement. 
Mudstone: Dark-gray (N 3); silty; coal. 

UPPER JURASSIC: 
10 Morrison Formation: 

Brushy Basin Member: 
20 Claystone: Light-greenish-gray (5GY 8/1); gypsum 

accessory mineral; coal and limestone fragments. 
65 Claystone: Light-greenish-gray (5GY 8/1). 

130 Sandstone: Pinkish-gray (5YR 8/1); very fine to fine-
grained; silty; fair-sorted; composed of quartz; 

155 claystone fragments; calcareous cement. 
Westwater Canyon Member: 

160 Sandstone: Very pale orange (10YR 8/2); very fine to 
very coarse grained; poorly sorted; composed of 
quartz. 

190 Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to coarse-grained; poorly sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
210 to coarse-grained; silty; poorly sorted; composed of 

quartz; coal and siltstone fragments; calcareous 
cement. 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Marianfo~~g. ~o~~~~60Continued 

Sandstone: Light-brown (5YR 6/4); very fine to coarse
grained; poorly sorted; conlposed of quartz; calcare
ous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to very 
coarse grained; poorly sorted; composed of quartz; 
calcareous cement. 

Recapture Shale Member: 
Sandstone: Yellowish-gray (5Y 7/2) to light-brown (5YR 

6/4); fine- to medium-grained; silty; fair-sorted; 
composed of quartz. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine to 
medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Mudstone: Pale-red-purple (5RP 6/2); sandy; clay. 
Sandstone: Light-brown (5YR 6/4); very fine to medium

grained; silty; fair-sorted; composed of quartz; cal
careous cement. 

Siltstone: Grayish-orange-pink (5YR 7/2) and light
greenish-gray (5GY 8/1); sandy; calcareous cement. 

Siltstone: Light-greenish-gray (5GY 8/1) and grayish
red (lOR 4/2); sandy; calcareous cement. 

Siltstone: Light-greenish-gray (5GY 8/1) and grayish
red (lOR .J)2); sandy; calcareous cement. 

Siltstone: Grayish-red (lOR 4/2); sand grains; calcar
eous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
grained; silty; poorly sorted; composed of quartz; 

QU~""TERNARY: 
..... lluvium: 

Sandy silt: Pale-yellowish-brown (10YR 6/2); silt and 
very fine to coarse-grained sand; poorly sorted; rare 
mica and dark accessory minerals; rare argillaceous 
n1aterial; calcareous cement. 

Sand: Pale-yellowish-brown (10YR 6/2); very fine to 
coarse-grained; poorly sorted; composed of rounded to 
subangular, clear and stained quartz; rare to absent 
limonite and rare dark accessory minerals; rare argil-
laceous material; weakly cemented, calcareous. 

Sandy silt: Pale-yellowish-brown (lOYR 6/?); silt and 
very fine to coarse-grained sand; poorly sorted; rare 
mica, limonite, and dark accessory minerals; rare to 

UPPER CRETACEOUS: 
Menefee Formation and Crevasse Canyon Formation 

undifferentiated: 
Sandstone: Grayish-orange-brown (lOYR 6/4); very 

fine to medium-grained; silty; poorly sorted; com
posed of subrounded to subangular, clear and stained 
quartz; rare mica and common dark accessory min
erals; common argillaceous material; weakly ce
mented, calcareous and argillaceous. 

Sandy siltstone: Liljht-yellowish-gray (5Y 8/2) to yel
lowish-gray (5Y 7 (2); silt and very fine to medium
grained sand; poorly sorted; composed of subrounded 
to subangular, clear and stained quartz; common mica 
and dark accessory minerals; common argillaceous 
material; weakly cemented, calcareous and argilla
ceous. 

Mudstone and siltstone: Light-gray (N 7) to medium
gray (N 5); clay and silt; common mica accessory 
mineral; common carbonaceous material; weakly ce
mented, calcareous. 

Sandy siltstone: Light-gray (N 7) to medium-gray (N 5); 
silt and very fine to medium-grained sand; composed 
of subrounded to subangular, clear quartz; common 
mica, rare feldspar, and rare to common dark acces
sory minerals; common argillaceous material; weakly 
cemented, calcareous and argillaceous. 

Mudstone and siltstone: Light-olive-gray (5Y 6/1); clay 
and silt; common mica and rare to common dark ac
cessory minerals; rare carbonaceous material; weak
ly cemented, calcareous. 

Sandy siltstone: Yellowish-olive-gray (5Y 7/1) to me
dium-light-gray (N 6); silt and very fine to fine-grained 
sand; composed of subrounded to subangular, clear 
quartz; common mica and rare to common dark acces
sory minerals; common argillaceous material and rare 
to absent carbonaceous material; weakly cemented, 
calcareous and argillaceous. 

Mudstone and siltstone: Light-gray (N 7) to medium
gray (N 5); clay and silt; rare to common mica and 
rare dark accessory minerals; rare to common carbo
naceous material; weakly cemented, calcareous. 

Silty sandstone: Light-olive-gray (5Y 6/1); silt and 
very fine to medium-grained sand; poorly sorted; 
composed of subrounded to subangular, clear and 
stained quartz; rare mica, feldspar, and dark acceS
sory minerals; common argillaceous material; weak
ly cemented, calcareous and argillaceous. 
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calcareous cement. 
Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; well-sorted; composed of quartz; limonite 
and common magnetite accessory minerals; calcar
eous cement. 

Silty sandstone: Grayish-orange-pink (5YR 7/2); very 
fine grained; well-sorted; composed of quartz; cal
careous cement. 

Summerville Formation: 
Sandy facies: 

Sandstone: Pale-brown (5YR 5/2); very fine to fine
grained; well-sorted; composed of quartz; magnetite 
accessory mineral; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Pinkish-gray (5YR 8/1); very fine to fine
grained; well-sorted; composed of quartz; magnetite 
accessory mineral; calcareous cement. 

Sandstone: Pale-yellowish-brown (jOYR 6/2); very 
fine to fine-grained; well-sorted; composed of 
quartz; magnetite accessory mineral; calcareous 
cement. 

Sandstone: Pale-red (lOR 6/2) to grayish-red (lOR 
4/2); very fine to fine-grained; well-sorted; com
posed of quartz; magnetite accessory mineral; silt
stone fragments; calcareous cement. 

16K-340 
106-5.45-10.80 

absent silty crystals; calcareous cement. 
Sand: Medium-light-gray (N 6); very fine to medium-

grained; silty; composed of subrounded to subangular, 
clear quartz; abundant siltstone fragments and mod-
erately common argillaceous material; weakly ce-

20 mented, calcareous and argillaceous. 
Silt and mud: Medium-light-gray (N 6); clay, silt, and 

fine-grained sand; rare argillaceous material; weak-
ly cemented, calcareous. 

Sand: Light-gray (N 7); fine- to coarse- grained; poor-
40 ly sorted; composed of rounded to angular. clear, 

frosted, and amber quartz; rare feldspar and moder-
at ely common gypsum accessory minerals; weakly 
cemented, calcareous. 
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Sandy siltstone and mudstone: Medium-light-gray(N 6) 
and some light-brownish-gray (5YR 6/1); clay, silt, 
and very fine to fine-grained sand; composed of sub
rounded to subangular, clear and stained quartz; 
rare to COmmon gypsum, and common mica and 
dark accessory minerals; rare to common carbo
naceous material; weakly cemented, calcareous. 

Silty sandstone: Moderate-reddish-orange (lOR 6/6) 
to pale-grayish-red (lOR 5/2); silt and very fine 
grained sand; poorly sorted; composed of sub
rounded to subangular, clear and stained quartz; 
common mica, limonite, and dark accessory min
erals; COmmon argillaceous material; weakly 
cemented, calcareous and argillaceous. 

Sandy mudstone: Light-brownish-gray (5YR 6/1) to 
medium-light-gray (N 6); clay, silt, and very fine 
to medium-grained sand; composed of subrounded 
to subangular. clear and stained quartz; common 
mica and limonite. and rare red and common 
dark accessory minerals; weakly cemented, cal
careous. 

Siltstone: Medium-light-gray (N 6); silt; common 
mica, and rare red and dark accessory minerals; 
common carbonaceous material; weakly cemented, 
calcareous. 

Sandstone: Yellowish-olive-gray (5Y 7/1); very fine 
to fine-grained; silty; fair-sorted; composed of 
subrounded to subangular, clear quartz; rare mica, 
feldspar, and red and dark accessory minerals; 
weakly cemented, calcareous. 

Sandy siltstone: Yellowish-olive-gray (5Y 7/1) to 
medium-light-gray (N 6); silt and very fine to 
medium-grained sand; composed of subrounded 
to subangular, clear and stained quartz; rare 
mica and dark accessory minerals; common 
argillaceous material; weakly cemented, cal
careous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; fair-sorted; composed of subrounded 
to subangular, clear quartz; rare feldspar and com
mon dark accessory minerals; common argillaceous 
material; weakly cemented, calcareous. 

Mudstone: Medium-light-gray (N 6); clay and silt; 
common mica and rare dark accessory minerals; 
common carbonaceous material; weakly cemented, 
calcareous. 
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UPPER TRIASSIC: 
Wingate Sandstone: 

Sandstone: Light-gray (N 7) and light-brownish-gray 
(5YR 6/1); very fine to medium-grained; composed 
of quartz; mudstone and claystone fragments; calcar
eous cement. 

Chinle Formation: 
Owl Rock Member: 

Mudstone: Pale-red (lOR 6/2); silty. 
Mudstone: Light-greenish-gray (5GY 8/1) and pale-red 

(lOR 6/2); silty; limestone; calcareous cement. 
Siltstone: Pale-red (lOR 6/2); calcareous cement. 

Petrified Forest Member, upper part: 
Siltstone: Grayish-red (lOR 4/2); calcareous cement. 
Siltstone: Grayish-pink (5R 8/2); silty limestone. 
Siltstone: Moderate-red (5R 5/4); muddy; calcareous 

cement. 
Mudstone: Moderate-red (5R 5/4); calcareous cement. 
Siltstone: Moderate-red (5R 5/4); muddy; calcareous 

cenlent. 
Mudstone: Pale-red (5R 6/2); calcareous cement. 
Sandstone: Light-gray (N 7); fine- to medium-grained; 

well-sorted; composed of quartz; calcareous cement. 
Mudstone: Grayish-red (lOR 4/2); calcareous cement. 
Siltstone: Pale-red (5R 6/2); muscovite; calcareous 

cement. 
Siltstone: Pale-red (5R 6/2); sandy; muscovite; cal

careous cen1ent. 
~Iudstone: Grayish-red (5R 4/2); silty; calcareous 

celnent. 
:lIudstone: Pale-red (5R 6/2); silty; calcareous cement. 
l\ludstone: Gray,sh-red (5R 4/2) to medium-gray (N 5); 

silty; limestone fragments. 
Claystone and mudstone: Pale-red (5R 6/2); calcareous 

celnent. 
Petrified Forest Member, Sonsela Sandstone Bed: 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Siltstone: Pale-red (5R 6/2); sandstone fragments; 
calcareous cement. 

Petrified Forest Member, lower part: 
Siltstone and mudstone: Pale-red (5R 6/2); limestone 

and sandstone; calcareous cement. 
:lIudstone'and sandstone: Light-gray (N 7), pale-red 

l'PPER CRETACEOUS: 
:;Henefee Formation: 

)10 samples. 
Sandstone: Moderate-yellowish-orange-brown (lOYR 

6/4); very fine to medium-grained; silty; poorly 
sorted; composed of subangular, clear and stained 
quartz; common limonite, rare feldspar, and common 
red and rare dark accessory minerals; rare jasper; 
weakly cemented, calcareous. 

Sandstone: Light-gray (N 7) and yellowish-gray (5Y 7/2); 
very fine to medium-grained; silty; fair-sorted; com
posed of sub angular, clear and stained quartz; common 
lirnonite, rare feldspar. and common red and rare dark 
accessory n1inerals; common siltstone and coal frag
ments; weakly cemented. calcareous. 

Siltstone: Medium-gray (N 5); clay and silt; common 
mica accessory mineral; weakly cemented, calcareous. 

QUATERNARY: 
Alluvium: 

Sand: Yellowish-gray (5Y 7/2); very fine to fine-grained; 
silty; fair- sorted; composed of subrounded to subangu
lar. clear quartz; weakly cemented, calcareous. 

Silty sand: Brownish-gray (5YR 4/1); silt to fine-grained 
sand; fair to poorly sorted; composed of subrounded to 
subangular. clear and stained quartz; common coal 
fragments; rare argillaceous material; weakly ce
mented. calcareous. 

Silty sand: Yellowish-gray (5Y 8/1); silt to fine-grained 
sand; fair to poorly sorted; composed of subrounded to 
subangular. clear quartz; common coal fragments; 
rare argillaceous material; weakly cemented. calcar
eous, 

UPPER CRETACEOUS: 
Crevasse Canyon Formation: 

Dilco Coal Member: 
Silty sandstone: Yellowish-gray (5Y 8/1); silt to fine

grained sand; fair to poorly sorted; composed of sub
rounded to subangular J clear quartz; rare argillaceous 
material and mudstone fragments; weakly cemented, 
calcareous. 

Silty sandstone: Light-olive-gray (5Y 6/1); silt to fine
grained sand; fair to poorly sorted; composed of sub
rounded to subangular, clear quartz; rare argillaceous 
material and mudstone fragments; weakly cemented, 
calcareous. 

Silty sandstone: Very light gray (N 8); silt to fine
grained sand; fair to poorly sorted; composed of sub
rounded to subangular J clear quartz; rare mica acces
sory mineral; rare to absent carbonaceous material; 
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(5R 6/2), and grayish-red (lOR 4/2); silt and very 
fine to medium-grained sand; limestone. 

Sandstone: Light-gray (N 7) to yellowish-gray (5Y 7/2); 
very fine to medium- grained; silty; poorly sorted; 
composed of quartz; calcareous cement. 

Lower red member and Shinarump Member undifferen
tiated: 

Mudstone and limestone: White (N 9) to pale-red (5R 
6/2); some sandy siltstone. 

Sandy siltstone and silty mudstone: Moderate-red (5R 
5/4) and grayish-red-purple (5RP 4/2). 

Sandstone: Moderate-red (5R 5/4) and grayish-red
purple (5RP 4/2); very fine grained; silty; poorly 
sorted; some mudstone and limestone. 

Claystone: Grayish-red (lOR 4/2); calcareous cement. 
Claystone: White (N 9), moderate-red (5R 5/4), and 

grayish-red-purple (5RP 4/2); some siltstone and 
limestone. 

Claystone: Medium-light-gray (N 6); calcareous ce
ment. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Siltstone, mudstone, claystone, and limestone: Medi
um-light-gray (N 6), moderate-red (5R 5/4), and 
grayish-red-purple (5RP 4/2). 

Mudstone: Grayish-red-purple (5RP 4/2); silty; cal
careous cement. 

Siltstone and mudstone: Light- gray (N 7), moderate
red (5R 5/4), and grayish-red-purple (5RP 4/2); 
limestone fragments. 

Siltstone: Medium-light-gray (N 6) and grayish-red
purple (5RP 4/2); silty mudstone; calcareous cement. 

Siltstone: Grayish-red (lOR 4/2); muscovite; calcar
eous cement. 

Claystone: Medium-light-gray (N 6), moderate-red 
(5R 5/4), grayish-red (lOR 4/2), and grayish-red-
purple (5RP 4/2); limestone fragments. , 

Mudstone: White (N 9) and light-red (5R 6/ 6);' Hmestone. 
MIDDLE(?) AND LOWER TRIASSIC, AND PERMIAN: 

Moenkopi Formation and San Andres Limestone undiffer
entiated: 

Siltstone: Medium-light-gray (N 6); calcareous cement. 
Siltstone: Very light gray (N 8); sandy; calcareous 

cement. 
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Sandstone: Light-gray (N 7); very fine to medium
grained; fair-sorted; composed of subangular. clear 
quartz; rare feldspar. and common red and rare 
dark accessory minerals; weakly cemented. calcar
eous. 

Siltstone: Medium-gray (N 5); common mica acces
sory mineral; weakly cemented, calcareous. 

Sandstone: Light-gray (N 7); very fine to medium
grained; silty; poorly sorted; composed of subangu
lar. clear quartz; rare feldspar. and common red 
and rare dark accessory minerals; weakly cemented. 
calcareous. 

Sandy siltstone: Medium-gray (N 5); silt and very fine 
to medium-grained sand; composed of subrounded to 
subangular J clear quartz; common mica accessory 
mineral; weakly cemented. calcareous. 

l6T-339 
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weakly cemented, calcareous. 
Siltstone and mudstone: Medium-light-gray (N 6); clay, 

silt, and fine-grained quartz sand; weakly cemented, 
calcareous. 

Sandstone: Light-olive-gray (5Y 6/1) and black (N 1); 
fine-grained; well-sorted; composed of subangular 
to angular, clear quartz; rare pyrite accessory min
eral; abundant coal fragments and rare mudstone 
pellets; weakly cemented, calcareous. 

Coal: Medium-gray (N 5) to grayish-black (N 2); silt 
and fine-grained quartz sand; rare mudstone frag
ments; calcareous cement. 

Siltstone: Medium-light-gray (N 6); silt and fine
grained quartz sand; abundant to rare coal fragments; 
weakly cemented, calcareous. 

Silty sandstone: Light-olive-gray (5Y 6/1); silt to fine
grained sand; poorly sorted; com posed of clear and 
stained quartz; rare pyrite accessory mineral; com
mon coal fragments; weakly cemented, calcareous. 

Siltstone: Medium-light-gray (N 6); silt and fine
grained quartz sand; abundant coal fragments and 
rare to common mudstone fragments; weakly ce
mented, calcareous. 

Sandstone: Medium-gray (N 5) to grayish-black (N 2); 
very fine to fine-grained; well-sorted; composed of 
subrounded to angular, clear quartz; rare pyrite 
accessory mineral; abundant coal fragments and 
common mudstone fragments; calcareous. ar'gilla
ceous, and siliceous cement. 

Siltstone: Light-olive-gray (5Y 6/1); silt and fine
grained quartz sand; argillaceous and siliceous 
cement. 
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Table 1. --Selected lithologic logs of wells io the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Contioued 

Siltstone and mudstone: Medium-light-gray (N 6); clay 
and silt; rare coal fragments; weakly cemented, cal-
careous and argillaceous. 

UPPER CRETACEOUS: 
Gallup Sandstone: 

Sandstone: Very light gray (N 8); medium-grained; 
well-sorted; composed of subangular to angular J clear 
quartz; rare ll1udstone fragments; siliceous cement. 

QUATERNARY: 
\V indblown sands: 

Sand: Light-brown (5YR 6/4); very fine to coarSe
grained; silty; poorly sorted; composed of quartz; 
calcareous cen1ent. 

.';lluvium: 
Silty sand: Light-brown (5YH 6/4); silt to very coarse 

grained sand; poorly sorted; composed of quartz; 
lin1estone fragments; calcareous cement. 

Silty sand: Grayish-orange-pink (5YR 7/2); silt to very 
coarse grained sand; poorly sorted; limestone frag
ments; calcareous cement. 

UPPEH THIASSIC: 
Chinle Formation: 

Petrified Forest lVlember J upper part: 
Siltstone: Pale-red (lOH 6/2); sandy; mudstone frag

ments; calcareous cement. 
Sandstone: Pale-red (5H 6/2); fine- to medium-grained; 

fair-sorted; composed of quartz; calcareous cement. 
Sandstone: Pale-red (5R 6/2); very fine to coarse

grained; silty; poorly sorted; composed of quartz; 
limestone fragments; calcareous cement. 

Siltstone: Pale-red (lOR 6/2); sandy; limestone frag
ments; calcareous cement. 

Sandstone: Pale-red (10H 6/2); very fine to medium
grained; silty; poorly sorted; composed of quartz; 
calcareous cement. 

Siltstone: Pale-red (lOH 6/2); sandy; calcareous ce
ment. 

Petrified Forest Member, Sonsela Sandstone Bed: 
Sandstone: Pale-red (lOR 6/2); very fine to medium

grained; composed of quartz; limestone fragments; 
calcareous cement. 

Sandstone: Pale-red (lOR 6/2); very fine to medium
grained; poorly sorted; composed of quartz; limestone 
and siltstone fragments; calcareous cement. 

Mudstone: Pale-red (lOR 6/2); silty; calcareous cement. 
Siltstone: Pale-red (10H 6/2); sandy; mudstone frag

ments. 
Sandstone: Pale-red (lOH 6/2); fine- to medium

grained; fair-sorted; composed of quartz; limestone 
and siltstone fragments; calcareous cement. 

Sandstone: Pale-red (lOH 6/2); very fine to coarse
grained; poorly sorted; composed of quartz; limestone 
fragments; calcareous cement. 

Siltstone: Pale-red (lOR 6/2); sandy; limestone and 
mudstone fragn1ents. 

Sandstone: Pale-red (10H 6/2); very fine to very coarse 
grained; silty; poorly sorted; composed of quartz; 
limestone fragments; calcareous cement. 

Sandstone: Pale-red (lOR 6/2); very fine to very coarse 
grained; silty; poorly sorted; composed of quartz; 
chert fragments; calcareous cement. 

Petrified Forest Member, lower part: 
Claystone: Grayish-red-purple (5HP 4/2); calcareous 

cement. 
Siltstone: Pale-red (lOH 6/2); sandy; limestone frag-

QUATERNAHY: 
Alluvium: 

Silty sand: Pa1e-reddish-brown (lOR 5/4); very fine to 
coarse-grained; poorly sorted; composed of quartz; 
calcareous cement. 

UPPEH TRIASSIC: 
Chinle Formation: 

Owl Hock Member: 
Siltstone: Pale-reddish-brown (10H 5/4); sandy; lime

stone fragments; calcareous cement. 
Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

medium-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

Siltstone: Pale-reddish-brown (lOR 5/4); sandy; lime
stone fragments; calcareous cement. 

Petrified Forest Member, upper part: 
Mudstone: Moderate-red (5R 5/4); silty; 'limestone 

fragments; calcareous cement. 
Siltstone: Pale-reddish-brown (lOH 5/4); sandy; calcar

eous cement. 
Siltstone: Pale-red (lOR 6/2); sandy; calcareous ce

ment, 
Siltstone: Pale-red (lOH 6/2); calcareous cement, 
Siltstone: Moderate-red (5R 5/4); mudstone; calcareous 
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Sandstone: Very light gray (N 8); fine-grained; well-
sorted; composed of subangular to angular, clear 

240 quartz; siliceous cement. 
Sandstone: Very light gray (N 8); medium-grained; 

well-sorted; composed of sUbangular to angular, 
clear quartz; rare mUdstone fragments; siliceous 
cement. 
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ments; calc~reous cement. 
Mudstone: Light-brownish-gray (5YH 6/1); silty; 

calcareous cement. 
Sandstone: Pale-red (10H 6/2); fine- to medium

grained; fair-sorted; composed of quartz; limestone 
and chert fragments; calcareous cement. 

Mudstone: Pale-red (lOR 6/2); sandy; silty; calcar
eous cement. 

Siltstone: Grayish-red (lOH 4/2); calcareous cement. 
Mudstone: Grayish-red-purple (5HP 4/2); silty; cal

careous cement. 
Siltstone: Grayish-red (5H 4/2); calcareous cement. 

UPPEH TRIASSIC,AND MlDDLE(?) ";:'-iD LO\\"ER THIASSIC: 
Chinle Formation (lowet red n1ember) and :\Ioenkopi 

Formation undifferentiated: 
IVludstone: Pale-red (lOn 6/2); silty; calcareous cement. 
Mudstone and claystone: Pale-red (lOH 6/2); silty; 

calcareous cement. 
Siltstone: Pale-red (5R 6/2); sandy; claystone frag

ments. 
Mudstone and claystone: Pale-red (lOH 6/2); sandy. 
Mudstone: Pale-red (5H 6/2); silty; muscovite acces

sory mineral; limestone fragments; calcareous ce
ment. 

Mudstone: Pale-red (5R 6/2); silty; muscovite acces
sory mineral; limestone, claystone, sand, and gyp
sum fragments; calcareous cement. 

Sandstone: Very pale orange (10YH 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Mudstone and claystone: Pale-red (5R 6/2); silty; 
sand grains; calcareous cement. 

PEHMIAN: 
Glorieta Sandstone: 

Sandstone: Very pale orange (10YR 8/2); very fine to 
medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Very pale orange (lOYH 8/2); very fine to 
coarse-grained; poorly sorted; composed of quartz; 
calcareous cement. 

Sandstone: Very pale orange (lOYH 8/2); very fine to 
medium-grained; fair-sorted; composed of quartz; 
calcareous cement. 

Siltstone: Pale-red (10H 6/2); sandy; biotite acces
sory mineral; calcareous cement. 

Sandstone: Very pale orange (10YH 8/2); very fine to 
fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Mudstone: Grayish-orange-pink (5YH 7/2); silty; bio
tite accessory mineral. 

Yeso Formation: 
Siltstone: Pale-reddish-brown (lOR 5/4); sandy; cal

careous cement. 
Siltstone: Pale-red (10H 6/2); sandy; gypsum acces

sory mineral; calcareous cement. 
Siltstone: Pale-red (10H 6/2); sandy; calcareous ce

ment. 
San Antone Mission 
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cement. 
Siltstone: Pale-red (10H 6/2); sandy; calcareous cement, 
Siltstone and mudstone: Pale-reddish-brown (lOR 5/4); 

limestone fragments. 
Siltstone and mudstone: Pale-reddish-brown (lOH 5/4); 

calcareous cement. 
Siltstone and mudstone: Pale-reddish-brown (lOH 5/4); 

limestone fragments; calcareous cement. 
Siltstone: Pale-reddish-brown (lOR 5/4); calcareous 

cement. 
Siltstone: Pa1e-reddish-brown (lOH 5/4); mudstone 

and limestone fragments; calcareous cement. 
Siltstone: Pa1e-reddish-brown (lOH 5/4); calcareous 

cement. 
Siltstone: Pale-reddish-brown (lOR 5/4); mudstone 

fragments; calcareous cement. 
Mudstone: Pale-red-purple (5RP 6/2); limestone 

fragments; calcareous cement. 
Siltstone and mudstone: Pale-red (lOR 6/2); calcar

eous cement. 
Siltstone: Pale-red (lOR 6/2); calcareous cement. 
Siltstone: Pale-red (5R 6/2); sandy; biotite accessory 

n1ineral; calcareous cement. 
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UPPER CRETACEOUS: 
Menefee Formation: 

Silty sandstone: Dark-yellowish-brown (lOYR 4/2); silt 
and very fine to medium-grained sand; poorly sorted; 
composed of subrounded to subangular, clear quartz; 
rare mudstone and coal fragments; weakly cemented, 
calcareous. 

Siltstone and mudstone: Yellowish-gray (5Y 7/2); clay 
and silt; weakly cemented, calcareous and argilla
ceous. 

Siltstone and mudstone: Medium-light-gray (N 6); clay, 
silt, and S01118 fine-grained quartz sand; rare limonite 
accessory mineral; weakly cemented, calcareous and 
argillaceous. 

Sandy siltstone: Medium-light-gray (N 6); silt and fine
grained quartz sand; rare ll1udstone fragments; weak
ly c8rnented, calcareous. 

Silty sandstone: Very light gray (N 8) to light-gray (N 7); 
silt to fine-grained sand; poorly sorted; composed of 
subrounded to subangular, clear quartz; weakly ce
Inented, calcareous. 

Sandstone: Very light gray (N 8) to light-gray (N 7); 
fine- to medium-grained; silty; poorly sorted; com
posed of subrounded to angular, clear and stained 
quartz; rare pyrite accessory mineral; common wood 
fragments and mudstone pellets; weakly cemented, 
calcareous. 

Siltstone and mudstone: Light-gray (N 7); clay and silt; 
weakly cemented, calcareous and argillaceous. 

FPPEl{ THIASSIC: 
Chinle Formation: 

Lower red melnber: 
Sandstone: Pale-brown (5YR 5/2); very fine to very 

coarse grained; silty; poorly sorted; composed of 
quartz; quartz pebbles; siltstone and mudstone frag
lllents; calcareous celllent. 

Sandstone: Light-brownish-gray (5YH 6/1); very fine 
to very coarse grained; silty; poorly sorted; composed 
of quartz; quartz pebbles; siltstone and mudstone frag
lllents; calcareous cement. 

Siltstone: Pale-red (lOR 6/2); sandy; mudstone frag
Inents; calcareous cement. 

Sandstone: Grayish-orange- pink (5YR 7/2); very fine 
to very coarse grained; silty; poorly sorted; composed 
of quartz; quartz pebbles; mudstone fragments; cal
careous cement. 

Sandstone: Pale-red (lOR 6/2); very fine to medium
grained; silty; poorly sorted; composed of quartz; 
Inudstone pellets; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4) and pale
red (lOR 6/2); very fine to very coarse grained; silty; 
poorly sorted; composed of quartz; mudstone and silt
stone fragments; calcareous cement. 

Siltstone and mudstone: Pale-grayish-red (IOH 5/2); 
sandstone fragments. 

Shinarump Member: 
Calcareous siltstone: Grayish-orange-pink (5YR 7/2); 

sandstone fragments. 
:lIIDDLE(?) AND LOWER TRIASSIC: 

:lIoenkopi Formation: 
Sandstone: Moderate-orange-brown (5YR 7/4); very fine 

UPPEH CRETACEOUS: 
Crevasse Canyon Formation: 

Bartlett Barren Member: 
Sandstone: Yellowish-gray (5Y 7/2); medium-grained; 

poorly sorted; siltstone. 
Siltstone: Light-olive-gray (5Y 5/2); clayey; carbona

ceous material and medium-grained sandstone. 
Siltstone: Light-olive-gray (5Y 5/2); clayey. 
Sandstone: Light-olive-gray (5Y 5/2); fine-grained; 

poorly sorted; siltstone fragments. 
Siltstone: Medium-light-gray (N 6); carbonaceous ma

terial. 
Siltstone: Light-gray (N 7); sandy; carbonaceous ma

terial. 
Dileo Coal Member: 

Carbonaceous siltstone: Grayish-black (N 2). 
Siltstone: Medium- gray (N 5); sand. 

QUATERNARY: 
Alluvium: 

Sandy silt: Yellowish- gray (5Y 7/2); silt to fine-grained 
sand; composed of subrounded to angular) clear quartz; 
rare mica and feldspar. and moderately common red 
and black accessory minerals; rare to absent carbona
ceous material; weakly cemented. calcareous. 

Sandy silt: Light-olive-gray (5Y 5/2); silt and very fine 
to medium-grained sand; poorly sorted; rare mica. 
feldspar, limonite. and dark accessory minerals; mod
erately common mudstone and claystone fragments, and 
abundant coal fragments; weakly cemented, calcareous. 

Mud: Light-gray (N 7); clay, silt, and some sand; rare 
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Menefee Formation and Crevasse Canyon Formation 
undifferentiated: 

Sandy siltstone: Very light gray (N 8); silt and fine
grained quartz sand; common mudstone fragments 
and rare carbonaceous material; weakly cemented, 
calcareous. 

Siltstone: Light-gray (N 7); silt and fine-grained quartz 
sand; rare to absent mica accessory mineral; rare to 
common carbonaceous material and rare to absent 
mudstone fragments; weakly cemented) calcareous. 

Siltstone: Medium-light-gray (N 6); silt; common car
bonaceous material and rare mudstone fragments; 
weakly cemented) calcareous. 

Silty sandstone: Medium-light-gray (N 6); silt to fine
grained sand; poorly sorted; composed of subrounded 
to angular) clear quartz; common mudstone pellets 
and rare carbonaceous material; weakly cemented) 
calcareous. 

Siltstone and mudstone: Light-gray (N 7); clay, silt, and 
fine-grained quartz sand; rare carbonaceous material; 
weakly cemented) calcareous and argillaceous. 

Silty sandstone: Very light gray (N 8); silt to fine
grained sand; poorly sorted; composed of subrounded 
to angular) clear quartz; rare mudstone pellets and 
carbonaceous material; weakly cemented, calcare
ous. 

Siltstone: Light-gray (N 7); silt and fine-grained quartz 
sand; rare mudstone fragments and carbonaceous ma
terial; weakly cemented) calcareous. 
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to medium-grained; silty; well-sorted; composed of 
quartz; calcareous cenlent. 

Siltstone: Pale-brown (5YH 5/2); sandy; sandstone 
fragments; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to medium-grained; silty; fair-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Very pale orange (lOYl{ 8/2) to modei'ate
orange-pink (5YH 8/4); very fine to medium-grained; 
well-sorted; composed of quartz; mudstone frag
ments; calcareous cement. 

Sandstone: Light-orange-brown (5YH 7/4); very fine 
to very coarse grained; poorly sorted; conlposed of 
quartz; calcareous cement. . 

PERMIAN: 
Glorieta Sandstone: 

Sandstone: Grayish-orange-pink (lOR 8/2); very 
fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Grayish-orange-red (lOR 7/2); very fine 
to fine-grained; silty; well-sorted; composed of 
quartz; calcareous cenlent. 

Sandstone: Moderate-orange- pink (l0l{ 7/4); very 
fine to fine-grained; silty; poorly sorted; conl
posed of quartz; calcareous cement. 

Sandstone: Pale-grayish-red (lOR 5/2); very fine to 
very coarse grained; silty; poorly sorted; composed 
of quartz; calcareous cement, 
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Siltstone: Medium-gray (N 5); clayey; carbonaceous 
material. 

Claystone: Medium-light-gray (N 6); silty. 
Claystone: Medium-gray (N 5); silty; carbonaceous 

material. 

Gallup Sandstone: 

Sandstone: Light-olive-gray (5Y 5/2); medium
grained; fair-sorted; claystone fragments. 

Sandstone: Grayish-pink (5H 8/2); medium- grained; 
fair-sorted; claystone fragments. 

Sandstone: Very pale orange (IOYH 8/2); coarse
grained; poorly sorted; claystone fragments. 

Sandstone: Grayish-pink (5H 8/2); very coarse 
grained; poorly sorted; claystone fragments. 

No samples. 

16K-337 
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limonite, red, and black accessory minerals; rare 
to common coal fragments; weakly cenlented J cal
careous and argillaceous. 

UPPER CRETACEOUS: 
Mancos Shale: 

Sandy siltstone: Light-gray (N 7); silt to fine-grained 
20 sand; rare mica, feldspar. and dark accessory l11in

erals; rare to common coal fragments; weakly ce
mented, calcareous. 

Siltstone: Very light gray (N 8); silt; rare mica. feld
spar) and dark accessory minerals; weakly cell1ented, 

30 calcareous. 
Mudstone: Light-gray (N 7); clay, silt. and some sand; 
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Table 1. --Selected litholol/ic log8 of wells in tbll Novajo and Hopllndian Reservations, Arizona, New Mexico, and Utah-Continued 

rare linlonite and dark accessory minerals; rare coal 
fraglnents; weakly cenlented, calcareous and argilla
ceous. 

l1PPER AND LOWEH CRETACEOUS: 
. Dakota Sandstone: 

Sandstone: Grayish-orange-pink (5YI{ 7/2); very fine 
to coarse-grained; silty; poorly sorted; composed of 
subanguIal' to angular, clear and stained quartz; mod
erately common 11lica, and rare feldspar and dark 
accessory lllineralsj rare to absent coal fraglllents; 
weakly cenlented, noncalcareous. 

Sandstone: Light-brownish-gray (5YR 6/1); very fine 
to very coarse grained; poorly sorted; COll1posed of 
subrounded to angular, clear quartz; rare mica, feld
spar, and dark accessory rninerals; common siltstone, 
llludstone, and coal fragments; weakly cemented, cal
careous. 

~Iudstone: Light-gray (N 7); clay, silt, and some sand; 
rare limonite and dark accessory minerals; rare coal 
fragments; weakly cenlented, calcareous and argilla
ceous. 

Siltstone: Very light gray (:-.r 8); silt; rare mica, feld
spar, and dark accessory minerals; weakly cemented, 
calcareous. 

Sandstone: Light-gray (N 7); very fine to coarse-grained; 
silty; poorly sorted; conlposed of subangular to angu
lar J clear and stained quartz; rare limonite, moder
ately common feldspar, and common mica and dark 

l"PPEI{ THL\SSIC: 
Chinle Formation: 

Petrified Forest )'Iember, upper part: 
Sandstone: :\lodel'ate-brown (5 YI{ 4/4); medium

grained. 
Siltstone: Pale-reddish-brown (lOR 5/4); sandy. 
Claystone: Pale-reddish-brown (lOR 5/4); silty; lime

stone fragments, 
Sandstone: Grayish-red (5R 4/2); very coarse grained; 

composed of limestone fragnlents. 
Claystone: Grayish-red (5R 4/2); silty; limestone frag

ments. 
Sandstone: Grayish-red (5R 4/2); very coarse grained; 

composed of limestone fragments. 
Claystone: Grayish-red (5R 4/2); silty; limestone frag

ments. 
Petrified Forest :\.Iember, Sonsela Sandstone Bed: 

Claystone: :\Iedium-gray (l'; 5); silty; medium-grained 
sandstone and limestone fragments; calcareous cement. 

Claystone: Grayish-red (5R 4/2); silty; medium-grained 
sandstone and limestone fragments. 

Sandstone: Very pale orange (10YI{ 8/2); fine-grained; 
calcareous cenlent. 

Petrified Forest :\Ienlber, lower part: 
Claystone: Grayish-purple (5P 4/2) and white (N 9); 

silty. 
Claystone: Grayish-red (5R 4/2); silty. 
Siltstone: Dark-reddish-brown (lOR 3/4); clayey. 

Qr,\TEfL\I\I{Y: 
:\lluvium: 

Silty sand: Light-brown (5YR 6/4); very fine grained; 
poorly sorted. 

Sand: Light-brown (5YR 6/4); very fine grained; poorly 
sorted; linlestone and quartz fragments. 

Sandy silt: Light-brown (5YR 6/4). 
Sandy silt: Light-brown (5YR 6/4); gray siltstone frag

ments. 
CPPEI{ TRIASSIC:' 

Wingate Sandstone: 
Roc k Point :\IIerrlber: 

Siltstone: Moderate-reddish-brown (101{ 4/6); silt; very 
fine grained sandstone fragments. 

Siltstone: Light-brown (5YR 6/4); silt; very fine grained 
sandstone fragments. 

Sandstone: Moderate-brown (5YR 4/4); very fine grained; 
silty. 

Chinle Formation: 
Owl Rock wlember: 

Sandstone: Moderate-brown (5YR 4/4); very fine grained; 
silty; limestone fragments. 

Sandstone: Light-brown (5YR 6/4); very fine grained; 
silty; limestone fragments. 

Siltstone, sandstone, and limestone: Pale-brown (5YR 
5/2); very fine grained. 

Limestone and siltstone: Grayish-orange-pink (5YH 7/2). 
Siltstone, limestone, and sandstone: Pale-brown (5YR 

5/2); very fine grained. 
Limestone and sandy limestone: Grayish-orange-pink 

(5YR 7/2); some siltstone fragments. 
Petrified Forest Member: 

Claystone: Pale-brown (5YR 5/2); some limestone 

16K-337-Continued 
124-1. 80-5. 70 

accessory minerals; weakly cemented, calcareous. 
Sandy siltstone: White (N 9); silt to fine-grained sand; 

10 110 II rare mica, feldspar, and dark accessory minerals; 
rare coal fragments; weakly cemented, calcareous. 

Sandstone: Very light gray (N 8); very fine to medium
grained; silty; well-sorted; composed of subrounded 
to subangular, clear and stained quartz; moderately 
common mica, and rare feldspar and dark accessory 
minerals; rare to absent coal fragments; weakly ce
mented, calcareous. 

30 140 II UPPER JUI{ASSIC: 
Morrison Forulation: 

Westwater Canyon Member: 
Siltstone: Greenish-gray (5GY 6/1); silt; rare to ab

sent pyrite, and rare mica and dark accessory nlin
era1s; weakly cemented, calcareous. 

10 150 II Sandstone: Medium-light-gray (N 6); very fine to very 
coarse grained; silty; poorly sorted; composed of 
rounded to angular J clear and stained quartz; rare 
lllica and dark accessory minerals; common mud-

10 160 stone and siltstone fragments; weakly cemented, cal
careous and argillaceous. 

Sandstone: Yellowish-gray (5Y 7/2); very fine to me-
10 170 II dium-grained; poorly sorted; composed of subangular 

to angUlar, clear and stained quartz; rare mica, feld
spar, and limonite, and moderately common dark 
accessory minerals; weakly cemented, calcareous. 

No samples. 
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Lower red nlenlber: 
Siltstone: Light-brownish-gray (5YR 6/1); clayey; 

fine-grained sandstone fragnlents. 
Claystone: Grayish-red (5R 4/2); silty; limestone 

fragments. 
Claystone: Medium-light-gray (l'; 6); silty. 
Siltstone: Grayish-red (5R 4/2); clayey; limestone 

fragments. 
MIDDLE(?) AND LOWER TRIASSIC: 

l'vloenkopi Formation: 
Siltstone: Light-gray (:-.r 7) to medium-gray (l'; 5); 

pebbles(?); limestone fragments. 
Pebbly sandstone: Medium-light-gray (:\ 6); pebbles 

con1posed of limestone, siltstone, and fine-grained 
sandstone. 

MIDDLE(?) AND LOWER TI{IASSI<;:, AND PER1IB:\: 
lVloenkopi Fornlation and San Andres Limestone undiffer

entiated: 
Siltstone and sandstone: Pale-brown (5YH 5/2); silt 

to very fine grained sand; siltstone and limestone 
fragments. 

PERiVnAN: 
Glorieta Sandstone: 

Sandstone: Grayish-orange-pink (5YR 7/2); fine
grained; well-sorted; siltstone fragments. 

Yeso Formation( ?): 
Sandstone: Light-bl'own (5YH 6/4); fine-grained; com

posed of quartz; some basalt{?) fragments. 
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fragnlents. 
Claystone: Pale-brown (5YH 5/2); limestone frag-

n1ents. 
Claystone: Grayish-red (5R 4/2); limestone fragments. 
Claystone: Pale- red (5R 6/2); limestone fragments. 
Claystone: Dark-reddish-brown (lOR 3/4); limestone 

fragnlents. 
Claystone: Grayish-red (5R 4/2); limestone fragments. 
Claystone: Grayish- red (5R 4/2); fine-grained sand

stone. 
Lower red nlember: 

Siltstone: Grayish-red (5R 4/2); fine-grained sandstone 
and limestone fragments. 

Siltst9ne, sandstone, and linlestone: Pale-brown (5YH 
5/2.); fine-grained. 

Siltstone, sandstone, and limestone: Grayish-purple 
(5P 4/2) to pale-brown (5YH 5/2); fine-grained. 

UPPEH TRIASSIC, AND MIDDLE(?) AND LOWER TlUASSIC: 
Chinle Formation and Moenkopi Formation undifferentiated: 

Claystone, siltstone, and linlestone: Pale-brown (5YH 
5/2). 

Claystone, siltstone, sandstone, and linlestone: Pale
brown (5YR 5/2) and medium-bluish-gray (5B 5/1); 
fine- grained. 

Claystone, siltstone, and limestone: Pale-brown (5YR 
5/2). 

Claystone, siltstone, and limestone: Pale-brown (5YR 
5/2) and medium-gray (N 5), 

Claystone, siltstone, sandstone, and limestone: Pale
brown (5YH 5/2) and medium-gray (N 5); medium
grained. 

No samples. 
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UPPER TRIASSIC: 
Chinle Formation: 

Shinarump IVletnber: 
Sandy siltstone: Moderate-orange-brown (lOR 6/4); silt 

to fine-grained sand; composed of rounded to subangu
lat·, clear and frosted quartz; rare limonite and dark 
accessory minerals; rare argillaceous material; weak
ly cenlented~ calcareous and siliceous. 

I'EHl\IHN: 
De Chelly Sandstone: 

t'pper member: 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to fine-grained; silty; poorly sorted; composed of 
rounded to subanguIal', clear, stained, and frosted 
quartz; rare limonite and dark accessory nlinerals; 
weakly C8lnented, calcareous and siliceous. 

Sandstone: l\Ioderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair-sorted; composed of round
ed to subanguIal', clear, stained, and frosted quartz; 
r8re linl0nite and dark accessory minerals; weakly 
cemented, calcareous and siliceous. 

Sandstone: Moderate-orange-brown (lOR 6/4); very 
fine to fine-grained; Silty; poorly sorted; composed 
of rounded to subangular, clear,· stained, and frosted 
quartz; rar8 lilnonite and dark accessory minerals; 
weakly C8111ented, calcareous and siliceous. 

Sandstone: l\'1oderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair-sorted; composed of round
ed to sub angular , clear, stained, and frosted quartz; 
rare linl0nite and dark accessory minerals; weakly 
cemented) calcareous and siliceous. 

QL~TER:"iARY: 

.~lluviul11: 

Sand: Grayish-orange-pink (lOR 8/2) to pale-brown 
(5YR 5/2); very fine to medium-grained; silty; poorly 
sorted; cOlnposed of rounded to subangular, clear and 
frosted quartz; rare dark accessory minerals; rare 
hematite spherules and argillaceous material; weakly 
cenlented) ferruginous. 

PER:\IB:"i: 
De Chelly Sandstone: 

l'pper member: 
Sandstone: Moderate-orange-pink (5YR 8/4); very fine 

to fine-grained; silty; fair- to well-sorted; composed 
of subrounded to sub angular , clear and frosted quartz; 
rare dark accessory minerals; rare hematite spher
uiesl and argillaceous material; weakly cemented, fer
ruginous. 

Sandstone: Very pale orange (IOYR 8/2) and moderate
orange-pink (5YR 8/4); fine-grained; well-sorted; 
composed of subangular to angular, clear and frosted 
quartz; rare dark accessory minerals; rare hematite 
spherules; weakly cemented) ferruginous. 

Sandstone: Very pale orange (IOYR 8/2) and moderate
orange- pink (5YR 8/4); very fine to fine-grained; silty; 
well-sorted; composed of subangular to angular, clear 
and frosted quartz; rare dark accessory minerals; 
rare henlatite spherules; weakly cemented.' ferrugi
nous, 

Sandstone: :Vloderate-orange-pink (5YR 8/4) to light
brown (5YR 6/4); very fine to fine-grained; silty; well
sorted; composed of subangular to angular) clear and 
frosted quartz; rare dark accessory minerals; rare 
hematite spherules; weakly cemented. ferruginous. 

Sandstone: :Vloderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; silty; fair to poorly sorted; com
posed of subrounded to angular, clear, stained, and 
frosted quartz; rare hematite spherules; weakly ce
mented) ferruginous. 

Sandstone: Moderate-orange-pink (5YR 8/4,and lOR 7/4); 
very fine to fine-grained; silty; fair- to well-sorted; 
composed of subrounded to sub angular , clear and 
frosted quartz; rare dark accessory minerals; weakly 
cemented, ferruginous. 

Sandstone: Moderate-reddish-orange (lOR 6/6) to mod
erate-orange-pink (lOR 7/4); very fine to fine-grained; 
fair- to well-sorted; composed of subrounded to sub
angular, clear) stained, and frosted quartz; rare dark 
accessory minerals; weakly cemented, ferruginous. 

Siltstone: Grayish-orange-pink (lOR 8/2); silt and very 

TERTIARY: 
Bidahochi Formation: 

Upper member: 
Sandstone: Grayish-orange-pink (5YR 7/2); very fine 

to medium-grained; silty; poorly sorted; composed 
of quartz; calcareous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); silty; poor
ly sorted; composed of quartz; basalt fragments; cal
careous cement. 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to coarse-grained; poorly sorted; composed of quartz; 
basalt fragments; calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to coarse
grained; poorly sorted; composed of quartz; jasper 
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Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to fine-grained; silty; poorly sorted; composed 
of rounded to subangular, clear, stained, and frosted 
quartz; rare limonite and dark accessory minerals; 
weakly cemented, calcareous and siliceous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to fine-grained; silty; fair-sorted; composed of 
rounded to subangular, clear, stained, and frosted 
quartz; rare limonite and dark accessory minerals; 
weakly cemented, calcareous and siliceous. 

Sandstone: Moderate-orange- pink (5YR 8/4); very 
fine to fine-grained; well-sorted; composed of sub
rounded to subangular, clear J stained, frosted. and 
pitted quartz; rare to common limonite and dark 
accessory minerals; rare argillaceous material; 
weakly to firmly cemented, calcareous. siliceous, 
and ferruginous. 

Lower member: 
Sandstone: Moderate-reddish-orange (IOH 6/6); very 

fine to fine-grained; silty; fair-sorted; composed of 
clear J stained, frosted, and pitted quartz; rare to 
common limonite and dark accessory minerals; weak
ly to firmly cemented, calcareous, siliceous, and 
ferruginous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; composed of sub
rounded to subangular J clear, stained) frosted) and 
pitted quartz; rare to common limonite and dark 
accessory minerals; rare argillaceous material; 
weakly to firmly cemented, calcareous, siliceous, 
and ferruginous. 

17T-368 
109-11 50-16 45 

fine grained quartz sand; poorly sorted; weakly ce
mented, ferruginous. 

Silty sandstone: Moderate-orange-pink (5YR 8/4) and 
grayish-orange-pink (5YR 7/2); silt to very fine 
grained sand; fair-sorted; composed of subrounded 
to angular, clear and frosted quartz; rare dark acces
sory minerals; rare argillaceous material; weakly 

20 cemented, ferruginous. 
Sandstone: Moderate-orange-pink (5YR 7/4); very 

fine to fine-grained; silty; fair-sorted; composed 
of subrounded to subangular, clear and frosted quartz; 
rare dark accessory minerals; weakly cemented) 
ferruginous. 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Silty sandstone: Moderate-orange-pink (lOR 7/4) to 
60 pale-reddish-brown (lOR 5/4); silt to fine-grained 

sand; fair-sorted; composed of sub rounded to sub
angular, clear) frosted, and stained quartz; rare 
dark accessory minerals; weakly cemented, calcar
eous. 

100 Silty sandstone: Moderate-reddish-orange (lOR 6/6) 
and moderate-orange-pink (lOR 7/4); silt to very 
fine grained sand; fair to poorly sorted; rare dark 
accessory minerals; weakly cemented, calcareous. 

Silty sandstone: Pale-reddish-brown (lOR 5/4) and 
moderate-orange- pink (lOR 7/4); silt to fine- grained 

120 sand; poorly sorted; composed of subrounded to sub
angular, clear, stained, and frosted quartz; rare 
dark accessory minerals; weakly cemented, cal
careous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine-
130 to coarse-grained; fair-sorted; composed of rounded 

to angular, clear, stained, and frosted quartz; rare 
limonite and common dark accessory minerals; firnl
ly cemented, calcareous and ferruginous; water
bearing. 

150 Silty sandstone: Moderate-reddish-orange (lOR 6/6) 
and moderate-orange-pink (lOR 7/4); silt to very 
fine grained sand; poorly sorted; composed of sub
rounded to subangular, clear, stained, and frosted 
quartz; rare dark accessory minerals; weakly ce-

200 mented, calcareous. 
Silty sandstone: Moderate-reddish-orange (lOR 6/6); 

silt to fine-grained sand; poorly sorted; composed 
of subrounded to subangular, clear. stained) and 
frosted quartz; rare dark accessory minerals; rare 

260 to absent micaceous material; weakly cemented, 
calcareous. 
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and basalt fragments; calcareous cement. 
Sandstone: Grayish-orange (10 YR 7/4); very fine 

to coarse-grained; poorly sorted; composed of 
quartz; jasper and basalt fragments; calcareous 
cement. 

Sandstone: Grayish- orange (lOR 7/4); very fine to 
medium-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-orange (IOYR 7/4); very fine to 
coarse-grained; poorly sorted; composed of quartz; 
calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to me
dium-grained; fair-sorted; composed of quartz; 
calcareous cement. 
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Table 1. --Selected lithologic logs of wells io the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Contioued 

PPPER TRL~SSIC: 
Chinle Formation: 

Petrified Forest IYlember: 
Sandstone: Pale-red (lOR 6/2); very fine to medium

grained; fair-sorted; composed of quartz; calcareous 
cement. 

Sandstone: ilToderate-reddish-orange (lOR 6/6); very 
fine to mediu1l1-grained; fair-sorted; composed of 
quartz; calcareous cement. 

Siltstone: Pale-red (5R 6/2); sandy; calcareous cement, 
Sandstone: Moderate-reddish-orange (lOR 6/6); fine-

to 'n1edium-grained; well-sorted; composed of quartz; 
calcareous ce1l1ent. 

Sandstone: Pale-red (5R 6/2); very fine to medium
gl'ained; silty; poorly sorted; C01l1posed of quartz; 
biotite accessory mineral; calcareous cement. 

~ludstone: Pale-red (5R 6/2) and light-gl'eenish-gray 
(5Y 8/ l}j silty and sandy; biotite accessory mineral. 

~ludstone: Grayish-red-purple (5RP 4/2); silty and 
sandy; biotite accessory mineral. 

:'.Iudstone: Grayish-red-purple (5RP 4/2) and pale-red 
(5R 6/2); silty and sandy; limestone pellets, 

Siltstone: Pale-red (5R 6/2); sandy; calcareous cement. 
Sandstone: Pale-red (lOR 6/2); very fine to coarse

grained; silty; poorly sorted; composed of quartz; 
biotite accessory mineral; calcareous cement. 

:lludstone: Very light gray (N 8); silty; calcareous ce-
ment. . 

Siltstone: Very light gray (N 8); sandy; calcareous ce
ment. 

:'.Iudstone: Grayish-purple (5P 4/2); silty; calcareous 
cement. 

Siltstone: Pale-red (lOR 6/2); sandy; calcareous ce
ment. 

Siltstone: Pale-red (lOR 6/2); sandy; biotite accessory 
mineral; calcareous cement. 

~Iud"tone: Grayish-purple (5P 4/2); calcareous cement, 
Siltstone: Pale-red-purple (5RP 6/2); biotite accessory 

mineral; calcareous cement. 
Siltstone: Pale-red (5R 6/2); sandy; biotite accessory 

mineral; calcareous cement. 
Siltstone: Grayish-red (5R 4/2); sandy; biotite acces

sory mineral; calcareous cement. 
Siltstone: Pale-red (lOH 6/2); sandy; biotite accessory 

mineral; calcareous cement. 
Siltstone and mudstone: Pale-red (5R 6/2); calcareous 

cement. 
~Iudstone and siltstone: Pale-grayish-red (5R 5/2); 

limestone pellets; calcareous cement. 
Siltstone and mudstone: Pale-grayish-red (51{ 5/2); 

calcareous cement. 
~Iudstone: Pale-grayish-red (5R 5/2) and medium

light-gray (" 6); calcareous cement, 
Shinarump :'vlember: 
~Iudstone: Pale-grayish-red (5R 5/2) and medium

light-gray (.\1 6); silty and sandy; calcareous cement. 
~Iudstone and claystone: Medium-light-gray (N 6); cal

careous cement. 
Siltstone and mudstone: Medium-light-gray (N 6); bio

tite accessory mineral; calcareous cement. 
Sandstone: ;Vledium-light-gray (N 6) and light-brownish

gray (5YR 6/1); fine to very coarse grained; poorly 
sorted; composed of quartz; siltstoneJ mudstone J and 
jasper fragments; calcareous cement. 

:lIIDDLE( 'I) i\);D LOWER TRIASSIC: 
}Ioenkopi Formation: . 

Siltstone: Grayish-red (lOR 4/2) to moderate-orange
brown (lOl{ 6/4); sandy; biotite accessory mineral; 
bleached stringers; calcareous cement. 

Siltstone: Pale-reddish-brown (lOR 5/4); sandy; bio
tite accessory mineral; calcareous cement. 

Siltstone: Pale-reddish-brown (lOR 5/4); sandy; bio
tite accessory mineral; mudstone fragments; calcare
ous cement. 

QG,\TEH);i\/{Y: 
;\lluvium: 

Sand: Grayish-orange- pink (5YR 7/2); very fine to 
coarse-grained; silty; poorly sorted; composed of 
subrounded to angular) clear and stained quartz; rare 
feldspar and dark accessory minerals; rare olivine 
crystals; weakly cemented, calcareous. 

Sandy silt: Pale-red (lOR 6/2); silt and very fine to 
fine-grained sand; well-sorted; rare gypsum and dark 
accessory minerals; rare argillaceous material; weak
ly cemented, calcareous and argillaceous. 

Sandstone: Pale-red (lOR 6/2); fine- to medium-grained; 
silty; fair-sorted; composed of subrounded to subangu
lar J clear and stained quartz; rare dark accessory 
minerals; moderately common argillaceous material; 
weakly cemented, calcareous and argillaceous. 

Sandy siltstone and mudstone: Pale-red (lOR 6/2); clay, 
siltJ and fine- to coarse-grained sand; poorly sorted; 
moderately common argillaceous material; weakly 

10 340 

20 360 
10 370 

10 380 

385 

390 

395 

10 405 
35 440 

15 455 

10 465 

10 475 

15 490 

25 515 

25 540 
20 560 

20 580 

585 

590 

30 620 

10 630 

30 660 

20 680 

685 

690 

30 720 

15 735 

10 745 

Continued 
25-16.65 

Sandstone: Pale-red (lOR 6/2); very fine to coarse
grained; silty; poorly sorted; composed of quartz; 
mudstone fragments; calcareous cement. 

Siltstone: Pale-reddish-brown (lOR 5/4); mica acces
sory mineral; mudstone fragments; calcareous ce
ment. 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Very pale orange (IOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to medium-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to me
dium-grained; well-sorted; composed of quartz; 
mudstone fragments; calcareous cement. 

Sandstone: Grayish-orange (IOYR 7/4); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to nledium-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); vel'y 
fine to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; silty; fair-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (5YH 8/4); very 
fine to fine-grained; silty; fair-sorted; conlposed of 
quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YH 8/4); very 
fine to fine-grained; silty; fair-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Pale-yellow ish-orange (IOYI{ 8/6); very 
fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Moderate-reddish-orange (101~ 6/6); very 
fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Sandstone: Moderate-orange-pink (5YR 8/4); vet'y 
fine to fine- grained; silty; fair- sorted; com posed 
of quartz; calcareous celnent. 

Sandstone: Moderate-orange-pink (lOR 7/4); vet'y 
fine to fine-grained; silty; well-sorted; composed 
of quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YH 8/4); vt't'y 
fine to fine-grained; silty; fair-sorted; composed 
of quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); ver)' 
fine to fine-grained; silty; well-sorted; compost'd 
of quartz; calcareous cenlent. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to fine-grained; silty; fair-sorted; composed 
of quartz; calcareous cement. 

20, 765 Sandstone: Moderate-orange- pink (5YH 8/4); vet'y 
fine to medium-grained; silty; fair-sorted; com
posed of quartz; calcareous cement. 20 

80 

20 

10 

10 

785 

865 

Sandstone: Moderate-reddish-orange (101{ 6/6); vt't'y 
fine to medium-grained; silty; well-sorted; com
posed of quartz; calcareous cement. 

17K-367 
110-13,45-10.00 

cemented, calcareous and argillaceous. 
Sandstone: Pale-red (IOn 6/2); fine- to llledium

grained; silty; fair- sorted; com posed of subl'oUJ1(h~d 
to subangular J clear and stained quartz; rare dark 
accessory minerals; moderately conlnlon argilla
ceous material; weakly cemented, calcareous and 

20 II argillaceous. 
No samples. 
No samples; base of alluvium at 209 feet (from 

driller I slog), 
30 II UPPER TRIASSIC: 

Wingate Sandstone: 
Rock Point Member: 

Sandstone: Moderate-reddish-orange (101{ 6/6); fino
to coarse-grained; poorly sorted; composed of sub-

40 11 rounded to angular J clear and frosted quartz; com
mon dark accessory minerals; rare argillaceous 
material; calcareous cenlent. 
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TERTIARY: 
Bidahochi Formation: 

Upper member: 
Sandstone: Light-brown (5YR 6/4); fine-grained; fair

sorted. 
Sandstone: Light-brown (5YR 6/4); medium-grained; 

poorly sorted; claystone and coarse-grained, well
rounded, frosted quartz. 

Sandstone: Pale-yellowish-brown (10YR 6/2); fine
grained; volcanic ash(?). 

Sandstone: Light-olive-gray (5Y 6/1) and black (N 1); 
medium-grained; poorly sorted; ash matrix; possible 
basalt. 

Sandstone: Light-brown (5YR 6/4); coarse- grained; 
poorly sorted; ash fragments and black (N 1) sand; 
coarse-grained, well-rounded, frosted quartz. 

l'PPEH THIASSIC: 
Wingate Sandstone: 

Hock Point Member: 
Sandstone: Light-brown (5YR 6/4); fine-grained; fair

sorted; siltstone fragments. 
Siltstone: Light-brown (5YR 6/4); clayey. 
Sandstone: Light-brown (5YR 6/4); fine-grained; silt

stone. 
Siltstone: Moderate-reddish-orange (lOR 6/6); clayey. 

Chinle Formation: 
Owl Rock l\'1embel': 

Claystone: Pale-red (lOR 6/2); silty; limestone frag
Dlents. 

Petrified Forest Member: 
Claystone: Pale-reddish-brown (lOR 5/4); silty; lime

stone fragments. 
Sandstone: Light-brownish-gray (5YR 6/1); medium

grained; limestone and claystone fragments. 
Siltstone: Light-greenish-gray (5GY 8/1); sandy. 
Claystone: Light-brownish-gray (5YR- 6/1); silty; lime-

stone fragments. . 
Claystone and limestone: Grayish-red-purple (5RP 4/2); 

silty. 
Sandstone: Pale-red-purple (5RP 6/2); fine-grained; 

silty; poorly sorted; limestone fragments. 

Ql'~-\ TER)! ARY: 
.~lluvium: 

Silty sand: Pale-grayish-red (lOR 5/2); very fine to 
coarse-grained; silty; poorly sorted; composed of 
quartz; calcareous cement. 

l~PPER TRIASSIC: 
Chinle Formation: 

Lower red member: 
Siltstone: Pale-red (lOR 6/2); sandy; mudstone frag

nlents; calcareous cement. 
PER:\IIAX: 

Coconino Sandstone: 
Sandstone: Grayish-orange-pink (lOR 8/2); very fine 

to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Very pale orange (IOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal
careous cement. 

TERTLlRY: 
Bidahochi Formation: 

T:pper member: 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

fine to medium-grained; silty; poorly sorted; com
posed of quartz; calcareous cement. 

Sandstone: Grayish-orange (10YR 7/4); fine- to coarse
grained; poorly sorted; composed of quartz; jasper 
and basalt fragments; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
to coarse-grained; poorly sorted; composed of quartz; 
jasper and basalt fragments; calcareous cement. 

Sandstone: Grayish-orange (10YR 7/4); fine- to coarse
grained; poorly sorted; composed of quartz; jasper 
and basalt fragments; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
to coarse-grained; poorly sorted; composed of quartz; 
jasper and basalt fragments; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
to coarse-grained; silty; poorly sorted~ composed of 
quartz; jasper and basalt fragments; calcareous ce
ment. 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Pale-yellowish-orange (10YR 8/6); fine
grained; well-sorted; composed of quartz. 

Sandstone: Grayish-orange (10YR 7/4); fine-grained; 
well-sorted; composed of quartz. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 

EPNG Nl 
110- 11 90-13 60 
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Sandstone: Pale-red-purple (5RP 6/2); medium
grained; poorly sorted; claystone fragments. 

Sandstone: Medium-light-gray (N 6); medium-grained; 
poorly sorted; claystone fragments. 

Sandstone: Light-brownish-gray (5YR 6/1); coarse
grained; poorly sorted; claystone fragments. 

UPPER, MIDDLE(?), AND LOWER TRIASSIC: 
Chinle Formation (Petrified Forest Member and lower 

red member) and Moenkopi Formation undifferen
tiated: 

Claystone: Very light gray (N 8); silty. 
Claystone: Light-brownish-gray (5YR 6/1); silty. 
Siltstone: Light-brownish-gray (5YR 6/1); clayey. 
Claystone: Grayish-purple (5P 4/2). 
Claystone: Grayish-red-purple (5RP 4/2). 
Claystone: Grayish-blue (5PB 5/2). 
Claystone: Grayish-purple (5P 4/2); silty. 
Sandstone: Grayish-purple (5P 4/2); coarse-grained; 

claystone fragm ents. 
Sandstone: Light-brownish-gray (5YR 6/1); coarse

grained; limestone and claystone fragments. 
Claystone: Grayish-purple (5P 4/2); silty; limestone 

fragments. 
Claystone: Grayish-red (5R 4/2); silty; limestone 

fragments. 
Claystone: Medium-gray (N 5); silty; limestone frag

ments. 
Claystone: Grayish- purple (5P 4/2); silty; limestone 

fragments. 
Claystone: Medium-light-gray (N 6); silty; limestone 

fragments. 
Claystone: Greenish-gray (5G 6/1); silty. 
Claystone: Variegated light-brownish-gray (5YR 6/1); 

silty. 
Claystone: Variegated brownish-gray (5YR 4/1); silty; 

limestone fragments. 
Claystone: Medium-light-gray (N 6); calcite frag

ments. 
PERMIAN: 

Coconino Sandstone(?): 
Sandstone: Undescribed; water-bearing. 

Consohdated Ganado School 
110-2.05-2.55 
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Sandstone: Grayish-orange- pink (lOR 8/2); very fine 
to fine- grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
20 to fine- grained; well-sorted; composed of quartz; 

c'alcareous cement. 
Sandstone: Grayish-orange-pink (lOR 8/2); very fine 

to fine- grained; well-sorted; com posed of quartz; 
calcareous c~ment. 

60 Sandstone: Model'ate-orange-pink (5YR 8/4); very 
fine to fine-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Grayish-orange-pink (lOR 8/2); very fine 
to fine- grained; well-sorted; composed of quartz; 

70 calcareous cement. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to fine- grained; well-sorted; composed of 
140 \ quartz; calcareous cement. 
17K-356 

125-8.85-13 00 
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Sandstone: Grayish-orange (10YR 7/4); very fine to 
coarse-grained; silty; poorly sorted; composed of 
quartz; jasper and basalt fragments; calcareous 
cement. 

Sandstone: Moderate-orange- pink (5YR 8/4); very 
fine to medium-grained; well-sorted; composed of 
quartz; calcareous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); very 
fine to coarse-grained; silty; poorly sorted; com
posed of quartz; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to coarse-grained; silty; poorly sorted; com
posed of quartz; calcareous cement. 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, upper part: 
Mudstone: Pale-red (lOR 6/2); silty; calcareous ce

ment. 

Siltstone and mudstone: Pale-reddish-brown (lOR 5/4); 

calcareous cement. 

17M-145A 
125-1.85-6.55 

20 

40 

190 

to fine-grained; well-sorted; composed of quartz; 
calcareous oement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; composed of quartz; 
calcareous cement. 

Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; calcareous cement. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; well-sorted; calcareous cement. 

Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
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Table 1. --Selected lithologic logs 01 wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

fine- grained sand; £ai1'- sorted. 
~o samples. 
~andstone: Moderate-reddish-orange (10l{ 6/6); very 

fine to fine-grained; well-sorted. 
I'EIc\lUN AND PENNSYLVANIAN: 

Supai Fonnation: 
Sandstone: Moderate-reddish-orange (101{ 6/6); very 

fine to fine-grained; fair-sorted; grayish-red (lOR 4/2) 
siltstone fragments. 

Sandstone: l\Ioderate-reddish-orange (101{ 6/6); very 
fine to fine-grained; well-sorted. 

Sandstone: Moderate-reddish-orange (101{ 6/6); very 
fine to fine-grained; well-sorted; siltstone fragments. 

Sandstone: Moderate-reddish-orange (101{ 6/6); very 
fillE' to fine-grained; fair-sorted; pale-reddish-brown 
(IOI{ 5/4) siltstone fragments. 

Sandstone: Pale-reddish-brown (l0l{ 5/4); very fine to 
fine-gl'ained; fair-sorted; grayish-red (lOR 4/2) silt
.stone fragments. 

Sandstone: :\Ioderate-reddish-orange (lOt{ 6/6); very 
fine to fine-grained; fair-sorted; grayish-l'ed (10l{ 4/2) 
siltstone and medium-light-gray (N 6) n1udstone frag
ments. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; silty; fair-sorted. 

Sandstone: Light-brownish-gl'ay (5YR 6/ I); very fine to 

l'l'PEI{ TIlUSSIC: 
l 'hillie FOl'll1ation: 

Shinarump :\Iember: 
Sandstone: Pale-red (lOR 6/2); very fine grained; silty; 

poorly sorted; composed of quartz; biotite accessory 
mineral; calcareous cement. 

Sandstone: Very pale orange (lOYH 8/2); very fine to 
fine-grained; silty; poorly sorted; composed of quartz; 
muscovite accessory mineral; calcareous cement. 

Sandstone: Very pale orange (lOYl{ 8/2); very fine to 
fine-grained; silty; fair-sorted; composed of quartz; 
muscovite accessory mineral; calcareous ceDlent. 

~Iudstone: Light-gray (::\ 7) to medium-dark-gray (N 4); 
silty and sandy; calcareous cenlent. 

Sandstone: Pinkish-gray (5YR 8/ I); very fine to medi
unl-grained; silty; poorly sorted; composed of quartz; 
mlldstone fragments; calcareous cernent. 

Sandstone: Pale-reddish-brown (l01{ 5/4); fine- to 
('oarse-grained; silty; poorly sorted; composed of 
quar'tz; mudstone fragments; calcareous cement. 

Sandstone: Pale-red (lOB. 6/2); fine- to coarse-grained; 

ITI'EI{ TIU,\SSIC: 
Childe Formation: 

Petrified Fot'est Member, upper part: 
Siltstone: Pale-red (101\ 6/2), moderate-orange-pink 

(J [) I{ 7/4), and ra re spots of white (N 9); clay to silt; 
rare very fine to medium-grained quartz; calcareous 
cement. 

Siltstone: :Vlediurn-gray (N 5); rare medium-grained 
quartz; calcareous cement. 

,~andy si'1tstone: Pale- red (51{ 6/2); micaceous; calcar
eous cement. 

Sandstone: Grayish- red-purple (51{P 4/2); medium
grained; fair-sorted; composed of subangular to angu
lar, clear, stained, and frosted quartz; common feld
spar, rare mica, and abundant black accessory min
erals; common limestone. 

Siltstone and silty limestone: Very light gray (N 8) and 
pale- red- purple (5RP 6/2); calcareous cement. 

Sandy siltstone: Light-brownish-gray (5YI{ 6/1); rare 
biotite accessory mineral; common quartz; calcareous 
cement. 

Petrified Forest Member, Sonsela Sandstone Bed: 
Sandstone: Pinkish-gray (5YR 8/ I) and very light gray 
(~ 8); fine- to coarse-grained; fair to poorly sorted; 
composed of subrounded to subangulal', frosted quartz; 
biotite accessory mineral; common siltstone frag
ments; calcareous cement. 

Siltstone: Grayish-red (51{ 4/2); rare angular chert and 
fine- to medium- grained jasper; abundant limestone 
fragrnents; calcareous cement. 

Sandy siltstone: Light-brownish-gray (5YR 6/ I); silt to 
coar~e-grained sand composed of angular chert and 
quartz; calcareous cement. 

Q1JATEHNARY: 
Alluvium: 

Silty sand: Yellowish-gray (5Y 7/2) and black (N I); 
coal. 

Sandy silt: Yellowish-gray (5Y 7/2) and black (N I); 
muscovite accessory mineral; coal. 
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coarse- grained; silty; fai1'- sorted. 
Sandstone: Moderate-reddish-orange (IOI{ 6/6); very 

fine to fine-grained; medium-light-gray (N 6) mud
stone and pale-reddish-brown (l01{ 5/4) siltstone 
fragments. 

Siltstone: Pale-reddish-brown (lOR 5/4); sandy; well
sorted. 

Sandstone: Moderate-reddish-orange (lOR 6/6); fine
to medium-grained; well-sorted; siltstone fragments. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
to fine-grained; well-sorted; siltstone fragments. 

Siltstone: Light-brown (5YR 6/4); sandy; well- sorted; 
calcareous cement. 

Sandstone: Moderate- reddish -orange (10 Ii 6/6); 
very fine grained; well-sorted; siltstone frag
ments. 

Siltstone: Pale-reddish-brown (IOI{ 5/4); sandy; 
medium-light-gray (N 6) mudstone fragments. 

Sandstone: Pale-reddish-brown (lOR 5/4); very finC' 
grained; silty; siltstone fragments. 

Sandstone: Moderate-reddish-orange (lOR 6/6); vel'y 
fine grained; silty; siltstone fragnlents. 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; silty; siltstone fragments. 

No samples. 

l8K-330 
69-9.70-16.55 

silty; poorly sorted; composed of quartz; I1ludstone 
fragments; calcareous cenlent. 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Grayish-orange-pink (IOI{ 8/2); very fine 
10 to fine-grained; well-sorted; composed of quartz; 

calcareous cement. 
Sandstone: Moderate-orange-pink (5YI{ 8/4); vel'y 

30 fine to fine-grained; well-sorted; composed of 
quartz; calcareous cenlent. 

Sandstone: Moderate-orange-pink (5YH 8/4); very 
50 fine to nlediuln-grained; well-sorted; COll1posed of 

quartz; calcareous cement. 
60 Sandstone: Moderate-orange-pink (5Yl{ 8/4); vel'y 

fine to nledium-grained; silty; fair-sorted; com
posed of quartz; calcareous cement. 

100 II Sandstone: Moderate-orange-pink (5YI{ 8/4); very 
fine to nlediunl-grained; well-sorted; COll1posed of 
quartz; calcareous cement. 

110 II No samples. 

181'-337 
89-2.90-0.60 
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Sandstone: Light-brownish-gray (5YH 6/1); medium 
to very coarse grained; poorly sorted; composed of 
subangular to angular, clear, stained, and frosted 
quartz; rare pyrite accessory mineral; jasper, clWl't, 
and siltstone fl'agnlents; weakly cemented, calcal'L'
OliS, 

Petrified Forest lVlember, lower part: 
Siltstone: Light-gray (N 7); mica and angulal' l'hel't 

accessory minerals; firmly cemented, calcareous. 
Sandy siltstone: Light-gray (N 7); silt and mediulll-

to coarse-grained sand composed of angUlar, fl'osll'd 
quartz and jasper; mica accessory mineral; cail'at'
eous cenlent. 

Sandstone: Light-gray (N 7); mediulll to very ('oa1'5<-' 
grained; poorly sorted; composed of subangulal' tn 
angular, clear, stained, and frosted quartz; mica 
and dark accessory minerals; rare limestone and 
siltstone fragn1ents; calcareous cen1ent. 

Silty sandstone: Light-gray (N 7)lto greenish-gl'ay 
(5GY 6/1); fine-grained; fair- to well-sol'ted; com
posed of subangular to angular quartzj lltica and 
black accessory n1inerals; rare siltstone and limp
stone fragments; firmly cemented. calcareous. 

Siltstone: Greenish-gray (5GY 6/1); sandy in plal'e's; 
conlman pyrite at sorne horizons; conllnon gl'ayi.sh
red-purple (51{P 4/2) siltstone fragments at some 
horizons; firmly cemented, calcareous. 

Silty sandstone: Greenish-gray (5GY 6/ I); very fine' 
to rine-gl~ained; fair-sorted; C'onlposed of subungulnt' 
quartz; abundant nlica accessory 1nine1'al; ra1'P VPI'Y 

dark red (5H 2/6) siltstone fragments and VPl'J' palc' 
orange (lOYl{ 8/2) limestone fragments; firmly l'e
mented, calcat'eous. 

lBK-329 
107-12.75-3.95 

10 

30 

Gallup Sandstone: 
Sandstone: Medium-gray (N 5); very fine to fine

grained; silty; poorly sorted; cOlnposed of quartz; 
muscovite accessory 11lineral; carbonaceous mud
stone fl'agrnents. 

Sandstone: Light-brown (5YR 6/4) and medium-gl'ay 
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Silt and mud: Yellowish-gray (5Y 7/2); sandy. 
1I1'1'EI{ CftETACEOUS: 

Ct'cva.sse Canyon Furmation: 
Dileo Coal Membel': 

Siltstone and mudstone: Medium-light-gray (N 6); coal. 
Siltstone: Light-gray (N 7); sandy; calcareous cement. 
Siltstolll' and mudstone: Medium-gray (N 5); sandy; bio-

tite accessor,)' Ininel'al; coal. 
Carbonaceous mudstone: Medium-gray (N 5) to black 

(N I); silty; sand. 

{'PPEl{ CI{E'!',\CEOllS: 
('I'l'VRS,sP Canyon FOl'lnation: 

Dilen Coal I\'1enlbcl': 
Siltslone: l'ale-yellowish-brown (lOYft 6/2); sandy. 
Siltstone: Medium-light-gray (N 6); sandy. 
Sandstone: Pale-t'ed (l01{ 6/2); very fine to fine-

grained; silty; well-sorted. 
Siltstone: MedlUm-gt'ay (N 5); sandy. 
Sandstone: Light-bt'ownish-gray (5Yft 6/1); very fine 

to mediulll-gl'ained; silty; fair-sorted, 
Sandstone: Lighl-bt'ownish-gray (5YR 6/1); very fine 

to VPl'Y coarBe grained; poorly sorted. 
Siltstone: Medium-light-gray (N 6); sandy. 

C:aUup Sandstone: 
Sandstone: Light-gray (N 7); very fine to fine-grained; 

silty; well-sol'ted; con1posed of quartz; calcareous 
c('ment. 

Siltstone: Light-gray (N 7); sandy; calcareous cement. 
::iiUstone and coal: Grayish-black (N 2); sandy. 
Siltstone: iIledium-light- gray (N 6); sandy. 
Sandstone: l\ledium-light-gray (N 6); very fine to fine

graitwd; silty; well-sorted. 
Siltstone: ;\!edium-light-gray (N 6); sandy; gypsum 

necessory mineral. 
Siltstone: Medium-gray (N 5); sandy; gypsum acces

sory Inineral; coal. 
Siltstone: l\Iediul11-light-gray (N 6); sandy; calcareous 

Cell1ent. 
::\lancos Shale: 

~Iudstone: illedium-light-gray (N 6); silty and sandy; 
calcareous cement. 

~Iudstone: l\Iedium-dal'k-gray (N 4); silty; claystone 
and sandstone fragments; calcareous cement. 

~Iudston(': ~Iedium-gray (N 5); silty; clay; calcareous 
Cell1ent. 
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(N 5); very fine to fine-grained; fair-sorted; com
posed of quartz; sandy siltstone and mudstone frag
ments. 

Sandstone: Yellowish-gray (5Y 7/2) to medium-gray 
(N 5); fine- to coarse-grained; poorly sorted; com
posed of quartz; pyrite accessory mineral; siltstone 
and mudstone fragments. 

Mudstone: Medium-light-gray (N 6); silty; muscovite 
accessory mineral. 

No samples. 
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Mudstone: Medium-gray (N 5); silty and sandy; gyp
sum accessory mineral; claystone; calcareous ce
ment. 

Mudstone: Medium-gray (N 5); sandy; coal fragm~nts 
and very fine to fine-grained sand. 

Siltstone: Medium-light-gray (N 6); sandy; gypsum 
accessory mineral; mudstone and claystone. 

Mudstone and claystone: Medium-gray (N 5); calcar
eous cement. 

Mudstone: Medium-gray (N 5); silty and sandy; clay
stone; calcareous cement. 

UPPER AND LOWEH CHETACEOUS: 
Dakota Sandstone: 

Mudstone: Medium-gray (N 5); silty; clay; fine
grained sandstone fragments; calcareous cement. 

Sandstone: Light-gray (N 7); silty; poorly sorted; 
gypsum accessory mineral; claystone fragments; 
calcareous cement. 

Siltstone: Medium-light-gray (N 6); .sandy; gypsum 
accessory mineral; mudstone fragments; calcareous 
cement. 

UPPEH JURASSIC: 
Morrison Fornlation: 

Westwater Canyon Member: 
Sandstone: Medium-light-gray (N 6); very fine to 

fine- grained; silty; fair- sorted; gypsum accessory 
mineral; mudstone fragments; calcareous cerrlent. 

Sandstone: Medium-light-gray (N 6); very fine to 
medium- grained; silty; fair-sorted; mudstone frag
ments; calcareous cement. 

Siltstone: Medium-light-gray (N 6); sandy; mudstone. 
Sandstone: Yellowish-gray (5Y 8/1); very fine to 

medium-grained; well-sorted; composed of quartz; 
mudstone fragments; calcareous cenlent. 

FOI t DefIance ConsolIdated School 
108-3 65-0 85 

QL\TEH;\;ARY: 
,\lluvium: 

Sandy silt: :\Ioderate-brown (5YR 4/4); calcareous ce
ment. 

Sandy silt: Light-brown (5YR 6/4); calcareous cement. 
Sandy silt: Grayish-red-brown (lOR 3/2); calcareous 

celnent. 
Gravelly sand and sandy silt: Pale-red (10ft 6/2); Jight

gray (~ 7) and dark- gray (N 3) quartz pebbles less than 
1 inch in dianleter. 

DOPER THIASSIC: 
Chinle Forlnation: 

Petrified Fot'est i\Iember, upper part: 
~IJdstone and claystone: Pale-red (lOR 6/2); limestone 

fragments; calcareous cenlent. 
Siltstone and mudstone: Light-gray (N 7) and pale-red 

(51{ 6/2); calcareous cement. 
~Iudstone: Pale-red (5R 6/2) and medium-gray (N 5); 

linlestone fraglnents; calcareous cement. 
~Iudstone: Grayish-red (lOR 4/2); limestone fragments; 

calcareous cement. 
Petrified Forest Member, Sonsela Sandstone Bed: 

:\Iudstone and claystone: Medium-gray (N 5); calcareous 
cement. 

Sandstone: Grayish-pink (5R 8/2); very fine to medium
grained; fair-sorted; composed of quartz; mudstone 
and claystone fragments; calcareous cement. 

Petrified Forest Member, lower part: 
:\Iudstone and claystone: Pale-red (5H 6/2); calcareous 

cement. 
::':0 samples; burned in fire at rig. 
:\Iudstone and claystone: Medium-gray (N 5) to grayish

red-purple (5ftP 4/2); sandy; calcareous cement. 
:\ludstone and claystone: Pale-red (JOI{ 6/2) to medium

gray ()i 5); sandy; calcareous cement. 
:\Iudstone and claystone: Medium-gray (N 5) to grayish

red-purple (5RP 4/2); calcareous cement. 
Lower red member: 

Siltstone: Pale-red (JOf{ 6/2); sandy; biotite accessory 
mineral; calcareous cement. 

Sandstone: Pale-red (J0f{ 6/2); medium to very coarse 

{JPPEI{ TIUASSIC: 
Chinle Formation: 

Lower red member: 
Sandstone: Grayish-purple (5P 4/2); medium-grained; 

pebbly; poorly sorted; composed of quartz; claystone 
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grained; fair-sorted; composed of quartz; calcar
eous cement. 

Mudstone and claystone: Grayish-red (5R 4/2); sandy; 
5 calcareous cement. 

15 Siltstone: Pale-red (lOR 6/2); sandy; calcareous ce-
ment. 

70 Siltstone and mudstone: Light-gray (N 7) to medium-
gray (N 5); calcareous cement. 

Shinarump Member: 
75 Sandstone: Very pale orange (10YR 8/2); very fine to 

very coarse grained; poorly sorted; composed of 
quartz; mudstone fragments; calcareous cenlent. 

Sandstone: Very pale orange (lOYR 8/2); very fine to 
fine-grained; well-sorted; composed of quartz; cal-

85 careous cement. 
Sandstone: Yellowish-gray (5Y 8/2); very fine to fine-

10 5 grained; silty; fair- sorted; com posed of quartz; 
calcareous cement. 

115 Sandstone: Light-brown (5YR 6/4); very fine to me-
dium-grained; fair-sorted; composed of quartz; 

135 mudstone pellets; calcareous cement. 
Sandstone: Light-brown (5YR 6/4); very fine to 

coarse-grained; poorly sorted; composed of quartz; 
155 nludstone pellets; calcareous cement. 

PERMIAN: 
De Chelly Sandstone: 

195 Sandstone: Moderate-orange-pink (5Yft 8/4); very 
fine to medium-grained; well-sorted; conlposed of 
quartz; calcareous cement. 

225 Sandstone: Moderate-orange-pink (5YH 8/4); very 
540 fine to fine-grained; well-sorted; composed of 

quartz; calcareous cement. 
550 Sandstone: Light-brown (5YH 6/4); very fine to fine-

grained; well-sorted; conlposed of quartz; calcare-
560 ous cement. 

Sandstone: Moderate-reddish-orange (10H 6/6); very 
570 fine to fine-grained; well-sorted; composed of 

quartz; calcareous cenlent. 
Sandstone: Moderate-orange-pink (5YI{ 8/4); very 

610 fine to medium-grained; well-sorted; composed of 
quartz; calcareous cement. 

St. Michaels School 
108-5.50-7.30 

fragments and chert; noncalcareous cement. 
Sandstone: Yellowish-gray (5Y 7/1); fine-grained; 

silty; poorly sorted; conlposed of quartz; noncal
careous celnent. 

Siltstone: Pale-red (51{ 6/2); noncalcareous cement. 
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Table 1. --Selected lithologic logs of wells in the Navajo and Hopi Indian ReoervationB, Arizona, New Mexico, and Utah-Continued 

Shinarump Member: 
Light-brown (5YR 6/4); medium to very Sandstone: 

coarse grained; pebbly; poorly sorted; composed of 
quartz; calcite accessory mineral; claystone; calcar-
eous cement. 

PERMIAN: 
San Andres Limestone: 

Limestone: Moderate-yellowish-brown (lOYR 5/4); 
argillac eous cement. 

Light-olive-gray (5Y 6/1). Limestone: 

QUATERNARY: 
Alluvium: 

Silt: Grayish-orange-pink (5YR 7/2) to light-brown 
(5YR 6/4); silt and fine-grained sand; composed of 
subrounded to subangular, clear quartz; weakly ce
mented, calcareous. 

Silty sand: Gra,Yish-orange-pink (5YR 7/2) to light
brown (5YR 6/4); silt to fine-grained sand; fair
sorted; composed of subrounded to subangular, clear 
and stained quartz; weakly cemented, calcareous. 

Silt and mud: Pale-yellowish-brown (10YR 6/2); clay 
and silt; rare carbonaceous material and shell frag
ments; weakly cemented, calcareous. 

Sand: Grayish-orange-pink (5YR 7/2) to light-brown 
(5YR 6/4); v"ry fine to fine-grained; silty; well
sorted; composed of subrounded to subangular. clear 
quartz; rare carbonaceous material; weakly cemented, 
calcareous. 

Sand: Grayish-orange-pink (5YR 7/2) to light-brown 
(5YR 6/4); fine- to coarse-grained; silty; poorly 
sorted; composed of subrounded to angular, clear 
quartz; rare mica and dark accessory minerals; 
rare mudstone pellets; weakly cemented, calcareous. 

Sand: Pa1e-yellowish-brown (10YR 6/2); fine- to 
coarse-grained; poorly sorted; composed of sub
rounded to angular, clear and stained quartz; rare 
dark accessory minerals; rare siltstone and mud
stone fragments; weakly cemented, calcareous. _ 

Sand and gravel: Pale-red (lOR 6/2); fine- to coarse
grained; angular gravel. 2/10-3/10 inch in diameter; 
poorly sorted; composed of siliceous limestone and 
subrounded to angUlar, clear, stained, and frosted 
quartz; rare dark accessory minerals; rare mud
stone, siltstone, and wood fragments; weakly ce
mented, calcareous. 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member: 
Siltstone: Very light gray (N 8); silt and rare medium

grained quartz sa,nd; rare mudstone pellets and coal· 
fragments; weakly cemented, calcareous. 

Calcareous mudstone and siltstone: Light-greenish
gray (5G 8/1) and light-brownish-gray (5YR 6/1); clay 
and Silt; rare pyrite accessory mineral; rare carbo
naceous material; calcareous cement. 

Calcareous mudstone and siltstone: Light-b1uish-gray 
(5B 7/1); clay and silt; rare pyrite accessory mineral; 
rare limestone and coal fragments; rare micaceous 
mudstone pellets; calcareous cement. 

Siltstone and mUdstone: Pa1e-red-purp1e (5RP 6/2); 
clay and Silt; weakly cemented, calcareous. 

Siltstone: Light-gray (N 7); silt; common blue-green 
and reddish-brown mudstone fragments; ,calcareous 
cement. 

Siltstone and mudstone: Pale-red (5R 6/2); clay and 
silt; weakly cemented, calcareous. 

Lower red member: 
Sandstone: Pinkish-gray (5YR 8/1); fine-grained; well

sorted; composed of subangular to angular, clear 
quartz; rare micaceous mudstone pellets; firmly ce
mented, calcareous and siliceous. 

Sandstone: Bluish-white (5B 9/1) to light-bluish-gray 
(5B 7/1); fine-grained; well-sorted; composed of 
subangular to angUlar, clear quartz; rare to absent 
mica flakes, and rare pyrite and dark accessory min
erals; rare micaceous mudstone pellets; firmly ce
mented, calcareous and siliceous. 

Sandstone: Pale-purple (5P 6/2) and light-gray (N 7); 
fine- to coarse-grained; poorly sorted; composed of 
subangular to angular, clear quartz; common pyrite, 
and red and black accessory minerals; common mud
stone and limestone fragments; rare to common chert 
and jasper; calcareous and ferruginous cement. 

Sandstone: Grayish-red-purp1e (5RP 4/2); fine- to 
coarse-grained; silty; poorly sorted; composed of 
subangular to angular, clear quartz; rare to absent 
mica and common dark accessory minerals; common 
mudstone fragments; calcareous and ferruginou8 ce
ment. 

Sand8tone: Pinkish-gray (5YR 8/0; fine- to coarse
grained; 8ilty; poorly sorted; compo8ed of 8ubangu
lar to angUlar, clear quartz; rare pyrite accessory 

... vu- ..... vu-'.vv 

De Chelly Sandstone: 
Upper member: 

Sandstone: Light-brown (5YR 6/4); fine-grained; 

65 108 well-sorted; composed of quartz; calcareous ce-
ment. 

Tongue of Supai Formation(?): 
Sandstone: Light-brown (5YR 6/4); fine-grained; 

4 112 fair-sorted; composed of quartz; calcareous ce-
18 130 ment. 

Window Rock Old Well 6 
108-4.35-6.20 
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angular, clear quartz; rare mudstone pellets and 
chert; weakly cemented, calcareous. 

Sandstone: Very pale orange (10YR 8/2) to pa1e
yellowish-orange (lOYR 876); fine- to medium
grained; well-sorted; composed of subangular to 

101/ angular, clear quartz; rare dark accessory min
erals; rare red mudstone pellets; siliceous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4), grayish
orange-pink (5YR 7/2), and pale-red (lOR 6/2); fine-

20 II to coarse-grained; silty; poorly sorted; composed of 
subrounded to angular, clear and stained quartz; rare 
pyrite and mica accessory minerals; common mud-

30 II stone fragments and rare chert; firmly cemented 
quartz aggregates; weakly cemented, calcareous 
and ferruginous. 

Sandstone: Moderate-orange-pink (5YR 8/4), grayish
orange-pink (5YR 7/2), and grayish-red (lOR 4/2); 

40 II fine- to coarse-grained; silty; poorly sorted; com
posed of subrounded to angular, clear and stained 
quartz; rare mudstone fragments and chert; sili
ceous cement. 

PERMIAN: 
50 II De Chelly Sandstone: 

Sandstone: Very pale orange (10YR 8/2) to moderate
orange-pink (5YR 8/4); very fine to medium-grained; 
silty; fair-sorted; composed of subrounded to sub
angular, clear and stained quartz; rare jasper; 

60 II firmly cemented, siliceous and ferruginous. 
Sandstone: Very pale orange (lOYR 8/2), moderate

orange-pink (5YR 8/4), and light-brown (5YR 6/4); 
very fine to medium-grained; silty; fair- to well
sorted; composed of subrounded to subangular, clear 
and stained quartz; rare to absent jasper; firmly 
cemented, siliceous and ferruginous. 

70 II Silty sandstone: Light-brown (5YR 6/4) and grayish-
red (lOR 4/2); very fine to fine-grained; silty; fair 
to poorly sorted; composed of subrounded to sUbangu
lar, clear and stained quartz; firmly cemented, sili
ceous and ferruginous. 

Sandstone: Very pale orange (10YR 8/2) to moderate-
90 II orange-pink (5YR 8/4); very fine to medium-grained; 

well-sorted; composed of subrounded to subangular, 
clear and stained quartz; firmly cemented, siliceous 
and ferruginous. 

110 II Sandstone: Very pale orange (10YR 8/2), moderate-
orange-pink (5YR 8/4), and grayish-red (lOR 4/2); 
very fine to medium-grained; well to poorly sorted; 
composed of subrounded to subangular, clear and 

120 II stained quartz; some sandy siltstone; firmly ce
mented, siliceous and ferruginous. 

140 Sandstone: Very pale orange (10YR 8/2) to moderate-
orange-pink (5YR 8/4); very fine to medium-grained; 
well-sorted; composed of subrounded to subangular, 

150 II clear and stained quartz; rare to absent hematite 
accessory mineral; firmly cemented, siliceous and 

170 ferruginous. 
Sandstone: Moderate-orange-pink (5YR 8/4) and mod

erate-reddish-orange (lOR 676); very fine to medium
grained; fair- to well-sorted; composed of subround
ed to subangular, clear and stained quartz; firmly 

180 II cemented, siliceous and ferruginous. 
Sandstone: Moderate-orange-pink (5YR 8/4); very 

fine to medium-grained; silty; fair- to well-sorted; 
composed of subrounded to subangular, clear and 
stained quartz; rare hematite pellets; weakly ce
mented, calcareous. 

230 II Sandstone: Grayish-orange (lOYR 7/4) to dark-yellow-
ish-orange (lOYR,6/6); fine- to medium-grained; 
fair- to well-sorted; composed of subrounded to 
subangular, clear and stained quartz; rare to com
mon hematite pellets; calcareous, siliceous, and 
ferruginous cement. 

260 II Sandstone: Grayish-orange (lOYR 7/4) to dark-yellow-
ish-orange (lOYR 6/6); fine- to medium-grained; 
fair- to well-sorted; composed of subrounded to 
Bubangular, clear and stained quartz; common hema
tite pellets; rare mUdstone and siltstone fragments; 
calcareous, siliceou8, and ferruginous cement. 

3001\ Sandstone: Moderate-orange-pink (lOR 7/4) to mod-
erate-reddish-orange (lOR 6/6); fine- to medium
grained; fair-sorted; composed of 8ubrounded to 
Bubanllular, clear quartz; rare to common dark 
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mineral; rare mudstone pellets and chert; weakly ce
mented, calcareous. 

Shinarump Member: 
Sandstone: Very light gray (N 8); fine- to coarse

grained; poorly sorted; composed of subangular to 
angular, clear quartz; rare mudstone pellets and 
chert; weakly cemented, calcareous. 

Sandstone: Pinkish-gray (5YR 8/1); fine- to coarse
grained; silty; poorly sorted; composed of subangular 
to angUlar, clear quartz; rare mudstone pellets and 
chert; weakly cemented, calcareous. . 

Sandstone: Pinkish-gray (5YR 8/1); fine- to medium
grained; fair-sorted; composed of subangular to 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Grayish-orange (lOYR 7/4); very fine to 
medium-grained; fair-sorted; composed of rounded 
to subanguIal', clear and stained quartz; rare dark 
accessory minerals; rare hematite concretions; firm
ly cemented, siliceous and calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; well-sorted; composed of rounded to 
subanguIal', clear and stained quartz; rare limonite 
and dark accessory minerals; rare hematite concre
tions; firn1ly cemented, siliceous and calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4); very fine 
to fine-grained; silty; fair to poorly sorted; composed 
of rounded to subangular, clear and stained quartz; 
rare lilllonite and dark accessory n1inerals; rare 
hen1atite concretions; firmly cemented, siliceous and 
calcareous. 

Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained; silty; fair-sorted; composed of 
subrounded to subangular, clear and stained quartz; 

UPPER TRIASSIC: 
Chinle Formation: 

Lower red member and Shinarump Member undifferen
tiated: 

Siltstone: Light-brownish-gray (5YR 6/1); silt and rare 
quartz pebbles as much as 4 mm in diameter; common 
mica accessory mineral; rare selenite crystals; cal
careous cement. 

Sandy siltstone: Light-bluish-gray (5B 7/1); silt and 
abundant coarse-grained quartz sand; rare biotite ac
cessory mineral; common angular chert and jasper 
pebbles; rare coal fragments and abundant bentonitic 
clay fragments; calcareous cement. 

Sandy siltstone: Light-brownish-gray (5YR 6/1); silt 
and abundant coarse-grained quartz sand; rare biotite 
accessory mineral; common angular chert and jasper 
pebbles; rare coal fragments and abundant bentonitic 
clay fragments; calcareous cement. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Siltstone: Moderate-brown (5YR 4/4); clay and silt; 
fair-sorted; rare mica and quartz accessory minerals; 
common white (N 9) bentonitic clay pellets; weakly ce
mented, siliceous and calcareous at base. 

Sandy siltstone: Pale-brown (5YR 5/2); silt to very fine 
grained sand; fair-sorted; rare mica and very coarse 
grained quartz accessory minerals; tightly cemented, 
calcareous. 

PERMIAN: 
De Chelly Sandstone: 

Sandstone: Grayish-orange (lOYR 7/4); fine- to medi
um-grained; well-sorted; composed of subangular to 
angUlar, clear and frosted quartz; secondary quartz; 
abundant iron oxide spherules; rare siltstone frag
ments near top; slight color changes at intervals due 
to iron oxide; sugary in appearance at intervals; tight-

TERTIARY: 
Bidahochi Formation: 

Upper member: 
Sandstone: Pale-red (lOR 6/2) to moderate-reddish

orange (lOR 6/6); very fine to coarse-grained; silty; 
poorly sorted; composed of subrounded to subangular, 
clear and stained quartz; rare dark accessory miner
als; quartzite, and rare to common jasper, chert, and 
basalt fragments; rare argillaceous material and rare 
to absent wood fragments; weakly cemented, calcare
ous. 

Sandstone: Pale-red (lOR 6/2) to moderate-reddish
orange (lOR 6/6); very fine to medium-grained; silty; 
fair-sorted; composed of subrounded to subanguIar, 
clear and stained quartz; rare dark accessory miner
als; rare quartzite, jasper, chert, and basalt; weak
ly cemented, calcareous. 

Conglomerate: Grayish-orange (lOYR 7/4); fine
grained sand to granule; poorly sorted; composed of 
rounded to angular, clear and stained quartz and lime
stone; purple quartzite, bi9tite granite, basalt, red 

10 

20 

10 

40 

40 

130 

10 

70 

20 

60 

30 

70 

30 

accessory minerals; rare hematite pellets; rare 
310 siltstone fragments and rare to absent chert; weakly 

cemented, calcareous. 
Sandstone: Moderate-orange-pink (lOR 7/4) to mod

erate-reddish-orange (lOR 6/6); fine-grained; well
sorted; composed of subrounded to subangu1ar, clear 

330 quartz; rare dark accessory minerals; rare siltstone 
fragments and chert; weakly cemented, calcareous. 

PERMIAN AND PENNSYLV ANIAN: 
Supai Formation: 

340 Siltstone: Grayish-red (lOR 4/2); silt and some fine-
to medium-grained quartz sand; weakly cemented, 
calcareous. 

18K-332 
109-0 25-15 60 

rare dark accessory minerals; rare to common 
hematite concretions; firmly cemented, siliceous 
and ferruginous. 

Sandstone: Moderate-orange-pink (5YR 8/4) to mod
erate-reddish-orange (lOR 6/6); very fine to fine-

40 grained; well-sorted; composed of subrounded to 
subangular, clear and stained quartz; rare dark 
accessory minerals; rare to common hematite con
cretions; firmly cemented, siliceous and ferruginous, 

PERMIAN AND PENNSYLVANIAN: 
80 Supai Formation: 

Sandstone and mudstone: Moderate-orange-pink (5YR 
8/4) and dusky-red (5R 3/4); clay, silt, and very 
fine to fine-grained sand; well-sorted; composed of 
subrounded to subangular, clear and stained quartz; 
common limonite accessory mineral; common hema-

210 tite concretions; common mica in mudstone frag
ments; weakly to firmly cemented, siliceous and 
ferruginous; mudstone fragments weakly cemented, 
calcareous. 

18T-339 
124-6 30-12 25 

10 

80 

100 

160 

190 

ly cemented, siliceous and calcareous. 
Siltstone and limestone: Siltstone-pale-brown (5YR 

5/2), limestone-very pale orange (lOYR 8/2); cal
careous cement. 

Sandstone: Moderate-orange-pink (5YR 8/4); fine
grained; well-sorted; composed of subangular quartz; 
common chocolate-brown spherules; tightly cemented, 
siliceous and calcareous. 

Sandstone: Very pale orange (lOYR 8/2); fine-grained; 
well-sorted; composed of subangular quartz; abun
dant chocolate-brown spherules; rare chocolate
brown clay fragments; very tightly cemented, sili
ceous. 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Silty sandstone: Light-brown (5YR 6/4); fine- to 
medium-grained; fair-sorted; composed of sub
rounded to subangulap, stained and frosted quartz; 
rare claystone fragments; firmly cemented, sili
ceOUS. 

Sandy siltstone: Pale-brown (5YR 5/2); silt to very 
fine grained sand; fair to poor ly sorted; mica ac
cessory mineral; weakly cemented, calcareous. 

Gypsum: White (N 9); crystalline and amorphous. 
Siltstone: Pale-brown (5YR 5/2); white (N 9) gypsum. 
Siltstone: Pale-brown (5YR 5/2); minor gypsum. 
Siltstone: Medium-light-gray (N 6) to dark-gray (N 3); 

rare quartz and jasper grains; common white (N 9) 
amorphous gypsum; petroliferous odor when treated 
with dilute hydrochloric acid; calcareous cement 
in lower 10 feet. 

Sandy siltstone: Pale-brown (5YR 5/2); abundant 

gypsum at 620 and 670 feet. 

18K-335 
125-6.45-16.15 

70 

100 

chert, and clean fine-grained sandstone granules; 
common dark accessory minerals; rare argillaceous 
material; weakly cemented, calcareous. 

Sandstone: Moderate-yellowish-brown' (lOYR 5/4); 
fine- to medium-grained; rare coarse grains; silty; 
well-sorted; composed of rounded to subangulal', 
clear and stained quartz; rare mica and common 
dark accessory minerals; rare argillaceous materi
al and common red chert; weakly cemented, calcar
eous, 

Conglomerate: Grayish-orange (lOYR 7/4); fine
grained sand to granule; poorly sorted; composed of 
rounded to angular, clear and stained quartz and 
limestone; quartzite, biotite granite, clean very fine 
to fine-grained sandstone, and red chert granules; 
common dark accessory minerals; rare silt and 
argillaceous material; weakly cemented, calcareous. 

Sandstone: Moderate-yellowish-brown (lOYR 5/4); 
fine- to medium-grained; silty; fair to poorly sorted; 
composed of rounded to subangular, clear and stained 
quartz; rare mica and common dark accessory min-

30 870 

20 8fJO 

8fJ5 

30 240 

120 360 

45 406 

llO 3UO 

10 310 

80 390 

10 400 

10 410 

40 400 
10 460 
30 490 
60 550 

20 570 

430 1,000 

90 190 

10 200 

10 210 

60 



Table 1. --Selected lithologic logs or wells In the Navajo and Hopi Indian ReaerveUOlIlJ, Arizona, New Mexico, and Utah-Continued 

erals; rare argillaceous material and common red 
chert; weakly cemented, calcareous. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
to medium-grained; silty; fair to poorly sorted; com
posed of rounded to subangular. clear and stained 
quartz; rare mica and common dark accessory min
erals; rare to common argIllaceous material; weakly 
cemented, calcareous. 

Mudstone: Pale-red (5R 6/2) to pale-reddish-brown 
(lOR 5/4); silt and very fine to coarse-grained sand; 
poorly sorted; composed of rounded to subangular, 
clear and stained quartz; rare to common mica and 
(,ommon dark accessory minerals; abundant argilla
ceous material; weakly cemented, calcareous and 
argillaceous. Contains fragments of very light gray 
(~ 8) sandstone composed of fine- to coarse-grained, 
subrounded to angular , clear quartz; common mica 
and rare to common dark accessory minerals; firmly 
cemented, calcareous. 

Sandy siltstone and mudstone: Moderate-reddish-orange 
(lOR 6/6) and pale-reddish-brown (lOR 5/4); clay, silt. 
and fine- to coarse-grained sand; poorly sorted; com
posed of rounded to angular, clear quartz; contains 
micaceous mudstone; weakly cemented, calcareous. 

Sandy siltstone: Pale-reddish-brown (lOR 5/4); silt and 
fine- to medium-grained sand; rare micaceous mud
stone fragments; weakly cemented, calcareous. 

PERML"N: ' 
De Chelly Sandstone: 

Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; fair-sorted; composed of subrounded 
to angular, clear and frosted quartz; rare dark acces
sory minerals; common \-eddish-brown micaceous 
rTIudstone and rare blue-green mudstone; rare to com
mon siltstone fragments; weakly cemented, calcare
ous, 

Sandstone: Grayish-orange-pink (5YR 7/2) to grayish
red (lOR 4/2); fine- to medium-grained; poorly sorted; 
composed of subrounded to angular, clear and frosted 
quartz; rare blue-green mudstone fragments and chert; 
common reddish-brown micaceous mudstone; calcare
ous and siliceous cement. 

TERTIARY: 
Bidahochi Formation: 

["pper member: 
Sandstone: Light-orange-brown (5YR 7/4); very fine 

to coarse-grained; poorly sorted; composed of round
ed to subangular. clear and stained quartz; rare feld
spar, limonite, and dark accessory minerals; common 
jasper and rare to common mud pellets; weakly ce
mented, calcareous, 

Sandstone: Light-orange-brown (5YR 7/4) and pale
brown (5YR 5/2); very fine to coarse-grained; poorly 
sorted; composed of rounded to subangular, clear and 
stained quartz; rare mica, feldsparJ limonite, and 
dark accessory minerals; common jasper, rare to 
common mud pellets, and common to abundant argil
laceous material; weakly cemented, calcareous and 
argillaceous. 

TERTIARY: 
Bidahochi Formation: 

Upper member: 
Sandstone: Light-brown (5YR 6/4); medium- to coarse

grained; rare very coarse grains; fair-sorted; com
posed of Rllbrounded to subangular, frosted quartz; 
calcareous cement. 

Silty sandstone: Pale-red (lOR 6/2); silt to rare gran
ule; composed of rounded to angularJ frosted quartz; 
rare black accessory minerals; rare red siltstone 
fragments; calcareous cement. 

UPPER TRIASSIC: 
Chinle Formation: 

I,ower red member: 
Siltstone: Pale-reddish-brown (lOR 5/4); clay, silt, 

and rare medium-grained sand; common mica acces
sory rnineral; calcareous cement. 

Siltstone: Pale-red (lOR 6/2); silt and very fine grained 
sand; abundant mica accessory mineral; calcareous 
cement. 

Shinarump Member: 
Sandstone: Grayish-orange-pink (lOR 8/2); fine- to 

medium-grained; well-sorted; composed of subround
ed to subangular, stained and frosted quartz; second
ary quartz, crystal growth; silty and calcareous from 
250 to 260 feet; siliceous and ferruginous cement. 

50 

20 

10 

20 

90 

440 

20 

40 

10 

20 

60 

150 

Continued 
45-16.15 

Sandstone: Grayish-orange-pink (lOR 8/2); fine- to 
260 II medium-grained; silty; fair-sorted; composed of 

rounded to angular, clear and frosted quartz; rare 
dark accessory minerals; rare argillaceous materi
al; rare hematite pellets; common to absent chert; 
siliceous cement. 

Sandstone: Pale-red (5R 6/2), moderate-reddish
orange (lOR 6/6), and pale-reddish-brown (lOR 5/4); 
very fine to fine-grained; well-sorted; composed of 

280 II subrounded to angUlar, clear quartz; rare dark ac
cessory minerals; rare small reddish-brown mud
stone fragments; weakly cemented, calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4), grayish
orange-pink (5YR 7/2), and light-brown (5YR 6/4); 
fine- to medium-grained; fair-sorted; composed of 
subrounded to subangular, clear and frosted quartz; 
rare dark accessory minerals; rare hematite pellets; 
weakly cemented, calcareous. 

Sandstone: Gra;yish-orange-pink (5YR 7/2) to light
brown (5YR 6/4); very fine to fine-grained; silty; 

290 II fair-sorted; composed of subrounded to angular, 
clear quartz; rare dark accessory minerals; rare 
pale-red mudstone fragments; weakly cemented, 
calcareous. 

Sandstone: Moderate-orange-pink (5YR 8/4) to grayish-
310 II orange-pink (5YR 7/2); very fine to fine-grained; 

silty; fair-sorted; composed of sub rounded to angu
lar, clear quartz; rare dark accessory minerals; 

400 II rare to absent pale-red mUdstone and chert frag
ments; weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 
(lOR 5/4); very fine to fine-grained; silty; poorly 
sorted; composed of subrounded to subangularJ clear 
and stained quartz; rare dark accessory minerals; 
weakly cemented, calcareous. 

Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 
(lOR 5/4); very fine to medium-grained; fair- to 

405 II well-sorted; composed of subrounded to subangular, 
clear and stained quartz; rare dark accessory min
erals; rare hematite and chert; weakly cemented, 
calcareous. 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

407 II Shale: Pale-reddish-brown (JOR 5/4). 

18K- 331 
137-6.80-4.40 

440 

460 

Sandstone: Very pale orange (lOYR 8/2) to grayish
orange-pink (5YR 7/2); fine- to coarse-grained; fair 
to poorly sorted; composed of rounded to subangular, 
clear and stained quartz; rare mica, olivine, basalt, 
and hematite, and rare to common dark accessory 
minerals; common mud pellets and jasper; weakly 
cemented, calcareous. 

Lower member: 
Sandstone: Pale-orange-brown (lOYR 7/2); very fine 

to medium-grained; silty; poorly sorted; composed 
of rounded to subangularJ clear and stained quartz; 
rare olivine, basalt, and hematite, and rare to com
mon darl< accessory minerals; common jasper and 
mud pellets, and rare bentonite; weakly c ementE'd, 
calcareous. 

No samples. 

l8T-341 
138-4.10-0.65 

40 

50 

70 

130 

280 

Sandstone: Orange-brown (5YR 7/4); fine-grained; 
well-sorted; composed of subangular to angular, 
stained quartz; common black accessory minerals; 
secondary quartz, crystal faces; sorting and color 
vary, some horizons mostly very fine to fine-grained 
sand; calcareous and ferruginous cement. 

Sandstone; Grayish-orange-pink (lOR 8/2); fine- to 
medium-grained; well-sorted; composed of sub
rounded to subangular, stained and frosted quartz; 
secondary quartz, crystal growth; siliceous and fer
ruginous cement. 

MIDDLE(?) AND LOWER TRIASSIC: 
'Moenkopi Formation: 

Sandstone: Moderate-reddish-orange (lOR 6/6); me
dium-grained; well-sorted; composed of rounded to 
subangular, stained quartz; rare selenite crystals; 
rare brown siltstone fragments; weakly cemented, 
calcareous. 

Sandstone: Grayish-orange-pink (lOR 8/2); fine- to 
medium-grained; well-sorted; composed of sub
rounded to subangulllr, stained and frosted quartz; 
secondary quartz, crystal growth; abundant siltstone 
fragments; lower 10 feet contains white sandstone 
fragments; siliceous and ferruginous cement. 
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SELECTED AND MODIFIED DRILLERS' LOGS OF WELLS 

IN THE NAVAJO AND HOPI INDIAN RESERVATIONS, ARIZONA, NEW MEXICO, AND UTAH 



Table 2.--Selected and modilied drillers' lOlls of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico. andUtah 

QUATERNARY: 
~Llt't'il'i:ll tll'p()sits: 

Soil 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, red 
Shale, red 
Sandstone, red 
Sandstone, light-colored 
Sandstone, red 
Sandstone. light- colored 
Sandstone, red, seep of water, bottom 

strata 

QUATERNARY: 
Alluvium: 

Surface sand 
JURASSIC AND TRIASSIC( '?): 

Navajo Sandstone: 
Sandstone, buff, hard shell 83 to 86 feet 
Sandstone, pink 
Sandstone, dark-pink 
Sandstone, buff 
Sandstone, red, very soft 
Sandstone, red, hard and sharp 
Sandstone, red, soft 
Sandy shale, red 
Sandstone, pink 
Sandstone, red, soft, coarse, water 
Shale. red 
Sandstone, pink, sharp 
Sandy shale, red 
Sandstone J red 
Sandstone, buff 
Sandstone, pink 
Sandy lime, pink 
Sandy shale, light- red 
Hard shell 
Sandy shale, red 
,<"';3IHj~t()ne, red 
Sandstone, buff, fine and sharp 
Sandstone, brown, coarse 

QUATERNARY: 
:-;llt'fkial dE·P()sits: 

Soil 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, dark-yellow 
Sandstone, light-yellow 
Sandstone, white 
Sandstone, light-yellow 
Sandstone, yellow, hard 
Sand, yellow 
Sand, white 
Sand, yellow 
Sand, brown 
Sand, white 
Sand, brown 
Sand, yellow 
Sand. white 

QUATERNARY: 
Sul'fidai IiE'posits: 

Soil 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, pink 
Sandstone, white, caving 
Sandstone, pink 
Sand, white, caving 
Sandstone, pink 

QUATERNARY: 
Su/'fici;Jl rJf'f)()sits: 

Alluvium 
UPPER AND MIDDLE JURASSIC: 

Entrada Sandstone and Carmel Formation 
undifferentiated: 

Sandstone, gray 
Sandstone I red 
Sandstone, yellow 
Sand stone, pink 
Sandstone, gray, small amount of water 

at 80 feet 

----- ---- ----_._._---

5 

210 
4 

84 
35 

125 
91 

31 

4 

166 
115 
102 

15 
45 
28 
40 
12 

7 
49 

6 
10 
21 
16 
4 

29 
2 

13 
1 

57 
26 
14 
4 

2 

43 
50 
14 
26 
12 
70 
33 
15 
58 
45 

7 
10 
38 

3 

17 
3 

33 
6 

90 

10 

10 
10 
10 
10 

40 

1A-23 
42-13.65-16.85 

UPPER TRIASSIC(?): 
Kayenta Formation: 

5 Shale, red 
Sand stone 1 red 
Shale, red 

215 Tongue of Navajo Sandstone in Kayenta 
219 Formation: 
303 Sandstone, red, water 1/2 gpm 
338 Shale, red 
463 Sandstone, hard 
554 Water sand, light-colored, soft, more 

than 5 gpm by bailer 
585 Rock, hard, batters drilling bit 

1A-125 
43-8.90-6.60 

4 

170 
285 
387 
402 
447 
475 
515 
527 
534 
583 
589 
599 
620 
636 
640 
669 
671 
684 
685 
742 
768 
782 
786 

Sand, pink 
Sandstone, red 
Sandstone, buff 
Sand stone, pink 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone and Kayenta Formation 

undifferentiated: 
Sandy shale, red 
Sandy shale, pink 
Sandstone, buff 
Sandy shale, red 
Sandstone, red, coarse 
Sandstone, light-red, soft 
Sandy shale, red, streaks soft and shar~ 
Sandstone, pink, very fine, sharp and 

hard 
Sandy lime, red, very hard 
Sandstone, pink, soft streak 
Shale, red, very hard streak 
Sandstone, white, very hard, will not 

mix 
UPPER TRIASSIC(?): 

Kayenta Formation: 
Shale, red, soft mud rings on bit 
Sandstone, red 
Sandy shale, red, fine, medium soft 
Sandstone, red, sharp, hard 
Shale, red 
Sandstone, red 

1K- 213 
43-8.30-14.00 

Sand, yellow 
Sand, white 

2 Sand, brown 
Sand, white 
Sand, brown 

45 Sand, white 
95 UPPER TRIASSIC(?): 

109 Kayenta Formation: 
135 Sandy shale, brown 
147 Sandy shale, red 
217 Lime, brown 
250 Sand and gravel, coarse 
265 Sandstone, brown 
323 Shale, red 
368 Water sand, water 
375 Sandstone, white 
385 Shale, red 
423 Sandstone, red 

1K-231 
44-0.30-10.80 

Sandstone, cream 
Sandstone, pink, some hard 

3 Sandstone, yellow 
Sandstone, brown-red 
Sandstone, pink 

20 Sandstone, red, hole blows air from 
23 I, OOO-foot level 
56 UPPER TRIASSIC(?): 
62 Kayenta Formation: 

152 Shale, red 

1K-228 
58-10,55-12.25 

Sandstone, red, large amount of water 
at 140 feet, raised to 60 feet 

10 Sandstone, gray 
Shale, red 
Sandstone. gray 
Shale, red 

20 Sandstone, gray 
30 Shale, red 
40 JURASSIC AND TRIASSIC(?): 
50 Navajo Sandstone: 

Sandstone, yellow 
90 No information 

------

17 
43 
33 

34 
6 

30 

12 
10 

31 
19 
18 

6 

80 
35 
18 
17 
55 
18 

7 

28 
17 
12 
21 

4 
4 

34 
21 

7 
21 

4 
16 
77 
80 
30 
13 

7 
13 

3 
9 

120 
7 

18 
10 

5 
35 

148 
168 
186 

66 
120 

348 

12 

60 
70 
10 

5 
65 
40 
30 

130 
4 

Depth 
(teet) 

602 
645 
678 

712 
718 
748 

760 
770 

817 
836 
854 
860 

940 
975 
993 

1,010 
1.065 
1,083 
1.090 

1, 118 
1, 135 
1, 147 
1. 168 

I, 177 

1. 181 
1. 185 
1,219 
1,240 
1,247 
1,268 

427 
443 
520 
600 
630 
643 

650 
663 
666 
675 
705 
802 
820 
830 
835 
870 

300 
468 
654 
720 
840 

I, 188 

1,200 
--

150 
220 
230 
235 
300 
340 
370 

500 
504 

63 



JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

r Sand, red 230 
Sand, red 35 

UPPER TRIi\SSIC("): 
Kayenta Formation: 

Sandy shale, red 35 
Sand, red 60 
Shale, red 26 
Sand, red 42 
Shale, red 17 
Water sand, making 150 gph 5 

QUATEHNAHY: 
Alluvium: 

Fill 4 
Sand and boulders 32 

UPPER THIASSIC(?): 
Kayenta Fornlation and Moenave Formation 

undifferentiated: 
Sandstone, red, hard 45 
Shale, red 12 
Sandstone, red 97 
Sandstone and shale, very dark-red, lay-

ers 94 
UPPER TlUASSIC: 

Wingate Sandstone: 
Sandstone, light-red 221 

QUATEH:'oIARY: 
Surficial deposits: 

Top soil, 5 feet to 30 feet, buff sandstone 30 
JUR,\SSIC AND TRIASSIC(?): 

:'oIavajo Sandstone: 
Sandstone, buff 60 
Sandstone, buff 65 

QUATERNARY: 
Surficial deposits: 

Top soil 

QUATERNARY: 
Surficial deposits: 

Soil 2 
UPPER AND MIDDLE JURASSIC: 

Entrada Sandstone and Carmel Formation 
undifferentiated: 

Sandstone, hard 23 
Quick sand 70 

QUATERNARY: 
Alluvium: 

A 11 uvial fill 6 
Clay, yellow 11 

UPPER CRETACEOUS: 
:\1ancos Shale: 

Shale, brown 26 
CPPEH AXD LOWEH CRETACEOUS, AND 

UPPER JURASSIC: 
Dakota Sandstone and Cow Springs Sandstone 

undifferentiated: 
Sandstone, dark-gray 34 
Sandstone, light-gray 28 
Shale, light-gray 10 
Shale, light-brown 10 
Sandstone, light-gray 130 

UPPEH AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation 

undifferentiated: 
Shale, dark-red 45 

QUATEHNARY: 
Surficial deposits: 

Surface sand and soil 26 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, buff, soft 24 
Sandstone, gray, hard and sharp 3 
Sandstone) pale-green, hard 18 
Sandstone, white, soft 19 
Limestone, white) crystallized, extra 

hard and sharp 11 

lA-25 
60-3.75-3.70 

Sand, red 
Sandy shale, red 

230 Water sand, white, with increased 
265 water flow 

Water sand, white 

300 Moenave Formation: 
360 Sandstone, red, hard 
386 Sandstone, red, soft 
428 Sandstone, red, hard 
445 
450 

2K-306 
14-2.45-16.10 

Sandstone, red, water 
Sandstone, light-red 

4 Chinle Formation: 
36 Shale, purple, red, gray 

Sandstone, red, flaky, soapstone(? ) 

81 
93 

190 

284 

505 

2K-321 
40-8.50-5.75 

30 

Sandstone, 
Sandstone, 
Sandstone, 
Sandstone, 
Sandstone, 
Shale, red, 

Sandstone, 
Sandstone, 
Sandstone, 

light- colored, hard 
red, hard 
red 
gray 
red 
sticky 

buff 
buff 
buff, seep at 265 feet 

Sandstone, buff, more water at 370 feet 
Sandstone, buff, more water at 460 to 

90 470 feet 
155 No information 

2T-317 
41-2.80-11. 00 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

Sandstone 

3M-156 
76-6.75-9.40 

Sand, hard 
Sandy shale 

2 Sand, some water 
Shale, red 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

25 Water sand, 30 gpm on 1 hour test 
95 

3K-311 
96-5.20-1. 00 

Sandstone, light-gray 
Shale, red 

6 Sandstone, light-gray, seep of water 
17 near bottom of strata 

Shale, red 
Sandstone, light-gray 

43 Shale, red 
Sandstone, light-gray 
Shale, red 
Sandstone, seep of water at 500 feet 
Shale, red 

77 Sandstone, light-gray 
105 Shale, red and gray 
115 JURASSIC AND TRIASSIC(?): 
125 Navajo Sandstone: 
255 Sandstone, light-gray, water 

300 

3A-151 
97-5.30-10.00 

Shale lenses, sandstone, lime, gypsum, 
shells, white, buff, blue, gray, extra 

26 soft 
Limestone, white, hard and sharp 
Limestone, white, crystallized, extra 

50 hard and sharp 
53 Sandstone, White, soft 
71 Shale, brownish-purple, soft 
[>0 Limestone, hard 

Sandstone, white, soft, 2 gpm 
101 Sandstone, white, fine) tight, 6 gpm 

80 530 
80 610 

15 625 
15 640 

35 675 
45 720 
20 740 

15 520 
20 540 

30 570 
120 600 

18 708 
2 710 
"I 717 
3 720 

80 800 
23 823 

27 182 
27 20n 
93 302 
81 383 

95 478 
55 533 

850 

5 100 
255 355 

20 375 
5 380 

149 529 

10 310 
5 315 

68 383 
17 400 
20 420 
15 435 
30 465 
20 485 
48 533 
13 546 
18 564 
51 615 

130 745 

69 170 
20 IDO 

5 1D5 
25 220 
17 237 

7 244 
6 250 

12 262 

64 



Table 2. --Selected and modified driller.' log. of wells in the Navajo and Hopi Indian Reservation •• Arizona. New Mexico. and Utah-Continued 

Sandstolle, whitl', watel' sand, watt'r 
raIsed tll 218 ff'ct 

UI'PER THIASSll': 
Chinle Fot'maliun: 

Shin8.I'ump Member: 
Shale, red 
Sandstollt' 
Shule, l"C'd 
Sandstone, seep of water, not t'IH>ugh 

for drilling 
MIDIlLE(?) ANIl LOWER TRIASSIC: 

l\1llL'nkopi FOl'lnation: 
Shale, I'ed 

JClL\SSll' c\l',1l TRIASSK'(?): 
Xavajo Sandstone: 

Sand, gl'a:y 
SancistUlll', gl'a:v, porous 

(,lL'.TERX,\HY: 
Surficial deposit s: 

Soil, sandy 
MIllIlLE(?) .'.KIl LOIrER THHSSIC: 

MoenkoJJl Formation: 
Clay, red 

~CATER:;ARY: 
.:\lluvium: 

Fill, 2 gpm, bad watpt' 
CPPER CHETACEOUS: 

\\ ello Formation: 
Shale and C (Jal 
Sandstone, gray 
Shale, blul' 
Sandstone, gray 

C[,PER CHETACEOUS: 
Toreva Formation: 

Shale, bIll(' 
Sandstone. yelluw 
Shale, blu~ 

Sandstone, yellow 
Sandstone, gl'ay 

Maneus Shale: 
Shall', blue 
Shale and sand, blue, seep of wateI' at 

ISO fect 
Shale, blue 

qCATERNAHY: 
Surficial deJ)osits: 

Surface SOLI 

Broken sand 
U[,['ER CI!ETACEOUS: 

Mancos Shale: 
Shale, dat'k-hlue 

C,UATEH~ARY: 

Alluvium: 
Adohe 
Blow sand 

UPPER CHETACEOUS: 
Mancos Sha] (': 

Shale 
UPPER .JURASSIC: 

Morrison Forrnation and Cow Springs 
Sandstone undifferentiated: 

Sandstone 
Sandy shale 

---~ -~ - -~-.-.------

QUATERNARY: 
Alluvium: 

Adobe 

"0 
15 
15 

12 

33B 

136 
26 

10 

20 

10 
20 
20 
20 

20 
10 
10 
20 
HO 

20 

10 
20 

35 
30 

4B2 

40 
42 

16 

1 
6 

25 

3A-151-Continued 
97-5.30-10.00 

-

40 
55 
70 

82 

420 

Sandy shale, white, soft 

Sandy shale 
Shale, reel 
Sandy shale, red 

PERMIAN: 
Kaibab Limestone: 

Lime rock 
Crevasse 
Lime and sandstone 
Sandstone, poorly cemented and some 

runs 

3A-154 
115-13.0-1.0 A 

136 
162 

UPPER TRIASSIC(?): 
Kayenta Formation and Moenave Formation 

undifferentiated; 
Shale, chocolate-colored 
Shale, red 

3K-310 
117-2.85-10.80 

15 

Sandy shale, brown 
Red beds 
Sand, gravelly, coarse, water 
Sand, hard 

4K- 389 
55-10.75-2.50 

20 

30 
50 
70 
90 

Shale, black 
Shale and coal, layers, gray 
Coal 
Shale, blue 
Sandstone, gray 
Sandstone, layers, gray, blue shale 
Sandstone, gray 
Shale. black 

4K-3B7 
57-3.70-14.15 

20 
30 
40 
60 

150 

170 

IBO 
200 

Shale and coal 
Shale and sandstone lenses, blue 
Sandstone, gray 
Shale, blue 
Sandstone, blue 
Shale, blue 

UPPER ,\ND LOWEH CRETACEOUS: 
Dakota Sandst one: 

Coal, water 
Sandstone, gray 
Sandstone, gray or white 

4M-4 
73-13.15-2.30 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

35 Sandstone, water 
65 Sand and shale 

Sand. hard. tight 
UPPER JURASSIC: 

547 Cow Springs Sandstone: 
Sandy shale. white 
Shale, red, bottom of hole 

4R-26 
73-1. BO-13. 70 

Sandstone 
UPPER AND MIDDLE JURASSIC: 

40 Morrison Formation, Entrada Sandstone, 
B2 and Carmel Formation undifferentiated: 

Sandy shale. light 
Shale, red 

9B Sandy shale. light 
Shale. red 
Sandy shale. light 
Shale, red 

99 
105 

Very sandy shale, nearly white 

--- ----

4R-27 
73-7.15-12.65 

t:1PPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

25 Very Bandy ahale, Beep or .,.ter 

15 
65 
20 

220 
5 

40 

43 

9B 
750 

15 
133 

7 
23 

10 
50 
15 
25 
10 
50 

155 
12 

10 
40 
20 

310 
20 

260 

10 
40 
35 

51 
7 

30 

52 
3 

115 

95 
35 
35 

7 
40 

5 
258 

Depth 
(feet; 

336 

435 
500 
520 

740 
745 
7B5 

B28 

260 
1.010 

30 
163 
170 
193 

100 
150 
165 
190 
200 
250 
405 
417 

210 
250 
270 
5BO 
600 
B60 

B70 
910 
9"5 

59B 
605 
635 

6B7 
690 

220 

315 
350 
385 
392 
432 
437 
695 

586 

65 



Blow sand 
Sand and mud, wateI' 
Sand and gravel, bad water, shut off 

UPPER CRETACEOUS: 
Mancos Shale: 

Shale 

QUATERNARY: 
Surficial dl'positH: 

Sand and soil 
Gravel 

UPPER CRETACEOUS: 
Wppo FOl'n1ation: 

Sand;v clay, yellow 
Clay, gray 
Sandy day, yellow 
Shale, gray 
Sand~· shale, brown 

QU_"TERNAHY: 
AlluviUln: 

,\dahe 
U I'I'EH CRETAC EOUS: 

\\'epo FOl'111ation: 
Clay, y<,lIow 

QU,\ TEHNARY: 
SU1'fil'ial deposits: 

Soil 
UPPER CRETACEOUS: 

Wepa Forrnation: 
Shale, light -colored 
Sandstone, light-gray 
Clay, yellow 
Shale, dark-brown 
Shale, yellow 
Sandstone, light - gra J' 

Ql'ATERN_-"RY: 
Alluvium: 

Valley fill 
Sand with gravel at 115 feet, water 

QUATERNAHY: 
SUl'fic'ial deposits: 

Soil 
Silt and sand, water at 15 feet of top 
Sand, dry 
Sand, dark, water 15 feet of top 

QUATEHNAHY: 
Alluvium: 

Alluvial fill 
Sand and gravel, salt water, 30 gpm 

UPPER TRIASSIC: 
Chin~e Formation: 

Shale, blue and purple 
Shale, red and green 
Shale, gray 

Shinarump Member: 
Sand, yellow 
Shale, red 
Sand, yellow 

MlJ)])LE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Shale, red 

QUATEHNAHY: 
Volcanic rocl(s: 

Malpais boulders, black 
Boulders, red, a form of malpais 

PERMIAN: 
Kaibab Limestone: 

IJme, white 
Lime, white, no cracks 
Lime, yellow, base of Kaibab 240 feet 

CDC onino Sand stone: 
Sandstone 

37 
10 

3 

503 

42 
10 

48 
2 

25 
8 

26 

35 

40 

4 

10 
7 

11 
3 

15 
30 

105 
10 

12 
38 
10 
30 

38 
41 

176 
106 

14 

5 
5 

15 

202 

24 
6 

70 
100 

40 

60 

62 
72 
75 

Coal and slate 
Sandy shale 
Water sand, Dakota(?) 
Sandy shale 
Sandstone, caving bad at 675 feet 

578 

4M-87 
74-7 70-16 75 

Toreva Formation: 
Coarse sand, water 

42 Shale, gray 
52 Shale, black 

Shale, gray 
Sandy shale, gray 

100 Shale, gray 
102 Shale, brown, coal streaks 
127 Shale, brown 
135 No information 
161 

4M-89 
74-10.70-11. 85 

Sandy shale, Jight 
Sandstone, water sand 

35 Shale, gray 

75 

4K-377 
75 2 00 6 90 - -

Sandstone} yellow 
Shale, gray 

4 Sandstone, gray 
Shale, gray 
Sandstone, gray 

14 Shale, gray 
21 Sandstone, gray 
32 Shale, gray 
35 Sandstone, gray, water 
50 Shale, gray 
80 Sandstone, very Jight gray 

5K- 307 
115-3 25-12 80 

UPPEH TRIASSIC: 
Wingate Sandstone: 

105 Sandstone, red, 
115 Shale, red 

5K-304 
131-9 0-13 0 A 

UPPEH TRIASSIC: 
Chinle Formation: 

12 Shale, dark -blue 

soft 

50 Shale, yellow, soft 
60 Shale, red, soft 
90 3 gpm permanent 

Shale, 

5K-305 
131-4 10-12 60 

Sand, 

red and yellow 

gray 
Shale, dark-red to red 

38 PERMIAN: 
79 Kaibab(? ) Limestone: I 

Shale, gray 
Coconino Sandstone: 

255 Sand, red 
361 Sand, red 
375 Sand, gray to red, very hard 

Sand, yellow, very hard 
380 Sand, red, water.2 gpm, salty 
385 Sand, white, water at 740 to 785 feet 
400 

602 

5M-I03 
132-11 35-16 95 

Sandstone, white 
Sandstone, white, cutting good, 

24 wearing cable 
30 Sandstone, white 

Sandstone, white, water 
Sandstone, water-bearing, 610 feet 

100 water sand 
200 Sandstone, yellow, bearing water, 
240 tested 10 gpm 

Sandstone, yellow, no water 
300 No information' 

18 
22 
18 
31 
13 

2 
6 

20 
5 
:3 

:W 
3 

1fJ 
1 

40 
2n 

I 

12 
54 

8 
31 
11 
42 
n 

13 
18 
22 
15 

33 
3 

5 
60 
20 

5 
25 

6 
54 

12 

6 
10 
25 
20 

5 
45 

100 

100 
200 

33 

107 

10 
155 
156 

604 
626 
644 
675 
688 

163 
16!l 
18!! 
lU4 
187 
227 
230 
24!J 
251J 

115 
!4~ 
14::; 

U2 
14(; 

15~ 
18.'; 
1!1(j 
2:,8 
247 
2f)() 

278 
3(j() 

3 ].'; 

HB 
151 

n~ 

155 
175 
180 
205 

608 
662 

674 

680 
680 
715 
735 
7,HI 
785 

-lOO 

500 
700 
733 

8-l0 

850 
I,Oll5 
I, Jli 1 
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Table 2. --Selected and modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

QUATERNARY: 
VolcaniC'roC'ks: 

Cinders 
Lava 

PERMIAN: 
Kaibab Litnestone: 

Lime l gray 

MIDDLE(?) AND LOWER THIASSIC: 
Moenkopi Formation: 

SurfaC'E' soil and red shale 
Lin1estone, red 
Shale, red 

PERMIAN: 
Kaibab Limestone: 

Sha Ie I ye llow 

PERML'.X: 
Kaibab Limestone: 

Lime, white, very brokpn cracks and 
crevasse 

Lime, white, very broken cracks, 
hard to keep hol~ straight 

Lime, white tt) grayish, hal'd 
Coconino Sandstone: 

Sandstone, mediulTI-hard 
Sandstone, yellow, soft 
Sandstone l yellow, soft 

PERML\:"i: 
Kaibab limestone: 

LiInestone boulders 
Limestone 
Limestone 

QL\TEH;);AHY: 
Alluvium: 

Sand, fine, water 
CPPER CRETACEOUS: 

Toreva Formation and Mancos Shale 
undifferentiated: 

Shale 
Shale with fossils 
Shale 
Shale, black 
Shale 

CPPEH AXD LOWEll CHET,iCEOTTS, ,i~]) 
('PPEl{ ,\XfJ :\lIDDLE JD!{;iSSIC: 

Dakota Sandstone l CQ\V Springf::l Sandstone l 

Entrada Sandstone, and Carmel Forma
tion undifferentiated: 

Shale, black and red 

QC,\Tt:H;);ARY: 
Surficial deposits: 

Soil 
Sand 
Sand and gravel, water 

UPPER CRETACEOUS: 
Mancos Shale: 

Shale, black 
Shale, gray 

QUATERNARY: 
Surficial deposits: 

Soil 
Sand, water 

QUATERNARY: 
Alluvium: 

Drift sand 
Clay, gray 
Sand, water 
Adobe 
Mud, water 
Adobe 
Sandstone and gravel 

58 
47 

163 

12 
8 

10 

5 

100 

100 
55 

45 
100 

69 

4 
16 

195 

72 

517 
22 
72 

6 
311 

22 

40 
18 
26 

128 
4 

30 
30 

3 
26 

7 
15 
4 

21 
16 

-

5M-104 
132-12.30-9.70 

58 
105 

268 

Lime l red 
Coconino Sandstone: 

Sand rock 
Water sandI water 
SandI pink 

5M-86 
144-10.75-3.90 

Sandstone, yellow 
Lime stone J buff 

12 Coconino Sandstone: 
20 Sandstone l buff 
30 Sandstone l gray 

Sandy shale, yellow 
Sandstone l white l water-bearing 

35 Sandstone, yellow 
-

5M-122 
145-9.70-4.10 

100 

200 
255 

300 
400 
469 

Underground cave opening 
Sand pocket, sand running in 
Yellow, white streaks 
Sandstone, white 
Sandstone l yellow, ~oft 
Sandstone, yellow, soft, with sand 

pocket 
Sandstone, soft, with sand pocket at 

643 feet 
Sandstone, yellow I bearing water 

5T-320 
145-1. ~0-6. 00 

4 
20 

215 

Coconino Sandstone: 
Sandstone, yellow 
Sandstone, white 
Sandstone, yellow 
Sandstone, white 

6K-85 
93-10.70-12.80 

72 

589 
611 
683 
689 

I, 000 

1,022 

Shale 
Shale, brown 
Sandstone, brown, water rose to 200 

feet below surface 
Sandstone, light - gray 
Sandf::ltone, light-red, Clncllgreen to 

white shale 
Sandstone, light-red 
Sandstone, pale 

BM-80 
93-13.65-5.90 

Shale, black 
UPPER AND LOWEH CRETACEOUS: 

40 Dakota Sandstone: 
58 Sandstone, little water 
84 Shale, black 

Sandstone, flowing water 
Coal 

212 Clay, gray 
216 

6M-3 
94-0.70-11. 50 

Sand and gravel, water 
UPPER CRETACEOUS: 

30 Mane as Shale: 
60 Shale, black 

6M-10A 
94-6.75-11. 30 

Sandstone, artesian water 
Shale, black, coal 

3 Sandstone, artesian water 
29 Shale, gray 
36 Coal 
51 Clay, gray 
55 UPPER JURASSIC: 
76 Cow Springs Sandstone: 
92 Chalk 

82 

285 
20 
82 

·1-5 
L20 

111 
10 

3 
6 

24 

B 
J:j 

111 
25 
7,~ 

2'7 

4e 
63 

25 
110 
1::l(J 

73 

~2 
:2::; 

22 

123 
1(1 

:33 

1 G~l 

:n 
20 
2G 

3 

5 

31 

7 
24 
42 

8 
4 

15 

80 

Depth 
«(eet; 

3,'j() 

645 
865 
757 

HII 

:2(H) 

2111 
22U 
223 
228 
25 :j 

477 
-l:QU 
,]1)(1 

,");25 

(Jill) 

t):':'7 

hi:) 
7 ::;8 

:2-+(1 
::\;)(1 

4311 
)JJ 

1,UH 
1, U()'i 

i,11 1\) 

1, 1 ~ ~ 

1 J 2-45 
1, ~5:) 
1,2HU 

~W5 

-422 
H2 
468 
-171 
H:l 

65 

96 

----

241 
265 
307 
315 
319 
334 

H4 

'. 



UPPER CRETACEOUS: 
Mancos Shale: 

Shale, blae k 141 
UPPER f\ND LOWEH CHETACEOUS: 

Dakota Sandstone: 
Coal 

QUATERNARY: 
Alluvium: 

Blow dust 3 
Santi 7 
Clay 40 
Broken l'oC'k 10 
Sand, fint'"1 water 27 

(~UATERN,\RY: 
SLlrficial Ol'posits: 

Sandy soil 10 
UPPER CRETACEOUS: 

Toreva Fornlation: 
Sandstone, yellow 35 
Sandstone, gray 15 
Shale, gray 10 
Sandstone 31 

Mancos Shale: 
Shale, blue, water level 550 feet 739 

Ql1,c,TERNAHY: 
.-llluviuIU: 

Botton) of caisson, sand, water 80 
Clay, yellow 5 
Sand and gravel, \vater 12 

UPPER CRETACEOUS: 
Mancos Shale: 

Shale, above water shut off with 10 -foot 
casing 183 

VPPER ,\XD LOWER CRETACEOUS: 
Dakota Sandstone: 

Coal, water 14 
Sandstone, water 4 gpm 6 
Shale, gray 10 
Slate, dark 5 

FPPER AND MIDDLE JURASSIC: 
Cow Springs Sandstone, Entrada Sandstone, 

and Carmel Formation undifferentiated: 
Sandy shale, white, 15 gpm at 350 feet 45 

QU.c, TERNARY(?): 
.c,lluvium(? ): 

Old well, nO log 65 
UPPER AND MIDDLE JUHASSIC: 

Entrada Sandstone and Carmel Formation 
undifferentiated: 

Shale, red 13 

QUATERNARY: 
Alluvium: 

Sand 4 
Clay 34 
Blow sand 45 

, 

QFATERNAHY: 
Surficial deposits: 

Soil 2 
UPPEH CRETACEOUS: 

Tareva Formation: 
Sand rock 53 
Shale, light 20 
Sand 33 
Shale, light 12 

QUATERNARY: 
Surficial deposits: 

Surfac e soil 6 
Sand 72 
Fine sand, water 7 
Gravel and sand, water cemented out 20 

UPPER CRETACEOUS: 
Mane os Shale: 

Shale, black 31 

233 

234 

UPPER AND MIDDLE JURASSIC: 

6M-19 

Entrada Sandstone and Carmel Formation 
undifferentiated: 

Shale, red 

94 11 05 17 05 - -

Sandstone and gravel, water 
UPPER AND MIDDLE JURASSIC: 

3 Entrada Sandstone and Carmel Formation 
10 undifferentiated: 
50 Shale, red 
60 Sandstone 
87 

6M-40 
94-12 60-6 50 

UPPER AND LOWEH CRETACEOUS: 
Dakota Sandstone: 

10 Shale, black, BODle coal 
Sand, gray 
Shale, blue 

45 UPPER JURASSIC: 
60 Cow Springs Sandstone: 
70 Shale, red clay 

101 Sandstone~ red 
Water sand, white, loose 

840 

6K- 302 
95-5 65-8 50 

Shale, red with streaks of white 
Sandy shale, white 

80 Shale, red 
85 Sandy shale, white 
97 Shale, red, 12 gpm at 400 feet 

Sandy shale, white 
Shale, red 
Sandy shale, white 

280 Shale, very dark red 
Sandy shale, white 
Sandy shale, white, water 

294 Shale, red 
300 Sandstone, gray, dry 
310 Sandy shale, white 
315 Shale; red 

Sandy shale, white 
Shale, red 

360 

6M-35 
95 8 50 15 20 - -

Shale, gray 
Sandstone, water 

65 Shale, gray 
JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, gray 

78 Sandstone, red 

6M-61 
95 2 90 3 90 - -

Sand and mud, fine, 
Sand, some gravel, 

4 UPPER CRETACEOUS: 
38 Mancos Shale: 
83 Shale 

6M-64 
95-4 45-1 25 

Sand 
Shale, dark 

2 Sandy shale, dark 
Sand 

Mancos Shale: 
55 Shale, dark 

water 
water 

75 UPPER AND LOWEH CRETACEOUS: 
108 Dakota Sand st one: 
120 Water sand 

6H-12 
113-3 15-4 55 

UPPER AND LOWEl:( CRETACEOUS: 
Dakota Sandstone: 

6 Coal 
78 Shale, black 
85 Sandstone, water 

105 Coal 
Shale, black 

136 

14 428 

3 (JIJ 

20 11fJ 
35 140 

58 8D8 
22 H2O 
85 1,005 

155 1, 100 
80 1,24fJ 
10 1,20r) 

15 375 
10 385 

2 387 
11 3DS 
65 463 
27 4(JO 
34 524 

5 52D 
19 :;48 

5 553 
17 571J 

5 575 
13 088 
18 606 

6 612 
96 708 

7 715 

16 94 
4 98 
9 107 

23 130 
3 133 

47 130 
7 137 . 

27 164 

20 140 
20 160 
55 220 
15 23;) 

600 830 

25 860 

2 138 
2 140 

32 172 
3 175 

In 1f14 

bd 



Table 2. --Selected and modified drillero' 1011. of well. in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Contlnued 

QUATERNARY: 
SUl'fil'iul deposits: 

Surfacl' soil 
Sand 

UPPER JUHASSIC: 
Cow Springs Sandstone: 

Sandstone, t'pd 

Sandstone, gray, water at 102 feet 

QUATERNARY: 
Alluvium: 

Clay 
Sand, fine, water 
Sand and gravel, water 

l,cxrERNAHY: 
:-;udicial dt'jHlsit s: 

Soil 
Sand 
Sand, water 
Sand and gravel 

TERTL\RY: 
Bidahochi FU1'mation: 

Sand, light -brown 
Sand, brown, shale streaks 

UPPER CREL\CEOUS: 
lVlancos Shale: 

Shale, blue 
Har'd lime shell 
Shale, blue 
Shale, blac k 

lIU . .\TER:'nRY: 
Surficial deposits: 

Top soil 
Sand, louse 

TERTIARY: 
Bidahochi Formation: 

Sanclstul1(, 

(,iL" .. \TER:>i .. \RY; 
Sdl'ficiaJ clc'posits: 

Surface suil 
TERTIAHY: 

Bidahochi FUI'mation: 
Blow sand and quicksand 
J?entonite 

UPPER CHETACEOUS: 
Mancos Shale: 

Shale, gray 

qUATERNARY: 
Alluvium: 

Sand, red, soft 
Conglomerate and gravel 

UPPER CRETACEOUS; 
Mancos Shale: 

Shale, blue 

QUATERNARY: 
Alluvium: 

Sandy clay 
Cinders and clay 

UPPER AND MIDDLE JURASSIC: 
Cow Springs Sandstone, Entrada Sandstone, 

and Carmel Formation undifferentiated: 
Shale, red 

15 
56 

13 
36 

45 
10 
17 

8U 
18 
17 

5 

125 
III 

125 
4 

271 
10 

5 
83 

12 

341 
45 

435 

48 
2 

105 

4 
76 

15 

6H-13 
113-5.25-5.75 

UPPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation 

15 undifferentiated: 
71 Shale, red 

Sandstone, gray 
Shale, red 

84 Sandstone, gray I water 
120 Shale, red 

No information 

6M-25 
114-5.55-9.00 

45 
55 
72 

UPPER TRIASSIC(?): 
Moenave Formation: 

Sand, fine 

6M-29 
114-1. 40-1. 80 

80 
98 

115 
120 

Sand and clay. very fine 
Sand and gravel 

UPPER AND MIDDLE JURASSIC: 
Entrada Sandstone and Carmel Formation 

undifferentiated: 
Shale, red and gray 

7H-l 
n-l0. ;;5-16. 25 

Shale, gray 
UPPER AND LOWER CRETACEOUS: 

125 Dakota Sandstone: 
135 Sand, gray, water 2-1/2 gpm, 

Mesaverde 
Shale, blae k 

260 Sandy Shale, gray 
264 Sand, gray. water, Mesaverde 
535 Shale, green 
545 Sand, gray, shale streaks 

7K-365 
111-12.25-1. no 

Sand 
Shale, gray 

5 UPPER AND LOWER CI{ETACEOUS: 
88 Dakota Sandstone: 

Coal and shale 
Sandstone, gray, 2 gpm at 425 feet, 

100 increase at 460 and 475 feet 

7H-15 
112-7.00-3.25 

345 
390 

825 

Sand, gray. no water 
Shale, dark 

UPPER AND LOWER CHETACEOUS: 
Dakota Sandstone: 

Water sand, Mesaverde 
Shale, black 

7H-45 
112-10.40-13,30 

UPPER AND LOWER CHET ACEOUS 
Dakota Sandstone: 

48 Coal 
50 Shale, blue 

Water sand, Mesaverde 
Shale, blue 

155 Water sand 

7K-369 
113-0.75-12.50 

Sand and shale, 1 gpm at 100 feet 
Sand and red shale 

4 Sandetone, white, 8 gpm at 270 to 
60 297 feet 

Shale, red 
Shale, red and blue 

95 
Sandy shale, buff 
Sandy .hale, red 

28 
90 
35 
28 
29 
20 

25 

38 
2 

40 

30 

15 
9 
2 

46 
4 

14 

106 
184 

10 

94 

25 
35 

20 
88 

5 
50 
22 
28 

4 

10 
15 

177 
3 

110 
30 
57 

Deplh 
(feel) 

148 
238 
273 
301 
330 
350 

97 

158 
160 

200 

575 

580 
589 
601 
647 
651 
665 

206 
390 

-100 

494 

850 
885 

905 
993 

160 
210 
232 
260 
264 

105 
120 

297 
300 
410 
440 
497 

69 

r· 



QUATEHNi\lW: 
/\lluvium: 

Clay, t'ed, l'ewDl'kt'd 37 
Clay, red, heavy, l'ewol'ked 43 
Sandy day, red, sand pa rticlcs and small 

lime pebbles 10 
Sand and finc gl'uvl'l, medium to coarse, 

1-1/2 gpm 8 
Silly clay, da"k- ,'pddish-brown 17 
No infot'matioll 20 

Q!' Xl'EHN .. \ BY: 
Surficial dl'pllsits: 

~urtac(' soil 35 
TEI\ l'L';HY: 

Bidahlwhi FOl'll1ation: 
Sand, white 20 
Sand 01' sandy shale, red 21 
Sandy shale, red 24 

l~!' .. \TEH01AHY: 
;\lluviuln: 

:\Ialpsis 20 
TEHTL\HY: 

Bidahochi FlH'mation: 
Shale, light-colored 120 
Shall', green 20 
Shale, red 20 
C'ongloll1Cl'ate, very hard 18 

!'PPEH TlU.';SSIC(?): 
::\Iocnave Forn1ation: 

SandBtone, ,'ed 62 
Shale, red 32 
Shale, gray and red 24 
Shale, red 32 

l'PPEH THL\SSIC: 
\Vingate S!"'ndstone: 

Sandstone, red, watel' I gpm 6 
Shale, dark- ,'ed, soft 56 

Ql',\TER01.·\RY: 
Alluvium: 

Sand 12 
:\Ialpais gravel 8 
Gravel and sand II 
,~Ialpais gravel 14 

QC,\TEH::\C\HY: 
.. \lluvium: 

Clay, red 24 
Clay, red 5 

L'PPEH TRIASSIC: 
Chinle Formation: 

Shale, blue 30 
Painted Desert badlands, red 60 
Shale, blue, sticky 148 
c: lay, red, hard 15 
Shale, red, hard 2 
Shale, red 54 
Shale, gray 20 
Shale, gray 18 
Shale, red, fine 21 
Shale, white 18 

QUflTEHNAHY: 
Surficial deposits: 

Top soil 2 
Gravel and red clay 26 

PEHMIA01: 
Cutler Formation: 

Sandstone, buff, hard 14 
Sandstone, light-red, soft 28 
Sandstone, buff, hard 33 
Sandstone, red, soft II 
Sandstone, buff, very hard 21 
Sandstone, light- red, medium-hard 59 
Sandstone, buff, very hard 14 
Sdndstone, White, medium-hard, seep at 

218 feet 20 
Sandstone, gray, very hard 8 

7H-121A 
127-10.8-12.6 A 

Sand and some gravel. 
ly cemented 

ve,'y finc. poor-

37 Sand, fine, lime pebbles and fragments 
80 of anhydrite, water 

Sand, medium, water 
00 Sand, coarse, fine gravel, water 

UPPEH THIASSIC: 
98 Chinle Formation: 

115 Shale, red, very soft, caves 
135 

7H-246 
128-13.4-8, goA 

Sandstone, red 
UPPEH TIUASSIC: 

35 Chinle Formation: 
Sandy shale, white, soft, small seep, 

bad water 
55 Sandy shale or sandstone, red 
76 Sandy shale, lighter color, gray or pink 

100 turning to red 

7K-352 
128-6.30-3.35 

Sandstone, light- red, water 1 gpm 
Shale, red, soft 

20 Sandstone, red 
Shale, light- red 
Sandstone, light- red, very dirty 

140 Shale, light-red 
160 Sandstone, red 
180 Sandstone, very light red 
188 Sandy shal e, light-red 

Sandstone, red, water increased slight-
ly 

260 Sandy shale, red 
292 Sandstone, red, water increased slight-
316 10', Navajo(? ) 
348 Sandy shale, red 

Sandstone, red, water increased to 7 

- gpm, Navajo( 'I) 
354 Shale, red 
410 

7K-366 
129-5.85-1. 20 

Sandy shale 
Malpais gravel and sand 

12 TEHTIARY: 
20 Bidahochi Formation: 
31 Sandstone, tan 
45 

7H- 247 
, 141-4,0-4. a A 

24 
29 

59 
119 
267 
282 
284 
338 
358 
376 
397 
415 

8K-424 
11-7 25-9 05 

2 
28 

42 
70 

103 
114 
135 
194 
208 

228 
236 

Shale, red 
Shale, white 
Shale, red 
Shale, red 
Shale, gray 
Shale, gray 
Shale, red 
Shale, gray 
Shale, red 
Shale, gray 
Shale, gray 
Shale, red 
Shale, gray, Chinle 986 feet 
Shale, red 
Shale, gray 
Shale, red 

Sandstone, light-tan, medium-hard 
Shale, red, medium-hard 
Sandstone, dark-red, ll1ediull1-hard 
Sandstone, light- red, very hard 
Shale, red 
Sandstone, light- red, very hard 
Sandstone, buff, very hard 
Sandstone, light- red, medium-hard 
Shale, red, very soft and gllmmy 
Sandy shale, red 
Sandstone, red, medillm- hard 
Shale, gumbo, red 
Sandstone, red, soft 
Sandstone, light-red, mediu111-hard 
Sandstone, buff, very hard 

15 1511 

7 157 
4 I H I 
6 jfi7 

2:l 180 

620 720 

15 7:l5 
175 fJIO 

102 1,012 

30 440 
15 4;)5 
8 46:1 

37 500 
45 545 
35 5HO 
15 Sf};) 

20 (jl5 

80 fins 

3 HfJ8 
7 705 

5 710 
8 718 

17 730 
40 775 

10 55 
27 82 

40 122 

23 438 
22 460 
20 480 
10 4110 
25 515 
30 045 
36 581 
87 668 
16 684 
15 snp 
20 7 Ii) 
23 743 
12 754 
68 822 
53 875 

140 1,015 

26 262 
26 288 
11 200 
13 :1l2 

6 318 
5 323 
8 331 

49 380 
D 38~1 

31 420 
68 48H 
II 4~Hl 

52 551 
38 5~H) 

10 GOO 

70 



Table 2. - -Selected and modified drillers' lOll" of well. in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

QUATERNARY: 
Surficial dl'posits: 

Soil 
PERMIAN: 

Cutler Formation: 
Cedar ME'sa Sandstone Ml'mlwr: 

Lime, red 

QUATERNAHY: 
t~lluvium: 

Surface sand 
Jl1R,\SSIC A;'>JD TRgSSIC('»: 
~avajo Sandstone: 

Sand, pink, hard 
Sand, brown 
Sand, red, hard 
Sand" brown 
Sand, red, hard 
Sand, light-red 
Sand, gl'ay, water 
Sand, light-red 
Sand, brown 

CPPEH TRI.>\SSIC('!): 
Kayenta Formation: 

Sandy shale, red, fine 

QL-\ TER='<,\RY: 
:-\lluvium: 

Blow sand, red, very cavey 
Shale, red 
Sand, l'ed, soft 
Gravel, dry 
Sand, red, soft, :\avajo, with streaks of 

QL\TEH;\L-\RY: 
Surficial deposits: 

Top soil 
Sha Ie and gravel, red 

tOPPER AND ~lIDDLE JUHASSIC: 
Carmel Formation: 

Shale, red 
Sandstone, red 

---

JUHASSIC ,\ND THI,\SSIC(?): 
:\avajo Sandstone: 

Sand, red, 0Javajo 

CPPEH TRIASSIO: 
Chinle Formation: 

Shinarump Member: 
Sandstone 

UPPER JURASSIC, 
1'o'101'1'ison Formation: 

Sandy shale, gray 
Sandy shale, gray 
Sandy shale, gray 

JUHASSIC fiND THIASSIC(?): 
Navajo Sandstone: 

Sandstone, red 
Sandstone, red, water, Navajo(?) 

QIJATEHNAHY: 
Alluvium: 

A lluvial fill 
UPPEH JUHASSIC: 

Morrison Formation, Bluff Sandstone, 
Summerville Formation, and Entrada 
Sandstone undifferentiated: 

Shale, red and brown 
Sand, white, seep of water, Morrison(?) 

54 

2 

31 
27 
22 
66 

2 
20 

5 
17 
61 

10 

20 
5 

25 
5 

1 
89 

26 
12 

----

95 

20 
25 
30 

148 
7 

70 

138 
5 

8K-432 
12-6.45-14.65 .. II~' ~ /'/ 

Sandstone, red 
Sandstone, red, hard, seep of water 
Sandstone, red, hard 
Sandstone, white, very hard 

62 

8K-403 
22-5.35-10.70 

Shale, red, sticky 
Sand, red, hard 

2 Sand, red, coarse, water 47 gpm 
UPPER TRIASSIC: 

Wingate Sandstone: 
33 Sand, red 
60 Sandy shale, red 
82 Sand, red, coarse, water 

148 Sandy shale, red 
150 Sand, red, hard 
170 Shale, red 
175 Sand, red 
192 Shale, red 
253 Sandy shale, red 

Shale, red 

263 

8K-402 
23-11.65-3.15 

J.:;-

red shale 
Gravel, coarse, carrying water 

20 PERMIAN: 
25 Cutler Formation: 
50 Sandy shale, red 
55 Sand rock, red, hard 

Shale, red, tough 

8K-436 
23-1. 40-13. 10 

Shale, red 
Sandstone, light-brown, 3 gpm 

I Shale, red 
90 JURASSIC AND TRIASSIC(?): 

Navajo Sandstone: 
Sandstone, light-red, 6 to 8 gpm at 172 

116 feet 
128 

8A-299 
24-4.80-13.50 ,,~ 1.-', 

Sandstone, red, hard, water at 190 to 
500 feet 

8K- 566 
24-2.7-1. 7,AI 

MIDDLE(?) AND LOWEH THIASSIC: 
Moenkopi Formation: 

Shale, red 
95 

8A-277 
37-11.45-10.75 

20 
45 
75 

8K-40 1 
39-7.20-1. 50 

Sandy shale, gray 
Sandy shale, gray 
Sand, gray, soft 
Sand, gray, hard 
Sand, red, coarse 

Sandstone, red 
Sandstone, red, water, Navajo(?) 

148 Sandstone, red 
155 Sandstone, red 

9K-211 
7-10.20-13.50 

Shale, red 
Sandstone, red, Navajo(?) 

70 Sandy shale, light 
Sandstone, red 
Sandstone, light-red, salt water 

UPPER AND MIDDLE: JURASSIC: 
Carmel Formation: 

208 Sandstone, dark-red 
213 

- - - - --.... ~~~>-- - -~- .. - -- --

43 
125 
215 

6 

13 
17 
82 

125 
15 
63 
66 
10 
2 
5 
7 

14 
25 

15 
5 

10 
30 

8 

2 
16 

4 

156 

17 

45 
25 
30 
30 

7 

40 
5 

20 
30 

5 
22 
30 

240 
23 

17 

Depth 
(feetl 

105 
230 
44.5 
451 

276 
293 
375 

500 
515 
578 
644 
654 
656 
661 
668 
682 
707 

70 
75 

85 
115 
123 

130 
146 
150 

306 

500 

112 

120 
145 
175 
205 
212 

195 
200 
220 
250 

218 
240 
210 
510 
533 

5aO 

71 



UPPER JURASSIC: 
Morrison Formation and Bluff Sandstone 

undifferentiated: 
Sandetone, gray, 1 gpm at 20 feet 30 
Sandstone, gray, layers of red shale 20 
Sandstone, gray 20 
Sandstone, red 01' pink, aquifer about 400 

feet 30 
Sandstonp, pink 10 
Shall', red, pel'fot'ations l'CCOlnnlended 

360 to 550 feet 10 
Sandstone and shale layers 30 
SandstonE', ['ed 60 
Shale, red, production probably 20 to 30 

gpm at unknown depth 10 

tipPER JlIl{,\SSIC: 
Entrada Sandstone: 

Sandstone, upper third of Navajo Sand-
stOllE' 35 

Sandstone 35 
Sandstone 35 
Sandstone, red, Navajo 45 
Sand, red 20 
Sandstone, red 70 
Sand, red 35 

l'[,PEH ,\ND MIDDLE JURASSIC: 
Carmel FOl'll1ation: 

Sand and shale streaked, red 25 

Ql:yrEHNAHY: 
A lluviUll1: 

Surface sand, Navajo Sandstone 10 
CPl'ER JUH,\SSIC: 

:\Iol'l'ison FOl'l11ation: 
Sandstone 12 
Boulders 15 
Shell and shale 8 
GUIllbo 15 
Sandy shale 25 
Sandy lime, hardy 10 
Gumbo 5 
LiIlle, gray, hard 10 
Sandstone, brown, hard 15 
Li111e, gray 5 
Sandstone, brown 5 
Sand, s111a11 amount of water 5 

Sum 111 ervi11e Forma hon and Entrada Sand-
stone undifferentiated: 

Shale and shell 35 

JUHASSIC AND THIASSIC(?): 
~avajo Sandstone: 

Sand, red, approximate top of Navajo 
Sandstone 75 

Sand, red 105 
Water sand 7 
Sand, light 48 
Water sand 8 
Randstone 30 
Water sand 7 
Sand 60 

UPPEH THIASSIC(?): 
Kayenta Formation: 

Sandstone 100 

QUATERNAHY: 
Surficial deposits: 

Soil 60 
Mud sand and water 78 

QUATEHNARY: 
i\]luvium: 

Alluvial fill 40 
Alluvial fill, c lay and sand, water 90 
i\ lluvial fill, clay, very dirty 40 
Sand and gravel 8 

Teec Nos Pos 4 
19-5,90-ti,U5 

Sandstone, red 
Sandstone, gray 
Shale, blue, bail test at 370 feet, 

30 increase 
50 Sandstone, gray 
70 Sunllnerville Formation: 

Shale, red 
100 Sandstone, yellow 
110 Shale, red 

UPPEH AND MIDDLE JUHASSIC: 
120 Carmel Formation: 
150 Sandstone, light- red 

no 

210 Sandstoner red, bailed to 250 feet at 

220 

9B-17 
20-4,00-0,65 

32 gpm 

Sandstone, red 
Sand, red, show of water, 
Sandstone, red 

35 Sand and shale, red 
70 JURASSIC AND THIASSIC(?): 

105 Navajo Sandstone: 
150 
170 
240 
275 

300 

9Y-12 
21-1,75-1.40 

10 

22 

Water sand, red 
No inf orma tion 

Lime 
Sandy shale 
Shale and shells 
Gumbo 
Clay, red 
Shale, red 

1-1/2 bailer 

37 Sand, water, 7 bailers per hour 
45 Shale, ['ed, water, 8 bailers per hour 
60 Sand 
85 UPPER AND MIDDLE JURASSIC: 
95 Carmel Forn1a tion: 

100 Shale, red 
110 JURASSIC AND THIASSIC(?): 
125 Navajo Sandstone: 
130 Watel' sand 
135 Shale, gray 
140 Water sand 

Water sand, streaks of shale 

175 

9Y-81 
21-2',30-16,30 

UPPEH TRIASSIC: 
Wingate Sandstone: 

Sandy shale, red 
75 Sand and shale 

180 Sandstone 
187 Sandy shale, red 
235 Sand and shale, red 
243 
273 
280 
340 

440 

9Y-87 
36-4 30-7 85 

Shale, red 
Sand, water 
Sand and shale 

Sand and gravel, 
UPPER TRIASSIC: 

60 Wingate Sandstone: 
138 Sandstone, red 

gy -9SB 
36-6 95-2 60 

Clay 
Sand 

40 Gravel, coarse, 
130 UPPER THIASSIC: 
170 Wingate Sandstone: 
178 Sandstone, red 

very fine, 

water 

water 

30 250 
110 360 

10 :370 
50 420 

10 431J 
20 451J 
10 4HO 

60 521J 

23 54:l 

25 325 
5 3,30 

25 :l55 
35 :J ~J (J 

135 525 
3 528 

7 182 
8 IDU 

40 230 
30 260 
45 :305 
50 :l55 
12 367 
31 3f)8 
12 410 

88 4~J8 

12 510 
28 538 
42 580 
12 592 

65 505 
15 520 
30 550 
45 595 
50 645 
75 720 
66 786 
50 836 

14 152 

13 165 

2 180 
26 206 

4 210 

23 233 



Table 2. --Selected and modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico. and Utah-Contlnued 

QI1Xl"EHN,\HY: 
:\l1uvium: 

Silty sand, very fine, dark-pink, Navajo 
.JlJIHSSIC .. \ND THIASSIC(?): 

:\!avajo Sandstone: 
Siltstone, dark- pink 

Ql1XfEH1H RY: 
.-\lluvlum: 

,-\dobe and silt, water at 41 feet, bail 25 
gpm 

Sand and silt 
Bot1l' gl'3vel at lUO feet 

('PPEH THL\SSIC; 
Chinle Formation: 

Shale, l'ed 
:;Iwle, l'ed 
Shall::', g1'3;'-" 
ShalL~, light-gl'ay 
\\"3tt'1' sand, ;) gpll1 
Shalf', t'C'el 
Shale J l'ed 
Shalt" gra)' 
Shalf', red 
Shale, gray 
Shale, l'ed 
~hale, gray 
:lilalc, red 
~hall', gt'ay 
:lewd, gl'ay, hard 
-,",hall', gt'3,) 
Shale, t'eel 
~andy shale, dark 
SaJld~· shale 

Shlllaru~llp .:'<.Iember: 
\\ ater sand 

l"l'PEll TRL\SSIC: 
Clnnle Formation: 

Sand, b1'OWI1 
Sand, gt'ay 
Shale, blue 

:-1hinat'ump ::\lembel': 
SJ.!lC.l, gray, Bhowing of water 

()L" \ TF:I"'",\ 1\1': 
Sudivi3: dC'P'lsit s: 

.c.;ul'fal~e soll 
Sand and water 
Clay and 111 Jd 
Sand and mud 
Clay 

QI:xrEH:\,\ I\Y: 
:\lluvillll1: 

Blow sand 
l"I'I'EJI TI\L\SSIC( 7) ,\ND UPPEll TlUflSSIC: 

Ku) enta Formation and Wingate S?ndstone 
I..I!H..liffe l'entiated: 

Sand 8t0118, red 
I:I'I'EH TIU1\SSIC: 

\Vingatt:' Sandstone: 
Water sand, gray. 2 gpm 

IJI'I'EIt ,)tJHflSSIC: 
:Vlof'rison Fot'matioo: 

Sand stone, gray 
Sandy shale, brown 
Sandy shale, gray 
Sandstone, red 
Sandstone, gray, water 
Shale, gray 
Sandstone, gray 
Shale, red and brown 
Sandstone, gray, seep of water at 220 feet 
Shale, red 
Sandstone, gray 
Shale, red 
Sandstone, gray 
Shale, red 
Sandstone, gray, seep of water 
Shale, red 
Sandstone, gray, seep of water 
Shale, brown 

50 

130 

68 
122 

13 

32 
15 

Q 

6 
17 
18 
76 

4 
42 
13 

120 
40 
76 
11 
5 
8 

10 
10 
25 

40 

26 
94 
11 

87 

14 
16 
16 
15 
11 

44 

68 

13 

62 
11 
19 

6 
16 
16 
42 
15 
33 
37 
38 
77 

9 
9 

16 
27 
22 

5 

9Y-92 
37-1.85-14.25 

50 

180 

Sand, very fine, light-red 
Sand, light-red, very fine, friable 
Sand, light-red, fine, clean 
Sand, light-pink, very fine, water at 

220 to 300 feet 

10K-7 
53-6.45-10.00 

68 
190 
203 

235 
250 
259 
265 
282 
300 
376 
380 
422 
435 
555 
595 
671 
682 
687 
695 
705 
715 
740 

789 

Sand, brown 
Sand, light, water 
Shale, gray 

PERMIAN: 
De Chelly Sandstone: 

Sand, light, water' flow 4-1/2 gpm 
Sand, brown 
Sand, soft 
Sand, hard 
Sand, brown, hard and soft 
Sand, hard 
Water sand, soft, flow increased 1 gpm 
Sand, hard 
Sand, iron shells 
Sand, hard 
Broken sand, lime shells 
Sand, hard 
Sand, soft, water increased to 15 gpm 
Sand, broken, lost to 9 gpm 
Sand, soft, small water gain 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Broken lime shells 
Sand, very hard 
Sandy shale 
Sdnd 

10K-213 
53-0.30-11.05 

26 
120 
131 

218 

PERMIAN: 
De Chelly Sandstone: 

Sand, light-gray. water 
Sand, buff, dry 

10H-166 
53-5.45-16.15 

14 
30 
46 
61 
72 

Sand and gravel 
Clay 
Gravel 
Sand, grave 1, clay 

UPPER TRIASSIC: 
Chinle Formation: 

Shale, red 

10R-174 
53-11. 45-1. 90 

44 

112 

125 

Sandy shale, red 
Water sand, gray, 1 gpm 
Sandy shale, red 
Shale, red 

10K-221 
54-6.90-6.25 

62 
73 
92 
98 

114 
130 
172 
187 
220 
257 
295 
372 
381 
390 
406 
433 
455 
460 

Shale, red 
Sandstone, gray, seep of water 
Sandy shale, light 
Shale, red 
Sandy shale, light 
Shale, red 
Sandy shale, light, bottom of Morrison 

UPPER AND MIDDLE JURASSIC: 
Summerville Focmation,Entrada Sandstone'I' 

and Carmel Formation undifferentiated: 
Shale, red, Carmel 
Gravel, salt water, raised to 480 feet 0 

top 
Shale, red 
Very hard formation 
Shale, red, soft 
Sandstone, shale 

JURASSIC ANDTRIASSIC(?): 
Navajo Sandstone: 

Water sand, Navajo 

40 
55 
15 

10 

25 
8 
8 

80 
61 
39 
10 
20 
10 
4 

11 
38 
37 
60 
40 

6 
80 

6 

26 
48 
49 

4 

107 
19 

12 
36 

2 
41 

27 

42 
8 

176 
250 

43 
18 
18 
17 

102 
13 
54 

274 

2 
90 

3 
6 

31 

77 

Depth 
(feet) 

220 
275 
280 

300 

814 
822 
830 

!Jl0 
071 
010 
020 
040 
050 
054 
065 

I, 103 
1, 140 
I, ZOO 
1,240 
1,246 
1, 326 
1,332 

1,40S 
1,456 
1,503 
1, 5l)~1 

:~25 

344 

84 
120 
122 
l{;3 

1\10 

167 
175 
351 
601 

510 
528 
546 
563 
665 
678 
732 

1,006 

1,008 
1,098 
1, 101 
1, 107 
1, 138 

1,215 

73 



Sandstone, g!'ay, seep of watt'!' 

QVATEKN1\HY: 
A lluvluln: 

Sand 35 
l'[,PEH ,1111USSIC, ,\ND JURASSIC AND 

THL\SSIC(? }: 
Sumnlf'l'ville FOl'111ation, Entrada Sandstone, 

and Navajo S'-1Udstollt' undifferentiated: 
S,lI1dy shale, rt'd 25 

Q('YrEl{:'-I,\I{Y: 
·\lluvium: 

Sand, t'ed, soft 16 
('PPEH ,\:'-ID MIDDLE JURASSIC: 

Sumnl(,l'ville FOl'111ation, Entrada Sandstone, 
and' Cal'll1t'l Formation undifferentiated: 

Clay, l't""d, soft 56 
SandHtone, gray, t'ed, soft 8 
Clay, l'pd, soft 25 
Sandstone, gray, about I gpm 5 

QL\TEH:IUHY: 
SUl'ficial dp\wsit s: 

Sui! 2 
I'PPEH TI{LlSSIC: 

Chinle Formation: 
Shale, blue 118 
Sandstone, gray 22 
ShalE', red 3 

Shinal'U111p .1\'lelnbel': 
Sandstone, gray 20 

QI'ATEH:'oUHY: 
Surficial clPPOSitS: 

Top soil 3 
CPPER THUSSIC: 

Chinle Forn1ation: 
Shinarump l\Ieluber: 

Sandy shale, gray 7 

QL'; TERXARY: 
Surficial dl'posits: 

Soil 24 
I'PPER TRIASSIC: 

Chinle Formation: 
Clay and shale, dark-red 16 
Sand and silt, red, pebbles 14 
Sand and conglomerate, coarse 8 
C lay and shale, gray 32 

QI' ,.; TEHXi\ RY: 
SurficiaJ clf'posits: 

Soil 4 
Sand and mud, water 12 
Broken rock and clay 19 
Sand, fine--gl'ained, water 20 
Clay, soft 65 

qCATERXM,Y: 
Surficial dpposits: 

Surface soil 18 
Sand 8 
Clay 4 

qU.~TEHNARY: 
:\ lluvium: 

Shale, brown 15 
Shale, brown 65 
Hock, red, water at 80 feet 5 

467 II 
lOR-Ill 
- - , . 54 1 15 9 15 

Shale, red 
Shale, red 

35 Shale, red 
Sandy shale, red 

60 

10R-118 
54-1. 45-1. 90 

16 

Sand, 
Sand, 
Sand, 

Shale, 
Shale, 
Shale 
Sand, 

red, Navajo 
red, water 
red, water 

red, soft, water lost at 
red, elay and sandstone, 
and sandstone, red, soft 

yellow, red shale, hard 

145 feet 
soft 

Same as above, enough water to drill 
with 

72 JURASSIC AND TRIASSIC(?): 
80 Navajo Sandstone: 

105 Sand, yellow, water, 
110 

10K-236 
70-12.90-3,80 

PERMIAN: 
De Chelly Sandstone: 

2 Sand stone, buff 
Sandstone, yellow 

soft 

Sandstone, medium-red, seep of water 
120 at 405 feet 
142 Sandstone, light-red 
145 

165 

IOT-243 
70-12 65-12.00 

Sandy shale, red 
Conglomerate, gray 

3 PERMIAN: 
De Chelly Sandstone: 

Sandstone, red, seep at 505 feet 

10 

10K-200 
71-3 50-1 85 

24 

Sand, gray, sharp 
Shale, purplish-brown 
Shale, dark-red 
Clay and shale, light- gray 
Mudstone and shale, dark-gray 

40 Mudstone, grayish-black, specks 
54 aragonite 
62 Clay and shale, dark-gray 
94 

IOK-232 
71-2 30-6 85 

Clay and broken rock 
Sand, water 

4 Sand and gravel, 
16 Conglomerate 
35 PERMIAN: 
55 De Chelly Sandstone: 

120 Sandstone 

- -
IOR-3 

712901705 

Sand and gravel, 
UPPER TRIASSIC: 

18 Chinle Formation: 
26 Shale, red 
30 

10R- 58 
71-7.50-15,10 

UPPER TRIASSIC: 
Chinle Formation: 

15 Shale, brown 
80 Shale, red 

coarse, 

water 

water 

85 Shale, green, gray, and brown 

of 

20 SO 
60 140 
10 150 
60 210 
57 267 
28 2f!5 
65 :JfjO 

105 215 
3 218 

17 235 
15 250 

60 310 

50 360 

20 185 
55 240 

170 410 
116 526 

8 18 
22 40 

589 628 

36 130 
14 144 
41 185 
37 222 

9 231 

9 240 
27 267 

35 155 
35 1DO 
17 207 
16 223 

57 280 

8 38 

20 58 

15 100 
10 110 
7 117 

74 



Table 2. --Selected Bnd modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

qt'Yl'Ell~,\llY: 

.. \lluvtull1: 
:\dolH' 
Binw dust 
Sand, watt'I' 

Qt1Yl'EIDj,\I{Y: 
Surficial d~'IHlsits: 

SOlI 
Sand, mud, and watet' 
Clay 

qC.\TEl(:\,\llY: 
.\11uvium: 

:\dub£' 
Bin\\' dust 
Clay. dat'k 

Qt' \TEl(,(,\llY: 
Surficial deposits: 

SUt'fal'l' soil 
Blow dust 
Sand and gl'3vel, water 

WL\T1::H:\,\llY: 
~\ll\lvllHn: 

:\i1uvial fill 
I'PPEll ,\:\D ~IIDDLE JUHI\SSIC: 

Entl'ada Sandstone and Carmel Formation un
clIffe rentiated: 

Shalt-', red, sticky, with gt'een streaks 
Shale, red-gray 

U'PEH TIU,\SSIC: 
(,lunlc Fot'l11ation: 

Shinal'l1l11[J :\I('mber: 
Clay, I'ed 
Sand roc k 
Sand, soft 
Sand, red, XavaJo(?) 
Sand, whit(' 

I'EID[L\:\: 
De (,hL'lly Sandstone: 

,'1and, , red, watc'l' at 500 feet, 1/2 gpm 

I'EIDIL\:\: 
DC' Chelly Sandstone: 

Sandstone, crosshedded 
I'Elnl]'\~ ,\:\[) PE:\,(SYLVI\;\iI,\;\i: 

Supai Formation: 
Shale, red 
Sandstone, coal'se, bl'own, Cl'oHsbedded 
Sandy shale, brown-red, few gray layers 
Sandstone, red- hrown, coarse, cross-

b(·dded 

qc ,\'1'1::J(;\,\ IIY: 
Surficial (]('posits: 

Surface sull 
Sand, mud, and water 
Sand and gravel, water 

QIJATEHNAHY: 
Alluvium: 

Blow dust 
Broken rock 
Shale, red 

20 
35 
25 

8 
47 
31 

50 
35 

9 

22 
50 

8 

40 

160 
20 

10 
50 
45 
40 
10 

45U 

210 

20 
35 

120 

20 

90 
33 

3 

12 
2 

48 

10R-135 
71-13.65-10.65 

20 
55 
80 

Sand and gravel, water 
UPPER TRIASSIC: 

Wingate Sandstone: 
Sandstone, red 

10R-170 
71-4.15-3.65 

8 
55 
86 

Sand, very fine 
Sand, coarse, some gravel, water 

UPPER TRIASSIC: 
Chinle Formation: 

Shale, light 

101{-49 
72-7.50-8.75 

50 
85 
94 

Sand, water 
UPPEH JURASSIC: 

Cow Springs Sandstone: 
Chalk, white, Morrison(?) 

101{- 51 
72-7.45-12.15 

22 
72 
80 

UPPER JURASSIC: 
Cow Springs Sandstone: 

Sandy shale, white 
Shale, red 

Amerada 1 
72-5.85-8.55 

40 

200 
220 

Shale, red with green flecks 
UPPER THIf\SSIC: 

Wingate Sandstone: 
Shale, orange 
Shale, dark-red 
Sandstone, hard shell 
Shale, orange 

10R-24 
90-11.50-0.70 

10 
60 

105 
145 
155 

605 

Sandstone, red 
Sand, red 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Sand and shale, red 
Sandy shale 
Shale 

10GS-UO-l 
:YO-l0.0-7.0 A /. 

Sandy shale, red 
Sandy shale, brown-red, thin gray 

210 layers 
Shale, red, soft 

230 
Sandy shale, alternating red and gray 
Shale, brown, red, and gray 

265 Shale, red, soft 
385 Sandy shale, mottled red and gray 

PREC f\MBRIAN(?): 
405 Granite. red 

IOR-21 
91-13.50-0.75 

UPPER THIASSIC: 
Wingate Sandstone: 

90 Shale, red 
123 
126 

10R-61 
91-8.35-6.90 

Water sand 
UPPEH TRIASSIC: 

12 Chinle Formation: 
14 Shale, red 
62 

- -~.- .. --- ------

45 

28 
4 

44 

12 

91 

10 
35 

30 

50 
30 

5 
125 

70 
40 

20 
13 

9 

35 

185 
40 
55 
30 
10 
45 

21 

47 

29 

Depth 
(reet) 

82 

127 

114 
118 

162 

106 

197 

90 
125 

250 

300 
330 
335 
460 

675 
715 

735 
748 
757 

440 

625 
%5 
720 
750 
760 
805 

826 

173 

63 

92 

75 



C;llI .. \'l'EHN 1\ I{Y: 
'\II11Viull1: 

.. \tiol'" 
Blow tillst 
Clay, bl\1" 
Sand, mlld, and water 

()l' ,\TEIl N .. \ Ill': 
·\lluvium: 

Brokell rock 
l' I'I'EI{ 'l'HI:\SSl\,~: 

Chinl" F'tH'll1ntion: 
Shah'. light 
Shak, yt'llow 
Shale, light 
Shale, red 
Shale, light 
Sandstone, watel', 6 gpm bailer 
Shah', light 
llaJ'd rock 
Shale, white 
Shah', J'ed 
Shale, gray 

QI'Yl'8W\,\IlY: 
:\ lluviutl1: 

Hlu\v sand 
\'PPEH TI{USSIC: 

Chinle F01'111 ation: 
Shale 

Ql' .. \ TEll:\..I I{ Y: 
:\ lluvilllU: 

Illow sand 
l'PPEH THLeSSIC: 

Chinle FOl'111ation: 
Shinarlunp l\Iell1ber: 

Sandstone, light-gray 
Shale, light-red 

Ql':\TERN,\HY: 
SUl'fiC'ial df'posits: 

Soil 
Broken rock 
Hock 

\-PPEH THL~SSIC: 
Chinle Forn1 ation: 

Shale, brown 

l-PPEH ,JUHASSIC: 
:\Iol'l'ison Formation: 

Shale, gray 
Lime, hard, green 
Shale, gray 
Sandstone, mixed 
Shale, white and red 
Sandstone, gray, seep at 54 feet 
Shale, blue 
Sandy shale, gray 
Sandstone, gray, 10 gpm 
Sandstone, gray, coarse, water level 34 

feet 
Sandstone, gray, fine 
Sandstone, gray, coarse, water increased 
Shale, brown 
Sandstone, white, water level 35 feet 
Sandy shale, brown 
Sandstone, gray, 
Sandstone, gray 

QU1\TEIWAHY: 
Alluvium: 

Hiver boulder, 
OPPEH .JU/{ASSIC: 

Morrison Forrnation: 
Shale, red 
Shale, red 
No information 
Sandy shale, red 

hard 

2 
88 
25 
19 

8 

6 
6 

18 
9 

12 
9 

22 
27 
31 
17 
13 

25 

225 

5 

60 
5 

3 
5 

12 

21 

12 
2 

10 
7 

14 
33 
12 
10 

7 

28 
21 
69 
30 
22 
35 
23 
10 

17 

3 
4 

26 
50 

Itm-16 
02-4.30-0.55 

UFPEH JUI{.I\SSIC: 
Cow Springs Sandstone and Entrada Sand-

2 stone undifferentiated: 
Dil Sand, fine 

115 Shale, red 
134 Sandstone, red, Navajo(? ) 

Shale, red 

11Y- 54 
35-12.50-16.65 

Shale, red 
Sandstone, gray 

8 Shale, gray 
Sandstone, gray 
Shale, red 

14 Shale, gray 
20 Shale, red 
38 Sandstone, red, seep of water at 460 
47 feet 
59 Sandstone, red 
68 UPPEH TRIASSIC AND PERMIAN: 
00 Chinle Formation (Shinarump Member) 

117 and De Chelly Sandstone undifferentiated: 
148 Sandstone, gray, water flow J 4 gpm, 
165 no increase below 608 feet 
178 

11K-243 
52-1.80-1. 50 

Sandstone, gray, picked up water at 
265 feet 

25 Sandstone, reddish-gray 
Sandstone, gray 

250 

IIK-249 
52-6.00-4.20 

Shale, light- blue 
Sandstone, gray 

5 PERMIAN: 
De Chelly Sandstone: 

Sandstone, light- gray, water at 350 feet 
Sandstone, light-brown, water level at 

65 265 feet 
70 

llY -58 
52-11. 55-2. 35 

Shale, gray 
Shale, brown 

3 Shale, gray 
8 Shinarump Member: 

20 Sandstone, gray, flow, very weak 
Shale, gray 
Sandstone, white 

41 Sandstone, gray, flow, 7 gpm 

12T-332 
1-11. 90-8.85 

Shale, lense, brown and gray 
Sandstone, red and gray 

12 Shale, red, hard 
14 Sandstone, gray, hard 
24 Sandstone, very hard 
31 Sandstone, hard, gray 
45 Sandstone, gray 
78 Shale, red 
90 Sandstone, red and gray 

100 Sandstone, gray, very hard, 5 feet in 
107 14 hours 

Shale, red 
135 Bluff Sandstone: 
156 Sandstcne, light-brown 
225 Sandstone, light-brown, flow started at 
255 590 feet 
277 Summerville Formation: 
312 Shale, red 
335 
345 

12K-308 
7-10.25-2.55 

17 

20 
24 
50 

100 

Morrison li'orn1ation and Bluff Sandstone 
\lndifferentia ted: 

Sandy shale, light-brown 
Water sand, red, flow I gpll1 

UPPEJ{ AND MIDDLE JUHASSIC: 
Entrada Sandstone and Cal'l11el FOl'lnation 

undifferentiated: 
Shale, red 

2 
4 

20 
53 

77 
40 
II 
If) 
fJO 
10 

7 

28 
38 

252 

131) 
40 
10 

45 
65 

315 

84 

19 
19 
21 

28 
6 

32 
36 

5 
25 
21 

7 
21 
10 

6 
2 

18 

5 
40 

2 

178 

5 

137 
20 

23 

I:lo 
141) 
IfW 
21 :l 

255' 
2fJ5 
300 
325 
415 
425 
4:l2 

400 
4fJ8 

751) 

:l8U 
421) 
4:J1) 

115 
lSI) 

4fJ5 

57fJ 

6U 
7D 

IOU 

128 
t:J.± 
166 
202 

350 
375 
386 
40:3 
424 
4:l-l 
44U 
·H2 
460 

465 
505 

507 

685 

600 

237 
257 

2HlI 

7(\ 



Table 2. --Selected Bnd modified drillers' logs of welle in the Navajo and Hopi Indian Reaervationa, Arizona. New Mexico, and Utah-Continued 

\Vater sand, red, flow 2-1/2 gpm 
Shale, red 
Sandstone, red, salt watel', flow 

1/2 gpm 
Shale, t'cd 
Sand8tone, I'ed, salt water, flow 5 gpm 
Shale, l'!c:,d 
Sandstone, red 
Shale, I'cd 
Sandstone, red, salt water 1-1/2 gpm 

QUATERNARY: 
Alluvium: 

Sand gravel 
UPPER CRETACEOUS: 

Mancos Shale: 
Shale, dark 
Sand, fine, salt water 
SandstonE', hard, gray 
Shale, dark 
Sandstone, light-gray, fine, brittle' 
Shale, dark 
Sandstone, gl'ay, dense, flour-grained 

QUATER:"I.'.RY: 
~\lluvium: 

Sand, gray, Mancos Shale above Tacita 
Sandy shale 

UPPER CRETACEOUS: 
Mancos Shale (upper part): 

Broken lime shells 
Shale, blue 
Shale, gl'a~' 
LiITle shells 
Shale, gray 

QUATERNARY: 
Alluvium: 

Surfac e shale 
UPPER CRETACEOUS: 

Mancos Shale (upper part): 
Rock, blue 
Sand, gray 
Shale, sandy 
Shale, clark' 
Shale, dark 
Lime, blUe 
Shale, dark 
Sand 

Gallup Sandstone; 
Sand, al'tesian water', Tocita 

QUATERNARY: 
Alluvium: 

Clay, yellow, Lewis Shale 
UPPER CRETACEOUS: 

Lewis Shale: 
Shale 
Shale, brown 
Sandy shalf', brown 

UPPER CRETACI';OUS: 
Mancos Shale (upper part): 

Shale, brown 
Shale, yellow 
Shale, blue 

Gallup Sandstone: 
Tocito, water sand 
Sand, hard 
Sand and shale 
Shale, blue 
Water sand 
Sand 

Mancos Shale (lower part); 
Shale, blue 
Shale, brown 
Shale, blue 

UPPER CRETACJ:;OUS: 
Pictured Cliffs Sandstone: 

Sandstone, approximate top of Cliff 
House Sandstone, Mesaverde 

35 
24 

2 
26 
11 

7 
6 

64 
21 

40 

235 
12 

8 
30 

7 
648 

15 

15 
15 

15 
385 

40 
25 
40 

18 

8 
4 

10 
20 
65 

6 
531 

4 

32 

12 

10 
103 

60 

8 
22 

425 

5 
40 
15 

4 
II 
15 

55 
25 

234 

20 

12K-3GB-Cuntinued 
7-10.25-2.55 

315 
330 

341 
367 
378 
385 
31l! 
455 
476 

Shale, red 
.JURASSIC AND TRIASSIC(?), UPPER 

TRIASSIC(?), AND UPPER TRIASSIC: 
Navajo Sandstone, Kayenta Formation, 

and Wingate Sandstone undifferentiated: 
Sandstone, light-red, salt-water flow 

UPPER TRIASSIC: 
WingatE' Sandstone: 

Shale, n:d 
Sa ndstol1P, reel, dry 

12K-30a 
17 -10.6.5-14.85 

40 

275 
287 
285 
325 
332 
DBO 
905 

Shale, hard, black 
Dakota Sandstone: 

Sandy shale, fine, brown 
Sandstone, gray, flour - grained, 

sulphur water 8 feet 
Shale, dark-gray 
Sandstone, water flows, 10 gpm 
Shale and coal 
Sandstone, white, water flows 10 gpm 

UPPER JUHASSIC: 
Morrison Formation: 

Talc and shale 

12H-148 
18-8.25-15.00 

15 
30 

45 
430 
470 
495 
535 

Gallup Sandstone: 
Sandstone, hard, top of Tacita 
Lime shells 
Shells and shale 
Water sand, 35 fpet 
Shale, gray 
Shale, gray 
Shale, gray, sandy 
\Vater sand, light, 31 feet 

Mane as ShGle (lower part): 
Shale, blue 

12K-30~ 

32-11. 25-0. 00 

18 

26 
30 
40 
60 

125 
131 
662 
666 

608 

Mancos Shale Oower part); 
Shale, gray to dark, with few streaks 

of sand and sandy shale 
Dakota Sandstone: . 

Sand 
Sand, artesian watl'l', first Dakota 
Shale, dark 
Sand, small amount of water 
Shale, dark 
Shale, ver~; hond 
Sand 
Su.nd, artesian water, second Dakota(?) 

12R-81 
32-7.10-15.45 

12 

22 
125 
185 

Shale, brown 
Cliff House Sandstone: 

Sandy shale, brown 
Sand, hard, gray, fresh water, top of 

Cliff lIouse, Mesaverde 
\Vater sand 

Menefee Formation: 
Shale, blue 

12K-31D 
33-3.30-5.85 

Shale, hal'd 
Shale, blue 

8 Shale, hard 
3D Lime 

455 Shale, blue 
Dakota Sandstone: 

460 Sand 
500 Sand and shale 
515 Sand 
519 Sandy shale 
530 Sand, water 
545 Sand 

UPPER .JURASSIC: 
600 Morrison Formation: 
625 Shale, green 
859 

12M-49 
49-6.75-15.55 

20 

Shale, gray 
Gumbo 
Shale, brown 
Lime 

33 

639 

15 

20 

8 
64 
20 
38 
8 

32 

5 
15 
15 
35 
15 
;]0 

12 
31 

804 

50 
20 
10 
20 
10 
12 
8 

315 

55 

110 

5 
373 

18 
10 
65 

5 
15 
20 
25 
25 
34 

28 

15 
20 
50 

5 

Depth 
(feet; 

500 

I, 148 

1, 154 
1, 163 

1,010 

1,030 

1,038 
1, 102 
I, 122 
I, 160 
1,168 

1,200 

540 
555 
570 
605 
620 
650 
662 
693 

695 

I, 502 

1,510 
1,560 
1,580 
1,5)10 
1,610 
1,620 
1,632 
1,640 

500 

555 

560 
670 

675 

864 
1,237 
1,255 
1,265 
I, 330 

1,335 
1,350 
1,370 
I, 3115 
1,420 
1,454 

1,~82 

170 
190 
240 
2~5 

77 



Shale, black 
Shale, black 
Water sand, gray, filled hole 3 feet per 

hour 
Lewis Shale: 

Shale, gray 
Shale, gray 
Shale, gray 
Gumbo 

llPPEI{ CHETACEOUS: 
Pictured Cliffs Sandstone: 

Sand, white, top of Cliff HO\lse 
Sand, bl'own 
Sand 
Sandy shale 
Sand and shale 
Sandy shale, brown 
Watel' sand, gray 

QUilTEllNt\HY: 
SUl'ficial dpposits: 

Soil 
lTPPEI{ CllETACEOlTS: 

l\Ienefee FOl'111ation: 
Shale, gray 
Sand 
Shale, brown 
Shale, gray 
Sand, water, rose to 20 feet 
Shale 
Sand 
Shale 
Sand, water, rose to 35 feet 
Shale 
Sand, water, rose to 30 feet 
Shale 
Sand 
Shale, gray 
Shale, brown 

QlL~TEl{NAHY: 

Surficial rleposits: 
Sandy soil 

UPPER CRETACEOUS: 
Kirtland Shale: 

Sandy shale, bl ue 
Sand, gray, seep of water, stands at 130 

feet from top 
Shale, blue 

QUATERl\;ARY: 
Surficial deposits: 

Alluvium 
Sand and gravel 
Sand, soft 

UPPER CRETACEOUS: 
Cliff House Sandstone: 

Sandstone, approximate top of Cliff House, 
:Vlesaverde Group 

Shale 
Lin18 
Sand rock 

:vIenefee Formation: 
Shale 
Lime 
GU111bo 
Sandy shale 
Gumbo 
Lime 

UPPER CRETACEOUS: 
Menefee Formation: 

Shale, light-gray 
Shale, dark-gray 
Shale, light-gray 
Shale, dark-gray 
Shale, light-gray 
Shale, black, carbonaceous 
Shale, light- gray 

15 
8 

2 

25 
30 
40 
15 

40 
15 
55 

5 
45 
45 
30 

3 

12 
5 

10 
2 
8 
8 
4 

15 
13 
65 
35 
10 

5 
35 

5 

70 

80 

2 
13 

15 
10 
10 

20 
10 

5 
15 

40 
4 

31 
20 
25 

5 

12 
113 

75 
25 
55 
20 
40 

35 
43 

Shale 
Cliff House Sandstone: 

45 
Water sand, coarse, gray 
Coal 

70 
100 
140 
155 

Gumbo 
Sandy shale, gray 

Menefee Formation: 
Gumbo 

12R-242 
49-7.75-5.80 

Lewis Shale: 
Coal 

40 Shale 
55 Sandy shale 

110 Cliff House Sandstone: 
115 Sand, gray, water 
160 Sand, gray, water 
205 Menefee Formation: 
235 Shale, blue 

12R-125 
67-11. 55-4. 50 

Shale 
Sand 

3 Shale 
Sand 
Shale 

15 Sand 
20 Sand, coarse 
30 Shale 
32 Sand 
40 Shale, brown 
48 Sand 
52 Shale, brown 
67 Shale, gray 
80 Shale, brown 

145 Sand 
180 Share, brown 
190 Sand, Tacita sand, 
195 1-1/2 gpm 
230 Shale, gray 
235 

13R-10fJ 
"I 31-2 55-9 35 

Water sand 
Shale, blue 

70 Sandstone, gas 

good water, 

Sandstone, seep, water salty 

150 

152 
165 

13'1'- 211 
31-5.20-1. 85 

Shale, blue 
Sandstone, water salty 
Shale, blue 
Sandstone, water very salty 
Shale 

UPPER CRETACEOUS: 
Kirtland Shale: 

15 Sand, hard 
25 Sandy shale, 
35 

13R- 59 
66-13.70-2.65 

gray 

flow 

Sand, gray, tight, 1 bailer per hour 
Sandy shale 
Gumbo 

20 Shale, brown 
30 Lime 
35 Lime 
50 Water sand, gray, coarse, water rose 

75 feet in 15 minutes 
90 Shale, brown 
94 Gumbo 

125 Gumbo 
145 Shale, brown 
170 Gumbo 
175 

14N-85 
67-8,00-10.25 

12 
125 
200 
225 
280 
300 
340 

~hal~, dark-gray 
Sand, light-gray, water 2-1/2 gpm 
Shale, gray 
Sand, dark-gray, fine, water flows 15 

gpm 
Shale, gray 
Sand, light-gray, fine, water, no in

crease 
Shale, gray and streaks of sand 

15 

5 
5 

15 
5 

2D 

:J 
12 
21J 

4D 
50 

2 

105 
10 
10 
12 
4 

14 
2 

108 
10 
15 
2 

16 
3 
6 

32 
18 

22 
36 

21 
71 
18 

9 
56 
28 
22 
12 
38 

10 
20 

12 
13 
10 
26 

4 
1 

16 
8 
7 
8 

10 
14 

D6 
D 

88 

37 
54 

51 
115 

260 

265 
270 
285 
2!JU 

:l1D 

2:J8 
250 
271) 

811) 
:lGO 

:Jfj2 

:J40 
350 
:J60 
:J72 
37(j 
:J!JO 
:J!J2 
500 
510 
525 
527 
548 
54(3 
552 
584 
602 

624 
GBI) 

186 
257 
275 
284 
34D 
368 
3DO 
402 
440 

45 
65 

187 
200 
210 
236 
240 
241 

:2 57 
265 
272 
280 
2~fO 

304 

436 
445 
533 

570 
624 

G75 
7nO 

7d 



Table 2. --Selected and modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Sand, light-gray 95 
Sand, dark-gray, fine, small increase 

in water 15 

QUATERNARY: 
Surficial deposits: 

Surface soil 4 
UPPER CRET1\CEOUS: 

Point Lookout Sandstone: 
Sand, brown, soft 86 
Sand, gray 40 
Sand, light- gray, water 1 gpm 5 
Shale, blue 40 

QU,-\TEHNAHY: 
.Alluvium: 

Surface 45 
CPPEH CRETACEOUS: 
~Ienefee Formation: 

Shale, gray 2 
Sand, brown 23 
Sandy shale 4 
\Vater sand 5 
Sandy shale 13 
Shale, sticky 12 
Water sand, bailer test 140 gpm 8 
Coal with shell 2 
Water sand 18 
Shell 6 
Sand shell 10 
Sand 7 
Shale, dark 13 
Shell, gray 6 
Hard shell 4 
Sandy shale 37 

Point Lookout Sandstone: 
Shale, gray 3 
Sand 5 

QUATEHCi.-\RY(?): 
:\lluvium: 

Sand and clay 80 
UPPER CRETACEOUS: 

::\lenefee Formation: 
Sand, fine 22 
Shale 2 
Clay, blue, tough 8 
Shale, shallow rock layers 62 
Sandstone, light-gray, hard 12 
Shale and slate 6 
Sandstone, light- gray, hard 33 
Shale 9 
Sandstone 2 
Shale 6 
Slate, hard 8 
Sandstone 12 
Shale 23 

Point Lookout Sandstone{?): 
Sandstone, extra hard 3 
Sand rock, loose 10 
Coal, water raised to 28 feet from surface 1 

Crevasse Canyon Formation: 
Shale, tough and sticky 33 
Shale 8 
Sandstone 2 
Slate, very hard 14 
Sandstone I 
Shale 41 
Sandstone, water raised to 20 feet from 

surface 4 
Shale 20 
Shale, sandstone, and coal 4 
Gallup fire clay 20 
Rock, dirt, very hard, carrying mineral 8 

QUATEHNAHY: 
Alluvium: 

Clay 10 
Sand rock 2 
Clay 2 
Rock 2 

UPPER CHETACEOUS: 
Menefee Formation: 

Fire clay 2 
Hock, hard, dark 4 
Fire clay 6 

14N-85-Continued 
67-8.00-10.25 

885 Shale, gray 
Point Lookout Sandstone{?): 

900 Sandstone(?), increase to 30 gpm{?) 

14A -81 
86-12.95-15.30 

Shale, hard 
Sandy shale, gray 

4 Sand, water increased to 5 gpm 
Sandy shale, gr ay 

90 Mancos Shale: 

130 Shale, black 
135 Shale, gray 
175 

14K-302 
87-6.50-15.40 

Coal 
Shale, brown 

45 Shale, gray 
Sand, coarse, hard 
Sand 

47 Shale, gray 
70 Coal 
74 Sand, hard, water raised 
79 Crevasse Canyon Formation: 
92 Shale, gray 

104 Coal and gravel, water flowing 1-1/2 
112 gpm 
114 Shale, gray 
132 Hard shell 
138 Shale, black 
148 Shale, gray 
155 Coal 
168 Shale, brown 
174 Shale, black 
178 Water sand 
215 Coal 

Sand, hard, water 
218 Shale, brown 
223 

141VI-1 
87-10.75-15.55 

Sandstone, light- gray 
Fire clay 

80 Sandstone, light- gray 
Sandstone, dark-brown 
Fire clay 

102 Sandstone, light- gray 
104 Fire clay 
112 Sandstone, light- gray 
174 Fire clay 
186 Sandstone, thin coal layer 
192 Fire clay 
225 Sandstone, light-gray, water over casin 
234 90 gph 
236 Coal 
242 Sandstone, light- gray 
250 Fire clay 
262 Rock, dark, close-grained, hard 
285 Fire clay 

Shale 
288 

Gallup Sandstone(?): V 298 
299 Sand rock, close-grained, hard 

332 
Fire clay, very tough and sticky 
Sand rock, close-grained, very hard 

340 Sand rock, light-yellow, water flows 
342 300 gph 
356 Sand rock, light- gray 
357 Sand rock, light-yellow, water flows 
398 2,500 gph 

Sand rock, light-gray, well flows 
402 6,000 gph 
422 Mancos Shale: 
426 Shale 
446 
454 

141VI-26 
87-0.65-7.95 

Sand rock, water 
Fire clay 

10 Sand rock, close~grained 
12 Fire clay 
14 Sand rock, more flow 
16 Fire clay 

Shale 
Rock, dark 

18 Shale 
22 Sand rock, water 
28 Fire Clay 

100 

:lU 

1 
6D 
20 

110 

Q 
11 

2 
10 
15 
13 
4 

II 
1 
2 

7 

2 
3 
3 
5 

17 
5 
7 

20 
6 
7 
7 
4 

166 
2 

62 
18 
20 
20 
II 
21 
26 
16 
90 

37 
3 
3 
6 
9 

24 
13 

17 
17 
15 

8 
24 

12 

14 

42 

4 
12 
30 

233 
2 

80 
2 
3 
3 
2 

18 

Depth 
(leet) 

1,000 

1,030 

176 
245 
265 
375 

'l84 
3fJ5 

225 
235 
250 
263 
207 
278 
27U 
281 

288 

2UO 
293 
296 
'l01 
318 
323 
'l30 
350 
356 
31i3 
370 
374 

620 
622 
684 
702 
722 
7--12 
75:3 
774 
800 
816 
flO6 

P43 
P-16 
0-18 
~155 

D64 
988 

1,001 

1,018 
1,0:35 
1, 1150 

1,1158 
1.082 

1.0D4 

1. 108 

1, 150 

140 
152 
182 
415 
417 
497 
49~) 

502 
505 
507 
525 

79 



Sand rock 
Coal 
Sand rock 
Fire clay 

QUATEHNAHY: 
f\11uvitlln: 

Top shale 
Sand, l~avey 

l1PPEH CI{ETACEOUS: 
Menefee Formation: 

Shale 
Water sand, water "aised to 100 feet of 

top, test 30 minutes 96 gailons 
Shall' 
Water sand, water "aised to 75 feet of top 
Shale 
Water sand, water raised to 60 feet of top 

(~ll,\TEHN 1\ HY: 
Alluvhun: 

Sand and gravel 
l' PPE K C I,ET A CEOllS: 
~Iel1efee FOl'll1ation: 

Shale, blue 
Shale, gray 
Shale, brown 
Sandy shale, .brown 
Sand, water 
Shale, brown 
Sandy shale, brown 
Sand, water, 5 bailers per hour 
Shale, blue 
Sand, water 
Shale, blue 
Sand, watel', raises within 300 feet of 

surface 
Sandy. shale, hard 
Shale, brown 
Sandy shale, hard 
Sand, water 
Sand, white 
Sandy shale, gray 
Shale, brown 
Sandy shale, gray 
Sand, water 
Shale, brown 
Sandy shale, hard 
Sandy shale, gray 
Sand, water 
Shale, blue 
Shale, brown 
Shale, gray 
Shale, brown, hard 
Sand, hard 
Sand, water 
Shale", brown 
Shale, gray 
Sandy shale, gray 
Shale, brown 
Shale, gray 
Shale, hard 

Qt:ATERNAHY: 
,\lluvium: 

,\lluvial fill 
CPPER CRETACEOUS: 

:'Ilenefee Formation: 
Sandstone, hard in upper part, water at 

UPPER CKET ACEOUS: 
Menefee Formation and Crevasse Canyon 

Formation undifferentiated: 
Shale, yellow 
Sand, yellow 
Shale, yellow 
Sandy shale, gray 
Shale, gray 
Sandy shale, gray 
Sand, gray 
Shale, gray 
Sand, gray 
Shale, brown 
Sand, gray, water 1/2 gpm 
Shale, blue 
Shale, gray 
Sand, gray, water 18 gpm 

2 
2 
2 

102 

10 
60 

130 

20 
100 

20 
45 
20 

34 

76 
15 

109 
81 

4 
26 
50 

5 
138 

12 
20 

25 
5 

25 
5 

30 
25 
10 
25 
10 
25 

3 
7 

44 
12 

3 
13 

7 
4 
6 

16 
10 
20 
12 
18 
40 

1 

48 

6 
6 

34 
35 

9 
10 
34 

8 
5 
4 
5 

19 
46 
23 

30 Sand rock, more flow 
32 Fire clay 
34 Shale 

136 

14N-95 
87c8. 05-3.15 

Shale 
Sandy shale, brown 

10 Water sand, water raised to 80 feet of 
70 top 

Shale 
Shale, blue 

200 Shale, gray 
Coal 

220 Shale 
320 " Coal 
340 Water sand, water flows 2 gpm 
385 Sand 
405 Shale 

14K-301 
88-0.90-9.90 

Shale, gray 
Shale, gray, soft 

34 Sandy shale, gray 
Shale, blue 
Shale, hard 

110 Shale, blue 
125 Shale, brown 
234 Shale, gray 
315 Shale, blue 
319 Shale, brown 
345 Shale, light-gray 
395 Shale, gray 
400 Sand, water 
538 Sandy shale, gray 
550 Shale, brown 
570 Sand, water 

Coal 
595 Shale, brown 
600 Point Lookout Sandstone: 
625 Sand, water, raised within 240 feet of 
630 surface, tested 63 gpm 
660 Sandy shale, gray 
685 Sand, water 
695 Crevasse Canyon Forznation: 
720 Shale, brown 
730 Sand, water 
755 Sandy shale, gray 
758 Sand, water 
765 Shale, .hard 
809 Sand, water 
821 Shale, hard 
824 Sandy shale, gray 
837 Sand 
844. Sandy shale, gray 
848 Sand, water 
854 Shale, gray 
870 Sand, water 
880 Shale, brown 
900 Coal 
912 Sand, water 
930 Shale, gray 
970 Coal 
971 Shale, brown 

14K-303 
88-4.40-14.55 

54 feet 
Clay 

48 

14K-300 
107-1.45-2.90 

Shale, brown 
Shale, gray, a little sandy 
Shale, gray 

6 Sand, gray, water 
12 Shale, gray 
46 Shale, brown 
81 Sandy shale, light- gray 
90 Sand, gray, water 

100 Shale, gray 
134 Sand, gray 
142 Shale, brown 
147 Shale, gray 
151 Hard shell 
156 Sandy shale, gray 
175 Coal 
221 Shale, gray 
244 Sand, gray 

14 

I 
53fl 

4 543 
12 555 

65 470 
185 B55 

35 uflO 
50 740 
70 BI0 
45 855 
10 B65 

138 1,0O:l 
12 I J (J 15 
:30 1,045 
37 I,OB2 

103 1, 185 

60 1,040 
15 1,055 

!J 1,064 
6 1,070 
2 1,072 

13 I,OB5 
35 1, 120 

5 1, 125 
10 1, 135 

5 I, 140 
15 1, 155 
35 I, lUI) 

6 1, UI6 
44 1,240 
23 1,26:3 

1 1,264 
6 1,270 
5 1,275 

79 1,354 
62 1,416 
39 1,455 

11 1,466 
6 1,472 

20 1,4D2 
38 1.530 

4 1,534 
6 1,540 
2 1,542 
8 1,550 
6 1,556 

54 1,610 
14 1,624 
41 1, 665 
20 1,685 
10 1,605 
5 1,700 
8 1,708 
7 1,715 
3 1,718 

72 1,780 

9 57 
7 64 

28 272 
4 276 

12 288 
4 292 
6 298 

20 318 
41 359 

D 368 
30 398 

2 400 
8 40S 

53 461 
1 462 

13 475 
3 478 

45 52~~ 

2 525 

dO 



Table 2. --Selected and modll!ed drlllera' 10,,8 ot wells in the Navajo and Hop! Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Shale. gray 
Hard shell 
Shale, brown 
Hard shell, gray 
Shale, gray 
Shell 
Shale, gray 
Shale J brown 
Shale, gray 
Sand, gray, water, 3 bailers per hour 
Shale, gray 
Sand, gray 
Hard shell 
Sand, gray, hard 
Shale, dark-brown 
Shale, gray 
Hard shell 
Shale, brown 
Shale, gray 
Shale, brown 
Shale, gray 
Sandy shale J gray 
Sand, gray, water 18 gpm 
Sandy shale, gray 
Shale, gray 
Sand 
Shale, gray 

UP!'EI, CH.ETACEOUS: 
Pietured Cliffs Sandstone: 

Sand, yellow 
Sand, yellow 

Lewis Shale: 
Shale, brown 
Shale, brown 
Shale, blue 
Shale J blue 
Shale, blue 
Shale, blue 

QUI\ TEI,NA HY: 
Surficial dl'posits: 

Surface soil 
UPPEH CRET;\CEOUS: 

Menefee F'ol'mation: 
Shale, brown 
Shale, blue 
Shale J brown 
Shale, gray, muddy 
Sandy shale, gray 
Dry sand 
Shale, gray 
Shale, light 
Sandy shell 
Shale, gray 
Sandy shale, showing of water 
Shale, gray 
Water sand, white 
Shale, dark 
Shale, brown 
Shale, gray 
Hard shell 
Shale, brown 
Shale, gray 
Shale, brown, with shell 
Shale, brown 
Sand, hard, bailer test showing 40 gpm 
Shale, gray 
Hard shell 
Shale, gray 
Shale, brown 

QUi\TEHNi\HY: 
Alluvium: 

Clay and rock 
UPPEH CHETACEOUS: 

Menefee Formation: 
Shale, black 
Hard rock 
Sandstone, soft, water 
Shale, brown 
Sandstone, gray, water raised to 56 feet 
Shale, brown 
Hard rock 
Shale, black 

31 
1 
2 
5 

33 
3 

25 
4 

33 
9 

32 
6 
2 

19 
7 

59 
1 
4 

25 
1 

75 
20 

8 
12 
22 

3 
18 

15 
5 

10 
30 
40 
40 
50 
20 

14 

41 
5 
2 

58 
14 
3 

28 
0 
2 

24 
8 

56 
6 

70 
10 
12 

3 
5 

65 
15 
B 
B 

19 
2 

18 
20 

10 

76 
4 
4 

50 
31 

5 
2 

40 

14K- 30U-Continued 
lU7-1. 45-2. DU 

556 Shale, brown 
557 Shale, gt'ay 
55D Shale, brown 
564 Shale, gray 
597 Shell 
600 Shale, gray 
625 Sandy shale, light-gray 
629 Sand, gray, hard 
662 Shale, dark-gray with Htreaks of coal 
671 Shale, gray 
703 Shale, brown 
709 Sand, hard 
711 Shale, brown 
730 Shale, gray 
737 Sand, hard 
796 Sandy shale, gray 
797 Sandy shale, brown 
801 Shale, light- gray, lime( '?) 
826 Sandy shale, gray 
827 
902 Gallup SandstonE:': 

922 Sand, gray, water 
930 Shale, gray 
942 Sand, watel' 14 gpm 
964 Shale, gray 
967 No information 
985 

15B-24 
65-8.35-4.70 

15 
20 

30 
60 

100 
14U 
190 
210 

Shale, blue 
Cliff House Sandstolle: 

Sand, gray 
Sandy shale, gt'ay 
Sandy shalE', gray 
Sand, 2 bailers pel' hour 
Shale, blue 
Sand, water, more water at 3UO feet 
Sand, water, more water 

Menefee Formation: 
Shale, blue, hard 

15K-302 
65-8.70-11.10 

14 

55 
60 
62 

120 
134 
137 
165 
174 
176 
200 
208 
264 
270 
340 
350 
362 
365 
370 
435 
450 
458 
466 
485 
487 
505 
525 

Water sand 
Shale, light 
Water sand 
Shale, gl'ay 
Sand 
Shale, brown 
Sand 
Shale, gray 
Shale, dark 
Sand 
Water sand 
Shale, gray 
Hard shell 
Shale, gray 
Shale, brown 
Shale, gray 
Sandy shell, hard 
Sand, hard 
Shale, gray 
Shale, gray, stieky 
Shale, gray 
Water sand 
Shale, gray 
Shale, light 
Shale, gray 
Water sand, dark-gray 
Sand, hard, brown 
Shale, gray 
Sand 
Sand shell, hat'd 
Shale, gray 

15A-IS 
66-6.35-12.20 

Hard rock 
Shale, black 

10 Sandstone, gray 
Shale, blue 
Sandstone, gray, water, flow 

86 Shale, blue 
90 Sandstone, gray, water, flow 
94 Shale, brown 

144 Sandstone, gray, water, flow 
175 Shale, brown 
180 Sandstone, gray, water, flow 
182 Shale, blue 
222 

15 
16 
22 
16 
4 

23 
7 
2 

34 
26 
26 

3 
5:3 
25 

:3 
26 
27 
II 
26 

33 
44 
21 
4fJ 
53 

30 

20 
65 
25 
25 
10 
fi5 
Z() 

30 

8 
I~ 

13 
8 

22 
4 

II 
35 

5 
12 

5 
III 
3 

13 
3 

27 

27 
5 

42 
2:l 

3 

2 
17 

67 
3 
I 

:n 

3 
85 

5 
35 
2ll 
28 

8 
20 
5n 
23 

8 
25 

Depth 
(teeti 

I, DUO 
I,Oln 
I, U:lS 
1,054 
I,05B 
I, OS I 
I,OBS 
I,O!)O 

I, 124 
1, 150 
I, 176 
I, 179 
1,232 
1,257 
1, Z60 
1,2S6 
1,313 
1,324 
1,350 

1,3S3 
1,427 
1.448 
1,4!17 
1, 5S() 

240 

2GO 
323 
:350 
375 
383 
45(1 
470 

SOl) 

5:3:3 
347 
5Utl 
5BB 
5~lO 

5~q 

{ill5 
G40 
(AS 
{)37 
G(l2 
liB I 
lHI~ 
(ll17 
7011 
727 
72!1 
7:~ :~ 
7 (-itl 
7115 
H07 
H311 
1I33 
83[; 
8:18 
855 
H6ll 
ll27 
H~Hl 

!131 
!1(}2 

225 
3 III 
:n5 
:~50 

:17ll 
3H8 
40{) 
435 
4i14 
517 
525 
550 

---

SI 



QUATERNARY: 
Alluvium: 

Alluvial earth 80 
UPPER CRETACEOUS: 

Menefee Formation: 
Sandstone, white, pumping water 160 
liard shell 5 
Shale, clay 230 

Point Lookout Sandstone: 
Sandstone, gray, water flows 50 
Hard shell 10 
SandstollE', hard, gray 49 
Shale 50 
Sandstone, white, water 18 
Blackjack and coal 11 
Sandstone, white 37 
Fire clay, blue 23 
Sandstone, white, water flowed more 61 

lIPPEI{ CHETiiCEOUS: 
1\Ienefce FOl'lnatioll: 

Sandstone 20 
Shale, blue 103 
Sandstone, seep of water 10 
Shale, blue 67 
Water sand, 80 gph 10 
Shale. 25 
Water sand, 50 gpm 17 
Shale 38 
Sandy shale 15 
Shale 70 
Sandy shale 65 
Shale 58 
Sandy shale 14 
Shale, set casing 8-5/8 wide at 543 feet 

10 inches 31 
Slate and shale 62 

UPPER CRETACEOUS: 
Crevasse Canyon Formation: 

Clay 6 
Coal 3 
Shale, black 41 
Sandstone, gray, water raised to 45 feet 32 
Sandstone, hard 2 
Sandstone, gray, water, no raise above 

45 feet 34 
Shale, black 12 
Sandstone, gray, water, no raise above 

45 feet 106 
Shale, blue 324 

QUATERNARY: 
Surficial deposit s: 

Surface soil 10 
UPPER CRETACEOUS: 

Crevasse Canyon Formation: 
Sandy shale, yellow 60 
Shale, blue 64 
Sand, gray 10 
Shale, gray 271 

Crevasse Canyon Forn1ation and Gallup 
Sandstone undifferentiated: 

Sand, gray, water at 418 feet at 16 gpm 14 
Shale, gray 2 
Sand, gray, more water at 436 feet 5 
Shale, gray 3 
Shale, gray, more water at 442 feet 3 
Shale, gray 13 
Shale, brown 9 

QUATERNARY: 
Alluvium: 

Sandy 75 
Clay, blue 43 
Sandy mud, yellow 22 
Gravel 10 

UPPER CRETACEOUS: 
Cr~vasse Canyon Formation: 

Clay, blue 2 
Saniistone, soft 8 
Fire clay 10 
Coal 2 
Fire clay 43 

15B-10 
86-0.60c14.35 

Hard shell 
Sandstone, white, water 

80 Crevasse Canyon Formation: 
Shale, dark 
Shale, blue 

240 Shale 
245 Sandstone, gray 
475 Shale, sandy 

Sandstone, gray 
525 Shale 
535 Sandstone, white, water increased, 
584 best flow 
634 Hard shell 
652 Sandstone, hard, gray 
663 Sandstone, white, water increases 
700 Shale, brown, hard 
723 Shale and clay, small show of oil and 
784 

15B-26 
86-6.65-2.50 

gas 
No information 

Water sand 
Slate 

20 Sand, water raised to 35 feet from top 
123 Shale 
133 Water sand, water raised to 15 feet of 
200 top 
210 Shale 
235 Sandstone 
252 Shale 
290 Sand 
305 Hard shell 
375 Sand, water raised to 10 feet from top 
440 Shale 
498 Coal 
512 Shale, 848 feet of 6- 5/ 8-inch casing 

Sand, water, 
543 Shale 
605 Lime shell, 

Shale, 

15B-6B 
104-11. 70-2. 60 

cavey 

1 quart per minute 

hard 

Sandstone, gray, water, raised to 2 feet 
Shale, brown 

6 Sandstone and shale, 
9 Shale, brown 

50 Sandstone, dirty 
82 Shale and sandstone 
84 Sandstone, gray 

Mancos Shale: 
118 Shale, blue 
130 Sandstone, gray 

Shale, blue 
236 Layers of sandstone 
560 

15B- 35 
104-1.5-6.4 A 

Shale, gray 
Sand, gray 

10 Shale, black 
Sand, gray 
Shale, black 

70 Sand, gray 
134 Shale, black 
144 Sand, gray 
415 Shale, brown 

gray, water, 

and shale 

Sand, gray, more water 555 feet, 
to 50 feet from top 

. Shale, black 
429 Shale, gray 
431 Sand, white 
436 Shale, black 
439 Sand, gray 
442 Shale, blue 
455 Sand, gray 
464 Shale, blue 

Santa Fe 1 
107-0.30-15.30 

Sandstone, gray 
Fire clay 

75 Sandstone, white 
118 Fire clay 
140 Sandstone, white 
150 Fire clay 

Sandstone, white 
Fire clay 

152 Sandstone, white 
160 Fire clay 
170 Sandstone, white 
172 Fire clay 
215 Diamond coal vein 

flow 

raised 

21 B05 
40 B45 

60 fJ05 
65 no 
:lO 1,000 
:50 1,0:lO 
20 1,050 
42 1,0!)2 
28 I, 120 

80 I, ZOO 
10 1,210 

110 1, :l20 
80 1,400 

120 1,520 

15 1,5:15 
5 1,540 

5 fJIO 
8 GI8 

17 fi35 
60 GfJ5 

20 715 
45 7fJIJ 
10 771J 
25 7f)5 
15 8l!J 

2 812 
8 H21J 

20 841J 
2 842 
8 800 

40 S!!IJ 
60 fJ5U 

5 !J55 
17 !J72 

45 605 
82 687 
53 741J 

5 745 
20 765 
II 776 
50 835 

205 1,040 
2 1,042 

58 1,1UO 
96 I, 186 

24 488 
10 4i18 

5 503 
2 505 

28 533 
4 537 
6 543 
5 548 
5 553 

2 535 
9 564 

II 575 
51 626 

7 633 
5 638 

24 662 
13 675 
40 715 

10 225 
50 275 
25 31111 
75 375 
20 ~H)5 

85 48ll 
35 515 
45 5Gll 
25 SA5 

120 705 
20 7~5 

80 805 
7 812 

82 



Table 2, --Selected and modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and utah-Continued 

Fire clay 
Sandstone, white 
Fire clay 
Sandstone. white 

Gallup Sandstone: 
Silty sandstone 
Fire clay 
Shale J blae k 
Fire clay 
Sandstone, Mesaverde 
Sandstone, white, fine-grained 
Boulders, hard 
Sandstone, white, carrying water 

Mane os Shale: 
Shale 

- ------_ ... _.-

UATERNARY: 
Alluviunl: 

Surface sand 
PPER TRIASSIC: 
Chinle Formation: 

Sand, hard 
Shale, purple 
Sand, dark-gray 
Shale, dark-blue 
Shale, gray 
Shale, red 
Shale, purple 
Lime, gray 
Shale, purple 
Lin1e, gray 
Shale, green 
Water sand, gray 
Sandy shale, gray 
Sand, gray, no water 
Sandy shale, gray 
Sand, gray 
Shale, gray 
Shale, red 
Shale, gray 
Shale, purple 
Shale, red 
Shale, brown 
Shale, gray 
Lime shell 
Shale, red, conglomerate of hard 

substance 
Sandy lime 
Sand, gray 
Water sand, very little water 
Shale, red 
Shale, red, lime shells 
Shale, gray 
Sand, gray, hard 

M IDDLE(?) AND LOWER TRIASSIC: 
Vloenkopi Formation: 

Lime shell, gray 
Lime, gray 
Water sand 
Sandy shale, brown 
Shale, red 
Sand, gray 

P ~RMIAN: 
,an Andres Limestone: 

Lime, gray 
::ilorieta Sandstone: 

Sand, white, water, 1 bailer per hour 
Sand, white, hard 

Q UATERNARY: 
Alluvium: 

Sand 
Clay 
Sand and gravel 
Sandy clay 
Gravel with petrified wood 

U PPER TRIASSIC: 
Chinle Formation: 

Shale, blue, hard 

QUATERNARY: 
Surficial deposits: 

Soil, clay 
UPPER CRETACEOUS: 

Crevasse Canyon Formation: 
Sandstone, limy 
Shale, gray 

13 
15 

125 
35 

60 
35 

5 
2 

98 
65 

5 
80 

90 
'----

2 
7 
6 
7 

11 
3 

10 
36 
22 

2 
2 

10 
23 
27 
14 
25 
17 
14 
26 
30 
17 

8 
27 

3 

26 
15 

7 
4 

33 
32 
40 
15 

21 
22 

5 
5 

28 
11 

48 

7 
4 

10 
35 
10 
20 

1 

16 

6 
60 

Santa Fe I-Continued 
107-0,30-15,30 

825 Sandstone 
840 Shale 
965 Shell bed 

1,000 UPPEl{ AND LOWEl{ CHETACEOUS: 
Dakota Sandstone: 

1,060 Sandstone 
I, 095 Dry hole, Mancos Shale 
I, 100 Sandstone 
1, 102 UPPER ,JURASSIC: 
1,200 Morrison Formation and Cow Springs 
1, 265 Sandstone undifferentiated: 
1,270 Sandstone. white 
1, 350 Sandstone. pink 

Clay, red 
1,440 

Baca Day School 
120 

Sand, hard. gray 
Sand. white 
Shale, gray 
Sand, white 

Yeso and Abo Formations undifferentiated: 
8 Shale, gray 

15 Sand, red 
21 Sand, red streaks of shale 
28 Sandy shale, red 
39 Sand, red 
42 Shale, red 
52 Sand, red, water 
88 Shale, red 

110 Clay, red, stie ky 
112 Shale, red 
114 Sandy shale, red 
124 Lime shell 
147 Sand, gray 
174 Lime, gray 
188 Shale, blue 
213 Sandy, gray 
230 Sandy shale, gray 
244 Sand, gray 
270 Sandy shale, red 
300 Sandstone, red 
317 Lime, dark-gray 
325 Lime, blae k, ha I'd 
352 Sandy lime, gray 
355 Sandy shale, red 

Lime, dark-gray 
381 Sandy shale, red 
396 Shale, red 
403 Sandy shale, red, 19 feet of this water 
407 Sand, red, water 
440 Sandy shale, red 
472 Shale, red 
512 Sandy shale, red 
,527 Sandstone, red 

Sandy shale, red 
Shale, red 

548 Sandy shale, red 
570 Sand, hard, iron pyrite 
575 Sandy shale, l'ed 
580 Hard shell 
608 Shale, red 
619 lIard shell 

Shale, red 
Sand, red 

667 Shale, red, 
Sandy shale, red 

674 Sand, red 
678 Shale, l'ed 

ATSF Guam 
121-6,5-1. 8 A 

Sandstone, white, soft 
Shale, red 

10 Sandstone, red, hard 
45 Shale, red 
55 Sandstone, artesian water, flow 12 gpn1 
75 Sandstone, gray, water flowing 
76 Shale, blue, hard 

Shale, soft 
Sandstone, red, hard 

92 Shale, red, hard 

16K-338 
123-8,75-3,50 

9 
69 

Sand, dark-gray 
Sandy shale, gray 
Sandstone, gray, water 
Shale, gray 
Sandstone, gray, water 
Shale, brown 
Shale, gray 

III 
.J15 

10 

53 
47 
75 

255 

112 
3 

52 

3 
1~ 

16 
17 
13 
H 

S 
6 
8 

17 
50 

1 
8 

13 
1 
~ 

11 
3 
4 

14 
2 
4 
5 

38 
4 

65 
8 

256 
68 
2~ 

22 
70 
3t1 
12 
19 

9 

13 
4 

86 
3 

8n 
16 

7 
7 
7 

31 

11 
5 

27 
1(1 
1(1 
55 

200 
130 

20 
411 

15 
5 
8 

4:1 
7 

26 

Depth 
(feet; 

1,4;;{) 
I, afj'; 
1,875 

I, fJ2B 
I, !J75 
2, ()51l 

2, :J05 
2,310 
2,31,) 

~.- .. -

68;; 
7!17 
8UO 
8;;2 

855 
86~ 

885 
fJ02 
~Jl5 

!J 2U 
~J 34 
~ I 4 () 
n-l8 
Db5 

1, () IS 
I, 1I16 
1,1I2~ 

1, 1I37 
l,U38 
1, 1I~ 2 
1,1)03 
1,056 
1,001) 
l,lI74 
1,1I7S 
I, IlSlI 
I, IlS5 
I, 123 
1, 127 
I, 182 
I, 2111l 
I, -l3G 
I, 524 
1,548 
1, 570 
1,6411 
1, (; 7~) 
1, (j ~11 

l,71U 
1, 7 1 ~l 
1,72-1 
1,737 
I, HI 
1, 827 
1, B31l 
1, ~l H) 
t, D35 
1, P-l2 
1, P-l0 
1, D5C; 
I,PB7 

1(13 
IllS 
135 
145 
155 
21ll 
41ll 
54ll 
56ll 
G(111 

141 
156 
161 
16~1 

212 
21D 
245 

83 



Shale, brown 3 
Shale, gray, hard, streaks of 8 inches 

to 3 feet, possibly limy 42 
Gallup Sandstone: 

Sand roc k, red 22 

QUATERNARY: 
Alluvium: 

Adobe, water, alkali 150 feet 150 
UPPER CRETACEOUS: 

Mancos Shale: 
Shale, blue, clay, water, salty 225 feet 110 
Sandstone 52 
Shale, blue, clay 20 
Sandstone lens 7 

(~UATERNARY: 

Surficial deposits: 
Soil 15 
Blow sand 19 
Sand and gravel 13 

UPPER TRIASSIC: 
Chinle Formation: 

Shale, gray 65 
Sandstone, gray 13 
Shale, gray 20 

QUATERNARY: 
Alluvium: 

Adobe, clay, and mud 74 
Sand and gravel, water 4 

QlTATERNARY: 
Alluvium: 

Blow dust 62 
Sandstone, red 38 
Shale, blue 8 
Sandstone, water 6 gpm 2 

QUATERNARY: 
Surficial deposits: 

Soil 40 
lTPPER JURASSIC: 

Morrison Formation and Cow Springs Sand-
stone undifferentiated: 

Sand, does not cave 20 
Sandstone 105 
Shale, sandy, gray 93 

QU,~TERNARY: 

Surficial deposit s: 
Top soil 8 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
Sand, red, dirty 64 

QUATERNARY: 
Alluvium: 

Sand, fine, dry 96 
Sandstone, soft 6 

QUATERNARY: 
Sllrficial deposits: 

Top soil 8 
TERTIARY: 

Bidahochi Formation: 
Sand, tan 127 
Sandy shale, gray 27 
Sandy shale, brown 18 
Sandy shale, red 40 

. 

72 Sandstone, gray, dry 
Sandstone, gray, probably dry 

114 No information 

136 

Dean Kirk Trading Post 
123-12.4-3.4 A 

Shale, gray 
Shale, black 

150 Coal 
UPPER AND LOWER CRETACEOUS: 

Dakota Sandstone: 
260 Sandstone, white, water good 
312 Shale, brown and black, porous 
332 Sandstone, artesian flow 
339 

17K- 344 
90-13.05-14.50 

Shale, pink 
Shale, gray 

15 Shale, red 
34 Shale, gray 
47 UPPER TRIASSIC AND PERMIAN: 

Chinle Formation (Shinarump Member) 
and De Chelly Sandstone undifferentiated: 

112 Water sand 
125 Sandstone, yellow 
145 

17M-44 
90-13 85-17 00 

PERMIAN: 
De Chelly Sandstone: 

74 Sandstone, 
78 

17M-66 
91-6.60-12.50 

Shale, red 
Sandstone, 

red 

water 
62 UPPER TRIASSIC: 

100 Chinle Formation: 
108 Rock, very hard 
110 

Steamboat Day School 
92-5. 50-17.10 

Water sand, raised to 120 feet of top 
Sandstone, white, chalky 

40 Shale, red 
Shale, gray 
Shale, red 
Water sand, raised to 365 feet of top 

60 Sand, wbite, chalky 
165 Entrada Sandstone: 
258 Shale, red, caving 

17K- 374 
109-5 30-2 85 

PERMIAN: 
De Chelly Sandstone: 

8 Sandstone, pale-red 
Sandstone, light- pink, 

2 gpm 220 to 240 feet 

72 

17K- 349 
110-1. 45-16.95 

Conglomerate 

approximately 

MIDDLE(?) AND LOWER TRIASSIC: 
96 Moenkopi Formation: 

102 Shale, red 

17K-373 
110-13.00-5.70 

Sandy shale, gray 
Sandy shale, brown 

8 Sandy shale, red 
Sandy shale, white 

UPPER JURASSIC: 
135 Cow Springs Sandstone: 
162 Sandy shale, red, seep at 355 feet 
180 Sand, red, fine, seep at 378 feet 
220 

8 253 
8 261 
8 269 

14 353 
5 358 
1 359 

7 366 
6 372 

78 450 

35 180 
5 185 

235 420 
60 480 

37 517 
8 525 

27 105 

16 126 
2 128 

2 130 

7 265 
178 443 

29 472 
9 481 

72 553 
39 592 
33 625 

39 664 

78 150 

195 345 

13 115 

17 132 

20 240 
40 280 
20 300 
15 315 

135 450 
50 500 

84 



Table 2. --Selected and modified driller.' 1011. ot wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

Q UATERNARY: 
;\lluvium: 

Broken rock 
U PPER TRIASSIC: 

Chinle Formation: 
Shale, blue 

QUATERNARY: 
Alluvium: 

Sand, red, fine, some clay 
Sand, clean, medium-grained, water 
Sand and silt, red, very fin~ 
Sand, fine, clean, water 

QUATERNARY: 
Alluvium: 

Fill 
TERTIARY: 

Bidahochi Formation: 
Sandy shale, light 
Shale, red, quite hard 

QUATERNARY: 
Alluvium: 

Sand, brown, some clay 
Sand and silt, fine 
Sand, fine 
Clay 

QUATEHNARY: 
Alluvium: 

Sandy silt 
Clay 
Clay, gray 
Sand, brown, poorly sorted, Dakota, 

water 
UPPER JURASSIC: 

Cow Springs Sandstone: 
Shale, gray, Dakota 

TERTIARY: 
Bidahochi Formation: 

Sand 
Shale, red 
Sand, red 
Shale, red 
Sand and shale, gray 
Shale, red and gray 
Shale, gray 
Shale, red 
Shale, gray 

UPPER TRIASSIC: 
Chinle Formation: 

Shale, red 
Sandstone, red, hard 
Shale, red 
Water sand, gray 
Shale, blue 

Shinarump Member: 
Sand, gray 
Sand, gray and white 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Shale, red, hole plugged at 610 feet 
Sand, white 
Shale, red 
Sand, white 
Shale, red 
Sand, gray 
Shale, red, sticky 
Sandy shale, Ted 

QUATERNARY: 
Surficial deposits: 

Soil 
PERMIAN: 

De CheUy Sandstone: 
Coconino sand 
Sand, red 
Sandstone 

16 

24 

31 
24 
14 

6 

10 

30 
30 

30 
15 
15 
10 

24 
15 
39 

18 

6 
12 

2 
10 
10 

9 
47 

9 
5 

13 
5 

12 
14 

1 

16 
66 

6 
27 

5 
15 
10 
25 
15 
23 

17M-44A 
110-0.55-1. 40 

Shale, brown 
PERMIAN: 

16 De CheUy Sandstone: 
Sandstone, red, water 
No information 

40 

17M-91 
110-10.20- 6.85 

Sandy clay, red 
Sand, fine, some gravel, water 

31 UPPER TRIASSIC: 
55 Wingate Sandstone: 
69 Clay, dark-red 
75 

17T-369 
110-2.50-12.40 

Shale, red 
Shale, light- red 

10 Shale, pale-red 
MIDDLE(?) AND LOWER TRIASSIC: 

Moenkopi Formation: 
40 Shale, purple 
70 Shale, red 

17M-203 
111-9,95-13.45 

30 
45 
60 
70 

Sand, fine 
Clay, gray, red, sand 
Sand, coarse, water 

TEHTIARY: 
Bidahochi Forma Hon: 

Sandstone, light- brown 

17M-207 
111-7,80- 5.05 

24 
39 
78 

86 

104 

Sand, gray, medium-grained, Dakota, 
water 

Sandy silt, gray, Dakota 
Sand, light-gray, fine-grained, water, 

Morrison 
Sand, light-gray, fine-grained, water, 

Morrison 
S8.nd, gray, fine - grained, water, 

l\IIorrison 
Sandstone, light-gray, poorly sorted, 

MorrIson 

17K-307 
125-13.85-5.65 

Shale, red, sticky 
PERMIAN AND PENNSYLVANIAN: 

6 De Chelly Sandstone and Supai Formation 
18 undifferentiated: 
20 Water sand 
30 Sand, red, hard 
40 Sand, red, coarse 
49 Sand, red, soft 
96 Sandy shale, red 

105 Sand, red 
110 Sand, gray, hard 

Sand, blue 
Sand, gray 

' 123 Sand, brown 
128 Sand, red 
140 Sand, gray, hard 
154 Sand, red 
155 Sand, brown, hard 

Sand, red 
171 Sand, brown, soft, water 
237 Sand, red, soft 

Sand, brown, hard 
Sand, brown, soft, water 

243 Sand, brown, hard 
270 Sand, brown, soft, water 
275 Sand, brown, water., 5-1/2-hour bailer 
290 test 
300 Sand, brown 
325 Water sand, soft, water 
340 Sand, light-brown 
363 Sand, brown 

17M-133 
125-5,90-11, 70 

Sand, hard 
Sand, brown, soft 
Sand, red 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Bentonite 
Sand, red, hard 
Sand; red 

10 

73 
2 

24 

60 
130 

25 

15 
15 

8 
7 

10 

37 

8 
11 

46 

18 

33 
55 
20 
41 
15 
45 
16 

11 
4 
3 
6 
4 

33 
4 

20 
30 

9 
3 

14 
8 

13 
19 
15 
20 
45 

5 
15 

135 

25 
45 
40 

Depth 
(teet) 

50 

123 
125 

80 
88 

112 

130 
260 
285 

300 
315 

78 
85 
85 

1:32 

113 
l:l4 

120 

132 

13!1 

185 

382 

415 
4711 
4~1() 

5.) I 
546 
3~tl 

6U7 
6llil 
620 
624 
627 
G33 
637 
670 
674 
6D4 
724 
733 
736 
7511 
758 

771 
7911 
80S 
825 
870 

225 
240 
375 

400 
4:45 
485 

85 



Sand, red 
Rock, red 
Sand, red, water 35 gpm 
Rock, red 
Sand, red 

TERTIARY: 
B idahochi Forma tion: 

Sand, red, soft 
Clay, sand, and gravel, soft 
Clay, red, soft 
Clay, light-red, soft 
Sandstone, gray, 1/2 gpm 

UPPER TRIASSIC: 
Chinle Forn1ation: 

Shale, blue, soft 
Sandstone, red, soft 
Shale, light-gray 
Shale, pink, soft 
Shale, blue, soft 
Shale, blue, soft 
Sand and shale, soft 
Shale, red, soft 

QU.~TERNARY: 
Alluvium: 

Sandy shale, red 
Quicksand 

UPPER THIASSIC: 
Chinle Forlnation: 

Sl;1ale, red 

QUATERNARY: 
Alluvium: 

Sandy clay 
Sandy loam 

TERTIARY: 
Bidahochi Formation: 

Sandy and silt 

TERTIARY: 
Bidahochi Formation: 

Sand, 1/2 gpm at 184 feet 
Shale, brown 
Clay, white, bentonite 

QUATERNARY: 
Alluvium: 

Sand, soft, run 
Adobe, sand 
Sand 
Sand, fine 
Water sand, light 

QUATERNARY: 
Surficial d eposH s: 

Soil 
Sand, water 
Clay 

QUATERNARY: 
Alluvium: 

Valley fill 
Mud and gravel, water 

QUATERNARY: 
Alluvium: 

Valley fill 
Sand, gravel, and mud 

37 
9 

37 
44 
35 

145 
55 
20 
30 
20 

25 
15 
75 
60 
40 
65 
10 
30 

42 
13 

15 

17 
38 

43 

184 
46 
10 

28 
45 
15 

3 
2 

40 
9 

39 

60 
26 

6 
45 

95 
104 
141 
185 
220 

Sand, gray, top of water sand 
Sand, red, water 
Roc k, red, water 
Sandstone, red, water 
Sandy shale, red 

17M-263 
125-12.0-16.0 A 

Shale, red, soft 
Shale, blue, soft 

145 Water sand, soft, 1 quart per minute 
200 MIDDLE(?) AND LOWER TRIASSIC: 
220 Moenkopi Formation: 
250 Sand, red, soft 
270 Sandy shale, red, soft 

Shale, red, 7 feet of broken formation 
at 760 feet 

295 PERMIAN: 
310 De Chelly Sandstone: 
385 Sand, red, very sharp 
445 Sand, red, soft but very sharp 
485 Sand, pink, soft and very sharp 
550 Sand, red, soft and very sharp 
560 Sand, red, soft and very sharp 
590 

17K-347 
126-0.30-5.80 

Sand, brown, water 
Shale, 

42 
55 

70 

17M-1l7 
126-5.90-8.80 

red 

Sand, fine, water 
Shale, light- gray 

17 UPPER TRIASSIC: 
55 Chinle Formation: 

Shale, red 

98 

17M-187 
126-13.90-2.50 

Sandy shale 
Shale, red 

184 Shale, brown 
230 Water sand, 30 gpm 
240 

l(M-262 
126-1. 75-8. 90 

Sand, silt 
Gravel, water 

28 Sand, fine 
73 UPPER TRIASSIC: 
88 Chinle Formation: 
91 Shale, dark 
93 

17K-340 
127-6.65-0.50 

Sand, water 
UPPER TRIASSIC: 

40 Wingate Sandstone: 
49 Shale, red 
88 

17K-350 
127-1. 30-17.10 

UPPER TRIASSIC: 
Chinle Formation: 

60 Shale, red 
86 

17K-352 
140-7.45-1. 65 

Sand and gravel, 
UPPER TRIASSIC: 

6 Chinle Formation: 
51 Shale, red 

salt water 

10 
40 
25 

3 
4 

40 
5 
5 

15 
45 

75 

5 
5 

35 
20 

160 

15 
20 

8 
20 

17 

30 
60 
20 
61 

17 
3 

13 

5 

28 

70 

29 

19 

8 

495 
535 
560 
563 
567 

630 
635 
640 

655 
700 

775 

780 
785 
820 
840 

1,000 

85 
105 

106 
126 

143 

270 
330 
350 
411 

110 
113 
126 

131 

116 

186 

115 

70 

78 

86 



Table 2, .. -Selected and modified drillers' logs of wells in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

QUATERNARY: 
Alluvium: 

Alluvial fill, water, 30 gpm 15 
PERMIAN AND PENNSYLVANIAN: 

Supai Formation: 
Sandstone, light-red 7 
Sandy shale, light-red 17 
Sandstone, light-red 4 
Shale, red 19 
Sandstone, reddish-brown, very hard 628 

- .- - .. - .- -

QUATERNARY: 
Alluvium: 

Sand and gravel 8 
Quicksand, some gravel 8 

- -_._.-

QUATERNARY: 
Surficial deposits; 

Alluvium 25 
PEdMIAN AND PENNSYLVANIAN: 

Supai Formation: 
Sand rock, red 78 
Lime, gray, water 32 

- - --- - -- --- ----- ---

QUAT,ERNARY: 
Alluvium: 

Sand and gravel, center of creek 

QUATERNARY: 
Alluvium: 

Surface 12 
UPPER TRIASSIC: 

Chinle Formation: 
Sandstone, red 18 
Sandy shale, red, hard 20 
Hard shell 3 
Shale, gray 17 
Sand, white, coarse 13 
Shale, gray 5 
Sand, harel, sharp 15 
\Vater sand, gray; hard 11 
Water sand, brown, coarse 14 
Sand, hard, tight 11 

PERMIAN: 
De Chelly Sandstone: 

Upper member: 
Sand, hard 14 
Sand, hard, sharp 114 
Sandy shale, red 33 
Sand, hard 8 
Sandy shale, gray 22 
Sandy shale, red 8 

Tongue of Supai Formation: 
Shale, red 23 
Hard shell 22 
Sand, hard, fine 3 

uPPER TRIASSIC: 
Chinle Formation: 

Subsoil, red clay and shale 32 
Sandstone 3 
Conglomerate 2 
Sandstone, red 3 
Clay, red, hard to mix, 2 feet to run 36 
Sandstone, hard, blUe 5 
Shale, brown 3 
Sandstone, brown on top Changed to 

whitish blue at 96 feet 12 
Water sand, hole full of water 6 
Sandy shale, blue 4 
Sandstone 4 
Sandy shale, brown 25 
Sandy shale, blue 11 
Sandstone, blue, hard, reduced hole at 

148 to 8-1/4 inches 2 
Sandstone, blue 7 

QUATERNARY: 
Alluvium: 

Silt and clay 15 
Silt and sand 25 
Gravel and clay 35' ' 

18K-306 
89-8.10-8.10 

Sandstone, reddish-brown 
Sandstone, light-gray 

15 PRECAMBRIAN: 
Quartzite: 

Sandstone, reddish-brown, quartz 
22 Sandstone, gray, very hard 
39 Sandstone, gray, very hard lenses and 
43 soft ones 
62 Fine quartz 

690 

18K-327 
89-5.50-16.75 

Sand and gravel 
PERMIAN AND PENNSYLVANIAN: 

8 Supai Formation: 
16 Sandstone, water at 26 feet 

---_._-

18T-344 
89-8.20-9.40 

Sand, red, coarse, more water 

25 
Lime, layers of red and gray 
Sand rock, coarse, hard 
Sand, red, very fine, hard 
Sand, red, coarse, raised to 45 feet 

103 when dl' illing 
135 Quartz, red 

- - - - - --- -- -- --

Fort Defiance 3 
89-5.50-16.85 

PERMIAN AND PENNSYLVANIAN: 
Supai Formation: 

Sandstone, 350 gpm 

18A-152 
108-6.00-11.10 

Hard sh"ell 
Sand, hard 

12 Sand, hard, shal'p 
Sand, hard 
Shale, red 

30 Shale, red 
50 Sandy shale 
53 Lower member: 
70 Sand, hard 
83 \Vater sand, flow 3 gpm 
88 Hard shell 

103 Sand, hard 
114 \-Vater sand, tight 
128 Sand, red 
139 Water sand 

Sand, hard 
Sand, gray, hard 
Sand, red, hard 

153 PERMIAN AND PENNSYLVANIAN: 
267 Supai Formation: 
300 Shale, light-gray 
308 Sand, hard 
330 Sandy Shale, red, hard 
338 Hard shell 

Sandy shale, hard 
361 Hard shell 
383 Sandy shale, red 
386 

18K-324 
124-12.50-14.95 

Shale, blue 

32 
Clay, brown and red 
Sandstone, hard 

35 Sandy clay, red 
37 Sandstone, red and white alternation, 
40 hard and soft spots, drills close and 
76 hard on bits, reduced hole to 6-1/2 
81 inches at 280 feet· 
84 Sandstone, top of water sand at 350, 

sand coarse grairied at 360, specks of 
96 white, main body of sand nearly 

102 white, brownish cast, brown flecks 
106 at 360 
110 Shinarump Member: 
135 Sandstone 
146 

148 
155 

-

18T-336 
124-12.70-13.75 

Silt and fine sand 
Gravel 

15 PERMIAN: 
40 De Chelly Sandstone: 
75 Sandstone 

74 
5 

15 
2 

12 
47 

10 

4 

21 
31 
19 

5 

13 
I 

13 
7 

13 
2 

.jj 

2 

3 
8 
3 

20 
10 

5 
H 
12 

6 
31 

21 
18 

141 
10 
26 

3 

"2 

15 
30 
10 
10 

62 

78 

20 

27 
2 

16 

Depth 
(feet; 

764 
769 

784 
786 

798 
845 

26 

30 

156 
187 
206 
211 

224 
225 

18 

:iU 1 
4U4 
HI 
424 
-12G 
-167 
..j. 6~1 

-171 
48tl 
483 
5113 
01:1 
018 
532 
044 
550 
581 

Gll2 
620 
761 
771 
787 
80Ll 
842 

170 
200 
210 
220 

282 

360 

380 

102 
104 

120 

87 



QUATERNARY: 
Alluvium: 

Old well (caisson) 28 
Sand and clay filled in old well 7 
Clay and gravel 13 
Clay 7, 
Sand 8 
Clay 3 

TERTIARY: 
Bidahochi Formation: 

Sandy soil 24 
Sand. white 16 

MIDDLE(?) AND lOWER TRIA SSIC: 
Moenkopi Formation: 

Shale. red 30 
Shale, red 30 
Sand, water, 160 gpm 5 
Shale, red 10 

PERMIAN: 
De Chelly Sandstone: 

Sandstone 35 
Sandstone 40 
Sdnd 5 
Sand 45 
Sand 20 
Sand 45 
Sandstone 35 

PERMIAN AND PENNSYLVANiAN: 
Supai Formation: 

Sandy shale 45 
Sand and shale, brown 30 
Sandy shale 50 
Sandy shale 50 
Sandy shale 5 
Sandy shale 4 

TERTIARY: 
Bidahochi FormatlOn: 

Sand 118 
Water sand, about 1/2 gpm 12 
Sandstone 20 
Shale 20 

TERTIARY: 
Bidahochi Formation: 

Sand and cl ay 23 
Bentonite 17 
Sand, gray 85 
Sand, loose 80 
Sand, wet from 220 feet, water from 258 

to 263 feet 25 
Muddy sand, soft 53 
Shale, gray 22 
Shale, red 10 
Shale, brown 120 
Shale, gray 20 
Shale, blue 50 
Shale, gray 5 
Shale, light-brown 10 
Shale, blue 13 

QUATERNARY: 
Alluvium: 

Sandy clay, struck water at 50 feet 90 
UPPER TRIASSIC: 

Chinle Formation: 
Clay, blue 15 
Sandstone, red 30 

QUATERNARY: 
Alluvium: 

Sand and streaks of clay 80 
UPPER TRIASSIC: 

Chinle Formation: 
Shale 218 

ATSF Houck B 
124-12.70-15.40 

Sand 
Clay 

28 Quicksand 
35 Gravel and clay 
48 UPPER TRIASSIC: 
55 Chinle Formation: 
63 Clay, red, hard 
66 

18A-210 
125-1. 00-12 95 

Sand 
Sandy shale 

24 Sandy shale 
40 Sand 

Lime, white 
Lime, black 

70 Lime, white 
100 Sandy shale, brown 
105 Sandy shale 
115 Sandy shale, brown 

Sand, white 
Sand, white 

150 Sandy shale, brown 
190 Sandy shale 
195 Sandy shale 
240 Sandy shale, brown 
260 Sandy shale 
305 Sandy shale 
340 Sandy shale 

Sandy shale 
Shale, brown 

385 Sandy shale, brown 
415 Sandy shale 
465 Sandy shale 
515 Sandy shale, brown 
520 Sandy shale, brown 
524 

18A-112 
137-9.90-0.20 

Sandy shale 
Shale, gray 

118 Bentonite 
130 Sandy shale 
150 Water sand, 250 gph 
170 Sandstone 

18A-315 
138-0.5-1. 5 A 

Shale, blue 
Shale, brown 

23 Sand, red 
40 Sand, gray 

125 MIDDLE(?) AND LOWER TRIASSIC: 
205 Moenkopi Formation: 

Shale, gray 
230 Sandy shale, red 
283 Shale, brown 
305 PERMIAN: 
315 De Chelly Sandstone: 
435 Sand, gray, hard 
455 Sand, pink, hard 
505 Sand, red 
510 Sand, pink 
520 Sand, red, 1 quart per minute at 940 
533 Sandy shale 

ATSF Chambers 
138-10.60-4.30 

Water sand 
Clay, blue 

90 Water sand 
Sandy clay 
Sandstone, water shut off at 495 feet 

105 Shinarump Member: 
135 Sandstone, white 

lee .Well 
138-11. 00-2. 70 

Sandstone 
Shale 

80 

298 

10 76 
4 80 

25 105 
3 108 

7 115 

11 535 
51 586 

4 590 
20 610 

8 618 
8 626 
3 629 

36 665 
30 695 
30 725 

5 730 
5 735 

15 750 
30 780 
25 805 
30 835 
40 875 
25 900 
30 930 
25 955 
25 980 
40 1,020 
15 1,035 
25 1,060 

4 1,064 
36 1, 100 

30 200 
30 230 
40 270 
10 280 
10 290 
24 314 

2 535 
30 565 
25 590 

5 595 

60 655 
25 680 
28 708 

123 831 
19 850 
15 865 
45 910 
70 980 
71 1,051 

25 160 
20 180 
30 210 

110 320 
195 515 

90 605 

20 318 
84 402 

88 





SELECTED STRATIGRAPHIC SECTIONS IN THE NAVAJO AND HOPI INDIAN RESERVATIONS, 

ARIZONA, NEW MEXICO, AND UTAH 
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\ 
Table 3. --Selected stratigraphic sections in the}Navajo and Hopi Indian Heservations, Arizona, New Mexico, and Ut8.h 

DISTRICT 1 

1. -Cow Springs 

North side of Black Mesa, 4 miles east of Cow Springs Trading Post 
58-3.2-6.5 

[Measured by J. W. Harshbarger] 

UPPER AND LOWER CRETACEOUS: 
Dakota{?) Sandstone: Feet 

9. Sandstone: Yellowish-orange (10YR 7/6); fine-grained; 
calcareous and ferruginous cement; thin-bedded, beds 
~ to 5 inches thick; crossbedded; forms a rough cliff; 
contains abundant limonite streaks. 15 

UNCONFORl\rlITY: Erosional relief, 4 inches to 1. 5 feet; contains 
coarse-grained sandstone and granule conglomerate; sharp con-
tact due to color change. 

UPPER JURASSIC: 
Cow Springs Sandstone: 

8. Sandstone: Light-gray (N 7); fine-grained; firmly ce
mented, calcareous and ferruginous; flat, thin-bedded, 
beds 1 to 4 inches thick; partially crossbedded; forms 
a rough, pitted, rounded cliff; contains near bottom len
ticular manganese beds, 2 to 12 inches thick and 50 to 
100 feet long; commonly contains iron manganese con-
cretions, 6 inches to 3 feet in diameter. 104 

7. Sandstone: Dusky-yellow (5Y 6/4); fine-grained; weakly 
cemented; massive; flat-bedded; forms a smooth, 
rounded cliff; contains manganese stringer near top 
and abundant black iron specks. 28 

6. Sandstone: Same as unit <1; contains abundant limonite 
nodules, t to i- inch in diameter. 51 

5. Siltstone: Greenish-gray (5GY 6/1); ,,"cakli cemented, 
calcareous; flat, thin-bedded, beds T to '2 inch thick; 
forms a recess in main rounded cliff. 

4. Sandstone: Greenish-gray (5GY 6/1); very fine grained; 
firmly cemented, calcareous; thin-bedded, beds r- to 
<1 inches thick; crossbedded, large-scale crossbe~s; 
forms a smooth, rounded, slick cliff; contains hard, 
calcareous green pods (1 x 6 inches). 94 

3. Sandstone: Pinkish-gray (5YR 8/1); very fine grained; 
firmly cemented; thick-bedded, beds 6 to 14 inches 
thick; crossbedded. large-scale crossbeds; forms a 
smooth, rounded, slick cliff; contains several weakly 
celTIented silty green stringers, 1 to 2 inches thick. 40 

Slope: Concealed by talus and vegetation; appears to consist 
of weakly cemented beds of sandstone and red shale; 
boundary between Cow Springs Sandstone and Entrada 
Sandstone is in this unit. 36 

Total Cow Springs Sandstone 355 

Entrada Sandstone: 
2. Sandstone: Light-brown (5YR 6/4); fine-grained; very 

weakly cemented, calcareous; thin-bedded, beds t to 
+inch thick; crossbedded; alternates with light-gray 
(N 7) sandstone beds; forms a poorly exposed, smooth, 
banded slope; contains several reddish-brown shale 
partings, "4 to 1 inch thick. 54 

1. Sandstone: Light-brown (5YR 6/4); very fine grained; 
firmly cemented, calcareous; thin-bedded; crossbedded, 
large-scale crossbeds; forms a smooth, rounded, slick, 
steep slope; contains numerous crisscross light-gray 
(N 7) streaks 01' bands. 134 

Total incomplete Entrada Sandstone 188 

Valley: Covered by alluvium and vegetation. 

2. -Blue Canyon 

In Blue Canyon along western side of Black Mesa, 
19t miles east of Tuba City 

76-8.1-5.5 

[Measured by J. W. Harshbarger] 

UPPER AND LOWER CRETACEOUS: 
Dakota(?) Sandstone: 

28. Sandstone: Yellowish-orange (lOYR 7/6); fine-grained; 
firmly cemented, calcareous and ferruginous; thin
bedded; crossbedded; forms a resistant cap rock for 
main cliff. 

UNCONFORMITY: Erosional surface; I-foot relief filled with coarse
grained sandstone; bluish-gray shale partings. 

UPPER JURASSIC: 
Cow Springs Sandstone: 

27. Sandstone: Yellowish-gray (5Y 8/1); same as unit 25. 63 
20. Sandstone: Light-greenish-gray (5GY 8/1); very fine 

grained; weakly cemented, calcareous; thin-bedded, 
beds ~ to 3 inches thick; crossbedded, large-scale 
crossbeds; forms a smooth, rounded cliff; contains 
abundant kaolin specks. 42 

25. Sandstone: Yellowish-gray (5Y 8/1); very fine grained; 
weakly cemented; flat, thin-bedded; partially crossbed-
dedi forms a smooth. rounded cliff. 74 

24. Shale: Light-gray (N 7); sandy; weakly cemented; flat-
bedded; forms a recess in cliff. 

23. Sandstone: Light-greenish-gray (5GY 8/1); very fine 
grained; firmly cemented; thin-bedded, beds t to 3 
inches thick; crossbedded, large-scale crossbedsj 
forms a smooth. rounded cliff; contains green silty 
stringers and pods and abundant limonite concretions. 79 

Total Cow Springs Sandstone 259 

TRIASSIC(? )-Continued Feet 
Moenkopi Formation-Continued 

Hoskinnini Member-Continued 
37. Sandstone: Moderate-reddish-orange (jOR 6/6); very fine 

grained matrix containing many coarse grains of sub
rounded quartz; firmly cemented with calcium carbonate 
and chloride; even, thin-bedded; weathers into a regu-
lar slope. 1.5 

36. Sandstone: Yellowish-gray (5Y 7/2); very fine grained ma
trix containing abundant coarse grains of subrounded 
quartz; firmly cemented with calcium carbonate and chlo-
ride; even-bedded. .8 

35. Sandstone: Moderate-reddish-orange (lOR 6/6); very fine 
grained matrix containing COarse grains of subrounded 
quartz; firmly cemented with calcium carbonate and chlo-
ride; even, thin-bedded. 2.0 

34. Sandstone: Yellowish-gray (5Y 7/2); very fine grained ma
trix containing many coarse grains of sub rounded quartz; 
cemented with calcium carbonate; even, thin-bedded; 
weathers into an irregular slope. .5 

33. Sandstone, alternating with thick intervals of siltstone: 
Pale-reddish-brown (lOR 5/4); very fine to fine-grained; 
firmly cemented with calcium carbonate and chloride; 
even, thin- to medium-bedded, nonrhythmic sequence of 
bedding; weathers into a rounded cliff; commonly con-
tains light-gray (N 7) spots and streaks. 44 

32. Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
grained matrix containing many coarse grains of sub
rounded quartz; well cemented with calcium carbonate; 
even to crinkly bedding; weathers into a rounded Cliff; 
base of sandstone is sharp and irregular; base of 
Hoskinnini Member. <1.0 

Total Hoskinnini Member 53.1 

UNCONFORMITY. 
PERMIAN: 

Cutler Formation: 
De Chelly Sandstone Member: 

31. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; well cemented with calcium 
carbonate; thick-bedded; large-scale crossbeds; weath-
ers into a rounded cliff. 68 

De Chelly Sandstone Member and Organ Rock Tongue transitional 
zone: 

30. Siltstone and sandstone, interbedded: Moderate-reddish
brown (lOR 4/6); very fine grained; abundant arenaceous 
material; firmly cemented with calcium carbonate and 
iron oxide; even-bedded, beds from 1 to 2 feet thick; 
weathers into an irregular cliff; contains rare streaks 
and mud lumps. 36 

Organ Rock Tongue: 
29. Siltstone and sandstone: Moderate-reddish-orange (lOR 

6/6); very fine grained; poorly sorted; abundant arena
ceous material in matrix; weakly cemented with calcium 
carbonate and iron oxide; even, thin-bedded; weathers 
into an irreguiar slope; contains float of calcareous 
shale-pellet conglomerate in thin interval in upper part; 
three 1- to 2-foot-thick light-gray (N 7) sandstone units 
are evenly spaced 60 to 120 feet below top and at bottorn. 172 

28. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; well cemented with calcium car
bonate and iron oxide; thin-bedded; crossbedding; weath-
ers into a vertical ledge. 5. 0 

27. Siltstone: Pale-reddish-brown (lOR 5/4); very fine grained; 
fair-sorted; weakly cemented with calcium carbonate and 
iron oxide; thin-bedded; crossbedding in short inclined 
banks; weathers into a regUlar slope. 3.0 

26. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; firmly cemented with calcium carbonate and 
iron oxide; thick-bedded; crossbedding in short inclined 
banks; weathers into a rounded knob; commonly contains 
leached spots and streaks. 2.0 

25. Siltstone: Pale-reddish-brown (lOR 5/4); very fine grained; 
well-sorted; well cemented with calciulTI carbonate and 
iron oxide; medium- to thick-bedded; crossbedded units 
intercalated with parallel-bedded units; weathers into an 
irregular cliff; contains rare leached spots; siltstone is 
intercalated with thin mudstone beds. 20 

24. Siltstone and mudstone, interbedded: Pale-reddish-browl1 
(lOR 5/4); weakly cemented with calcium carbonate and 
iron oxide; even, thin-bedded; weathers into an irregu-
lar slope. <15 

23. Mudstone: Moderate-reddish-brown (lOR <1/B); cemenb_'d 
with calcium carbonate and iron oxide; even, thick-bedded; 
weathers into a regular slope; contains rare bands; rare 
thin siltstone beds intercalated with mudstone. 55 

22. Siltstone and mudstone, interbedded: Moderate-reddish
brown (lOR 4/6); very fine grained; well cemented with 
calcium cal~bonate and iron oxide; even, medium- to 
thick-bedded; weathers into an irregular slope; com-
monly contains leached spots and streaks. 67 

21. Mudstone and Siltstone, interbedded: Moderate-l'eddish
brown (lOR 4/6); very fine grained; well cemented with 
calcium carbonate and iron oxide; even, thiC'k-beddpd; 
weathers into an irregular slope; siltstone lay-PI'S in unit 
are approximately 2 feet thick. 20 

20. Siltstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; cemented with caiciu1l1 carbonate 
and iron oxide; thin- to medium-bedded; crossbt,dding; 
weathers into a vertical ledge. ·4. n 

19. Mudstone: Pale-reddish-brown (lOR 5/4); even, thin-
bedded; forms a slope; weathers into soil unit and is 
poorly exposed. 35 

Total Organ Rock Tongue "'12[', 



Arhitrary contaet, based on changes in lithology and bedding 
strl1cturC's. 

Ent l'ada Sandstonp: 
22. SandstOlw: PalE'-fC'd (5R 6/2); very fine gr'ained; firmly 

t'Pl111'ntPti, cakareous; flat, thin-bedded, b~ds l to 1 
ilWh thick; crossbedded, large-scale crossbeds; forms 
a knobby, nodular (stone babies), rounded cliff; con
tains abundant crisscross light-gray (N 7) streaks or 
bands. 

21. Sandstone: Light-gray (N 7) and light-brown (5YR 6/4); 
vel',Y finl' grained; VE'l'Y weakly cemented; interbedded; 
thin-bedded, beds a quarter of an inch thick; crossbed
dedi forms a streaked and mottled, steep slope. 

211. Shah': l'alt'-l'ed (5R 6/2) and light-gray (N 7,); very fine 
?l'ained; silty; friable; interbedded; thin-bedded, beds 
4" to ~ ilwh thick; crossbedded; forms a mottled slope. 

lH. Sandstone: Reddish-brown; vE'ry fine, grained; firmly ce
l11pnteci; thin-bedded, beds t to 2 inches thick; forms a 
knobby, round£'d, stE'ep slope; alternates with light-gray 
(X 7) silty sandstol1C'; contains rare manganese streaks, 
2 to 5 inches long. 

lB. Sandstone: Vpr,Y light gray (N B); fine-grained; weakly ce
nll'nted, calcareous; thin-bedded; crossbedded, large
scale cl'ossbcds; forms a mottled, steep slope; contains 
seYl'l'ul weakly cemented shale partings, thin-bedded, 
2 tll 6 inehes thiek. 

Total Entrada Sandstone 

At'bit l'al'Y contact, based on changes in lithology and bedding 
stl'ul'tureS. 

l'PPER ,\:\ll MHlDLE JUR:"SSIC: 
C~ll'lllpl F01'l1lation: • 

17. Shale: Pall'-l'ed (5R 6/2); clayey texture; thin-bedded, 
;} to 1- inch thick; forms a slope; several beds of light
gray (~ 7) sandstone. 

Ili, Sandstone: Same as unit 1-1. 
15. Shale: Pale-red (5R 6/2); clayey texture; weakly ce

l1H'ntE'd, calcareous; thin-bedded, paper-thin; forms 
3. reC'Pss. 

l-L Sandstone: I.ight-gray (N 7); fine-grained; weakly ce
mented; flat, thin-bedded, t to 2 inches thick; forms a 
rough, pitted cliff; contains several pale-red (5R 6/2) 
shale partings, 1 to 3 inches thick. 

1 :3. Shale: Reddish-brown; clayey texture; thin-bedded; forms 
a smooth slope; several light-gray (N 7) sandstone beds. 

1 ') Sancistohe: Same as unit 14; forms a slope; contains gyp
sirerous shale at top. 

11. Shale and sandstone, interbedded: Reddish-brown and light
gray (N 7); ver;-.' fine grained; wea~ly cemented; thin
bedded; forms a banded and mottled slope. 

l(). Sandstone: Same as unit B. 
Shale and sandstone: Same as unit 11. 

8. Sandstone: Pinkish-gray (5YR 8/1); very fine grained; 
flat. thin-bedded, beds t to 3 inches thick; forms a 
smooth, rounded cliff; contains several pale-red (5R 
6/2) shale partings, 1 to 5 inches thick. 

7. Shale: Same as unit 4. 
6. Sandstone: Light-gra)' (N 7); fine-grained; firmly ce

mented; flat, thin-bedded; forms a ledge. 
Slope: Concealed by talus; appears to be same as unit 4. 
,5. Sandstone: Pinkish-gray (5YR 8/1); fine-grained; firmly 

cemented; flat, thin-bedded; forms a resistant ledge; 
contains manganese streaks. 

{. Shale: Pale-reddish-brown (lOR 5/4); claye1 texture; 
weakl:v cemented; thin-bedded, beds 1- to '2 in.ch thick; 
forms a banded slope; alternates with thin Fght-gray 
(~ 7) sandstone beds. 

3. Sandstone:' Very light gray (N 8); fine-grained; weakly 
cemented, calcareous; flat, thin-bedded; forms a 
smooth, steep slope; contains several pale-red (5R6/2) 
shale partings; beds exhibit crinkling, 

2. Shale: Pale-reddish-brown (JOR 5/4); clayey texture; 
weakly cemented; thin-bedded, be<;ls t to t inch thick; 
forms a steep slope; contains flat-bedded light-gray (N 7) 
sandstone .stringers. 

Total Carmel Formation 

l"':\,COXFORMITY: Erosional surface; in places, I-foot relief is 
filled with reworked Navajo Sandstone; in other places, flat
bedded reddish-brown shale truncates large-scale cr9ssbedded 
sandstone. 

,)GR.:"SSIC AND TRIASSIC(?): 
Xavajo Sandstone: 

1. Sandstone: Pale-yeUowish-orange (JOYR 8/6); fine
grained; weakly cemented, calcareous;. thin-bedded; 
crossbedded, large-scale cross beds; forms a ·rough. 
pitted, steep slope; unmeasured. 

DISTRICT 2 

3. -Mouth of Nakai Creek 

South side of San Juan River, north side of Fiute Mesa, 
15 miles northeast of Navajo Mountain Day School 

13-4.0-3.5 (A) 

[Measured by C. B. Read] 

MIlJDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: Undescribed. 

UNCONFORMITY(? ). 
TRIASSIC(? ): 

Moenkopi Formation: 
Uoskinnini Member: 

:J8. Sandstone: Yellowish-gray (5Y 7/2); very fine grained 
matrix containing coarse grains of well-rounded quartz; 
cemented with caldum carbonate and arenaceous ma
terial; fissile bedding; bed contains abundant quartz 
encrustation. 

109 

29 

48 

35 

73 

294 

4 
25 

29 

11 

19 

13 
11 
14 

43 
29 

1 
11 

16 

13 

249 

0.3 

Organ Rock Tongue anci" Cedar Mesa Sandstone MembfJI' transi
tional zone: 

18. Sandstone: Moderate-reddish-brown (lOR 4/6); finre
grained; well cemented with calcium carbonate; ('V en, 
medium-bedded; weathers into a l'ounded ledgp; unif 
is well jointed. 

17. Siltstone: Moderate-reddish-brown (l OH 4/6); very finre 
grained; cemented with calc'ium carbonate and argill,J
ceoUS material; even, thin-bt>dded; weathers into a 
regular slope. 

16. Sandstone: Yellowish-gray (5Y 7/2); i'ine-grain"d; wdl
sorted; firmly cemented with cak ium {'arb()nat(~; f!V('n, 

thin-bedded; weathers into a roundod led~e. 
15. Siltstone: Moderate-reddish-brown (lOI{ 4/6); very fiJI" 

grained; firmly cemented with calcium carhonat(· Dnd 
argillaceous material; eve,n, thin-bedded; weathf'l'S int() 
a slope. 

14. Sandstone: Yellowish-gray (5Y 7/2); fine-grain"d; w..1l
sorted; firmly cemented with calcium carbonate; ('VPrl, 
medium-bedded; weathers into a rounded H:dge. 

13. Siltstone: Moderate-reddish-brown (Jlln 4/6); vel'y,fin,' 
grained; firmly cemented with calcium carbonate ancJ 
argillaceous material; even, thin-bl~dded; weathf>rs int(J 
a regular slope. 

12. Sandstone: Moderate-reddish-brown (Jill{ 4/6); fim'
grained; well-sorted; firmly cemented with calcium 
carbonate; even, thin-bedded; weathers into u rounded 
ledge. 

11. Siltstone: Moderate-reddish-brown (lOR 4/6); vf'ry finf' 
grained; well-sorted; cemented with calcium C'ilY'honate 
and argillaceous material; t!ven, thin-becld{~d; \Vputhf'rs 
into a regular slope. 

10. Sandstone: Moderate-reddish-brown (lon 4/6); fin,'
grained; cemented with calcium carbonate and urgill,l
ceous material; even, medium-bedded; weathE.'I's in1() a 
rounded ledge; sandstone contains rare c:rystallinL' timL'
stone nodules. 

9. Siltstone: Moderate-reddish-orange (lOR 6/6); ver,Y finf' 
grained; cemented with calcium carbonatej even, thin
bedded; weathers into a slope. 

8. Sandstone: Grayish-orange-pink (lon 8/2); fine-grainr·d; 
well-sorted; well cemented \vith calcium carbonat!:'; 
crinkly, thick-bedded; weathers into a rounded cliff; 
sandstone contains abundant tubes and nodulps (Jf medium~ 
gray (N 5) crystalline limestone, 

7. Siltstone: Moderate-reddish-orange (lOR 6/6); very fim' 
grained; cemented with calcium carbonatp anel argilla
ceous material; even, thin·-bedded; weathers into a l't'gU-

1ar slope. 
6. Sandstone: Moderate-reddish-brown (lOR 4/6); fine c 

grained; well cemented with calcium carbonate; (>'\'(:n, 
thin-bedded; weathers into a rounded ledg€'; excellent 
jointing; sandstone contains nodules) plates, and tu'bps 
of dark-gray (N 3) crystalline limestone. ' . 

5. Siltstone: Moderate-reddish-brown (lOR -4/6); Vf'l'Y f{nt' 
grained; cemented with calcium carbonate and al~gilla
ceous material; ev f;"n , thin-berlded; weathers into a regu
lar slope. 

4. Sandstone: Gra.yish-orange-pink (lOR 8/2) to pale-reddisb~ 
brown (lOR 5/ .. !); fine-graineci; \Yell cemented with callium 
carbonate; even, thin- to medium-bedded;, usually weuthel'S 
into an irregular ledge; sandstone contains very t'hin pal't
ings' of moderate-rcddish'-brown (lOR -4/6) siltst(~ne; straHl. 
contain abundant nodules of mediun1-gray (K 5) t'l'yswlliIlP 
limestone. 

3. Siltstone: Moderate-reddish-brown (lOR ~/6), very finl' 
grained; well cemented with calcium carbonate; e\·t~n, 
thin-bedcled; weathers into an irregqlar slope. 

2. Sandstone and siltstone, interbedded: Grayish-Grange-pink 
(lOR 8/2) sandstone, fine-grained, well C'enwl1ted with 
calcium carbonate; moderate-reddish-brown (lOR -1/6) 
siltstone, thin-bedded; unit weathers into an ilTegulul' 
cliff. 

1, Sandstone: Grayish-orange-pink (lOR B/2); fine-gl'ainf'd.: 
well cemented with calcium carbonate;" medium- to thkk
bedded; crossbedding; weathers into a rounded clift'. 

Total Organ Rock Tongue and Cedar Mesa 
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Sandstone MembC'l' transitional zon€' In:?.,5 

Total incomplete Cutler Formation fi3-i. 5 

-1. -Navajo Point 

Southeastern tip of Kaiparowits Plat('au, 15 miles northw(>st n1' 
Navajo Mountain Trading Post 

15 7 11. 0-5. 0 

[Measured by '1'. E. Mullens, G, \\". \\"pir, and V. L. Frf'Pl11anj 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

Top of measul'ed section, not top of exposul'e; Undt'l'l;-.-ing units 
form prominent bench. 

51. Sandstone and ::;hale: Brown sandstonp and l11f'diul11-l2ya;-.
(N 5) to black (N 1) shale, weatlll'l'inp: brown; contains 
some low-grade ('oal and plant fragmcnts; t'ontains fns-
sils of peleC'ypods. 12 

50. Sandstonp and conglonH'rate; Unit l'ontains horizontal blll~ 
inations and C'l'ossbeds; rough It'ntkular bC'cis, 5 ttl :~2 
f(,pt thick, are mostly (,l'ossbE'dded; for'n1s a stt'l'P ditTo 

Sandstone: Yellowish-gra,'l (5Y 8/ 1 to 5Y 7/'2), wt'ath
pring pale yellowish orange (lOYR B/6) and dal'l, yd
lowish orangt' (lOYH 6/6); fint'- to 111edium-gl'i.lilH'd: 
poorly sortpri; composed of \vl'll-l'oundt'd, dt'<lJ' 

quartz; common whitt', orangt', and gray Lll't't'SSOl'Y 

minPl'als; firmly t'(~mpntpd. 
ConglomC'l'atp: C'ompoHPd of pebbles having a maximulll 

diampter of ::3 inches and an aV(~l'agl' dianh'1t'1' {If {
inch; abundant gray, black, and whitp siliL't'ous l'llt'l'l 



Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continul:'d 

UPPER AND LOWER CRETACEOUS-Continued Feet 
Dakota Sandstone-Continued 

pebbles; rare red and orange siliceous pebbles. 72 

Total incOlnplete Dakota Sandstone 84 

UPPER JURASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
-lR. Sandstone and claystone: Unit is very poorly exposed. 

Sandstone: Yellowish-gray (5Y 8/ I to 5Y 7/2); fine
grained; well-sorted; composed of sub angular, 
clear quartz; rare accessory minerals; very weak
ly cemented. 

Claystone: Very dusky red purple (5RP 2/2); contains 
fine-grained sand; bedding and lamination are ob-
scured; forms a covered slope. 27 

48. conflOmeratic sandstone: Yellowish-gray (5Y 8/1 to 5Y 
7 2), weathering white (N 9); medium-grained; fair
sorted; composed of subrounded quartz; rare white 
accessory minerals; white, tan, and rare gray chert 
pebbles, maximum diameter 2 inches, average diam
eter t inch; firmly cemented. calcareous; lenticular 
beds average 5 feet in thickness; medium-scale cr08S-
beds; forn1s a rough cliff, 17 

47. Claystone: Dark-reddish-brown (lOR 3/4), and very sandy 
pinkish-gray (5YR 8/1) to light-greenish-gray (5GY 8/1); 
some fine-grained sand; forms a steep, rubbly slope; 
very poorly exposed, 11,5 

46. Sandstone: Yellowish-gray (5Y 8/ I to 5Y 7/2), weathering 
yellowish gray (5Y 8/1 to 5Y 7/2); medium-grained; 
poorly sorted; composed of well-rounded, clear quar.tz; 
rare white accessory minerals; slightly friable; 1entlcu
lar beds are 5 to 15 feet thick; medium-scale crossbeds; 
forms a steep, ledgy slope; contains pebbles as much as 
1 ~ inches in diameter that are composed of white and tan 
chert, milky quartz, and dark-gray (N 3) silicified lime-
stone; channeling. 58 

45. Covered interval: Probably composed of sandstone and clay-
stone similar to the underlying units. 108 

-l-l. Sandstone: White (N 9), weathering white (N 9) speckled 
with light brown (5YR 6/4 to 5YR 5/6); fine-grained; 
well-sorted; composed of subangular, clear quartz; 
common white and rare black and green accessory min
erals; firmly cemented; lenticularly bedded; small- to 
medium-scale crossbeds; forms a vertical cliff and 
ledge; locally contains crystalline concretions the size 
of \valnuts. 20.9 

-:1:3. Covered interval: Probably interbedded sandstone and 
claystone. 30 

-l2. Conglomeratic sandstone: White (N 9), weathering brown; 
fine- to medium-grained; fair to poorly sorted; composed 
of well-rounded, clear and frosted quartz; common red 
accessory minerals; pebbles as much as It inches in 
diameter are composed of white, tan. dark-red, and 
brown chert; firmly cemented; crossbedded with small, 
choppy units of fluvial type; forms a cliff and ledge. 20.2 

41. Covered interval: Probably shale; units 37 through -l1 are 
lenticular; forms a nearly vertical cliff. 2.5 

40. Sandstone: YellOWish-gray (5Y 8/l) to pinkish-gray (5YR 
8/l), weathering light brown (5YR 6/4 to 5YR 5/6); fine
to coarse-grained; fair-sorted; composed of subrounded, 
clear quartz; common white and rare black and orange 
accessory minerals; firmly cemented; beds are about 
1 foot thick; medium-scale crossbeds; forms a cliff; 
channeling. 33.7 

38. Claystone: Grayish-l'ed (5R 4/2 to lOR 4/2) and light
greenish-gray (5GY 8/1); day and silt; b('dding is ob-
scured; forms a rubble-t:overed slope. U. 0 

~8. Sandstone: Same as unit 38 except that pebbles are s_lightly 
smaller. 17.5 

37. Claystone and sandstone: Unit weathers into a rubble-
covered slope; very poorly exposed, 

Clarstone: Dark-reddish-grayand greenish-gray (5G 
6 l); clay and silt. 

Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2) speckled 
with brown; very fine to fine-grained; fair-sorted; 
composed of subangular, clear quartz; common 
black and red accessory minerals; firmly cemented; 
beds are 1 to 4 feet thick; structureless. 30.2 

36. Conglomeratic sandstone: Yellowish-gray (5Y 8/1), weath
ering light brown (5YR 6/4 to 5YR 5/6); fine- to coarse
grained; poorly sorted; composed of well-rounded, clear 
quartz; common white and rare black, red. and orange 
accessory minerals; pebbles. 2 to 2t inches in diameter, 
are composed of white, tan, and some black and light
green chert and are scattered or concentrated in stringers; 
firmly cemented, calcareous; irregular, lenticularly bed-
ded; small-scale crossbeds; forms a blocky cliff. 12 

35. Claystone: Dark-reddish-brown (lOR 3/4), weathering dark 
reddish brown (lOR 3/4); contains some fine-grained sand; 
forms a slOpe; unit is poorly exposed. 6.6 

34. Sandstone: YellOWish-gray (5Y 8/1 to 5Y 7/2) speckled with 
brown, weathering light brown (5YR 6/4 to 5YR 5/6); fine
grained; well-sorted; ('omposed of subangular quartz; 
common white and rare black accessory minerals; firmly 
cemented; consists of a single massive bed; forms a 
small ledge, 4.4 

33. Silty sandstone: Greenish-gray (5G 6/1) and grayish-red 
(5R 4/2 to lOR 4/2); fine-grained; fair-sorted; weakly 
cemented; partly covered. 2.6 

32. Sandstone: YellOWish-gray (5Y 8/1 to 5Y 7/2) speckled with 
brown, weathering light brown (5YR 6/4 to 5YR 5/6); fine
to medium-grained; fair-sorted; composed of subrounded, 
clear quartz; common white accessory minerals; firmly 
cemented; lenticular beds are 4 to 16 feet thick; cr088-

UPPER JURASSIC-Continued Feet 
Bluff Sandstone-Continued 

crossbedding, sweeping small- to medium-scale crOS5-

beds; forms a rounded cliff. IOU.8 
19. Sandstone: White (N 9), weathering white (N 0); fin€'

grained; well-sorted; composed of subrounded to sub
angular, clear quartz; common white and I'al~e orange 
and red accessory minerals; weakly cemented, calcar
eous; swepping largc-sl:ale crossbeds; forms a l'ounclH1 J 

irregulal' slope. 7.5 
18. Sandstone: Moderate-reddish-brown (lOR 4/6) to white 

(N 9), weathering pale reddish brown (lOR 5/4); fine
grained; well-sorted; composed of subangulal', ambel'
stained quartz; common blac'k and white accessory min
erals; firmly cemented; abundant clay along some cross
bedded partings; upper 83 feet of unit contains wpdge 
crossbedding of rnedium- to lar,e-scale cl'ossbl:'ds; lower 
20 feet of unit is pale red (5R 6 2 to lOR 6/2) and moder
ate reddish brown, containing short. choppy. and long, 
sweeping crossbeds; forms a vertical or rounded cliff. 103 

Total Bluff Sandstone 226. 6 

Summerville Formation: 
Sandy facies: 

17. Sandstone: Moderate-reddish-orange (lOR 6/6), weathering 
moderate reddish brown (lOR 4/6); silt to fine-grained 
sand; fair to poorly sorted; composed of well-rounded, 
fine- to medium-grained quartz; firmly cemented; par
allel beds are 1 inch thick; forms a bare, rounded slope; 
some lighter colored sandstone lenses and stt'eaks. :35 

16. Sandstone: Moderate-reddish-orange (lOR 6/6), weathet'ing 
moderate reddish orange (lOR 6/6); very fine to fine
grained; composed of subroundeu to angular quartz.: ran' 
black accessory minerals; abundant very fine grained 
white chert; weakly to firmly cemented; trough cr'oss
bedding, thin laminae one-sixteenth of an inch to the 
thickness of a sand grain; forms a rounded ledge; cun
tains concentrations of well-rounded quartz and chert 
grains, some of which are frosted; several irregulady 
spaced lenses of silty sandstone, moderate-rec1dish
brown (lOR 4/6) and parallel-bedded; entire unit may be 
a lens within the parallel-bedded sandstone; generally 
poorly exposed. 71.4 

15. Sandstone: Moderate-reddish-brown (lOR -l/6). weather
ing model'ate l'eddish brown (lOR 4/6); silt to very fine 
grained sand; composed of quartz; well-cemented; l'egu
lar pal'aIlel beds are 1 to 2 inches thkk; fOl'ms a l'ubbly 
slope. 15 

14. Sandstone: Grayish-orange (lOYR 7/4) to white (N 8) in 
top part, weathering moderate reddish orange (lOR 6/6); 
ver~' fine to fine-grained; composed of rounded to angu
lar quartz; common black accessory min~rals; common 
white chert; weakly cemented; parallel-bedded in upper 
part; low-angle crossbedding in lower part; forIlls round-
ed ledges in gullies. 33 

13. Sandstone: Moderate-reddish-orange (lOR 6/6), weathel'
ing moderate l'eddish brown (lOR -l/6) irregularly banded 
with dark red; very fine to fine-grained; composed of 
clear quartz; some silt and rare well-rounded. fine- to 
lnedium-grained quartz; firmly cemented; parallel beds 
are 1 inch thick; forms a bare, rounded slope in gull~·; 
contains some lighter colored sandstone lenses; some 
parts split fissile. 611 

Total Summerville Formation :214.-l: 

Entrada Sandstone: 
12. Sandstone: White (N R). weathering white (K 9); finE'- tn 

medium-grained; composed of well-rounded to subangu
lar quartz; cornman black accesson' rninerals; abund[l.111 
white and common colored chert; w'cakly cemented, fria
ble; low-angle crossbeds, alternating with SOlUP thinly 
laminated parallel beds; forms a rounded ledge. 2.:2 

11. Sandstone: Pale-reddish-orange, weathering l110dcratt~ 
reddish orown (lOR 4:/6); very fine to fine-gl'uin('d; 1.."L1t11-

posed of l'oumlecl to angular quartz; rare black acceSStH'Y 
minerals; firmly cemented; structure-less; generally 
forms a smooth, rounded slope; forms a ledge in gully: 
differs from unit below 'mainly in color and weatl1E'l'ing. 16 

10. Sandstone: White (N 9), grayiSh-orange (lOYR 7/4). and 
moderate-reddish-brown (lOR 4/G); weatlH:.'rlng nlOLlPl'ute 
reddish orange (lOR 6/6) to pale reddish bl'own (1ll H 5/4); 
very fine to medium-grained; composed of rounded to 
subrounded quartz; rare to common black, red, and 
orange accessory minerals; weakly cemented; trough 
l'I'ossbeddingj long, sweeping crossbeds al'e a qua l'tp t' 
of an inch to several inches in thickness; fOl'ms :1 t'uund, 
smooth unsc'alable cliff set slightly back along pal'alll'l 
parting planes; scattered pits, as much as 1 foot in 
diameter, in face of cliff; medium grains of fl'osted 
quartz are concentrated along thE' crossbedded surfac('s; 
white (N 8) to grayish-orange (1DYH 7;'1) vpinlets of 
firmly cemented limy sandstone; rare grayish-red (5R 
4/2 to lOR 4/2) sandy shale pal'tings, about ~ to 1 itwh 
in thickness, are very fissile and horizontal; some of 
sandstone is lenticular and contorted; unit is described 
mostly from basal 100 feet. 375 

Total Entrada Sandstone iHl3.2 

Top of contact is very irregular; Entrada Sandstone lies on l'ed 
claystone of Carmel Formation with at least 12 feet of l'elief, 
probably due to rolling and contorted bedding; no cit.'ar evicit.'lWl' 
of channeling. 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

9, Claystone, mudstone, and sandstone: Units· are of variable 



beds; forms a (' liff and ledge; channeling; contains 
pebbles composed of white, tan, and rare black and 
red chert; a 2-foot parting of sandy claystone and 
clayey sandstone is 29.8 feet above base of unit. 

:ll. Claystone and sandstone: Contains 3 beds totaling about 
7 f('('t of sandstone same as unit 32; unit forms a rubble
l' overed slope. 

Cla:istOl1P: Moderate-reddish-brown (lOR 4/6); free 
of sand grains, 

Sandstone: White (N 9), weathering white (N 9); very 
fine to fine-grained; fair-sorted; composed of sub
angular, ('lear quartz; rare orange and black acces
sory nl.inerals; weakly cemented; no sedimentary 
stru('tures observed. 

:lll. Sandstollt': Grac'ish-orange (lOYR 7/4) speckled with 
bl'O\\'n, wL'athering pale yellowish brown (lOYR 6/2); 
vt:'l'y finp to fine-grained; composed of subrounded to 
subangulal', l'lear quartz; common black and white ac
t'f;>ssory Ininel'als; firmly cemented; no sedimentary 
st l'UC'tUl't'S displayed; forms a single massive ledge; 
abundant limonitp specks. 

~~), C1.1\·l'1'ed interval. 
:28. Cnnglomel'atic sandstone: White (N 9) spotted with brown; 

fine-grained; well-sorted; composed of subrounded to 
subunguIal', clear quartz; abundant white accessory min
l.~l'als; common lenses of granules and pebbles composed 
of white and rare gray chert; pebbles average three
pighths of an inch in diameter; firmly cemented; very 
lenticularly bedded; medium-scale crossbeds; forms a 
\'E'l'tical cliff; channeling. 

~7. Sandstone and sandy claystone, interbedded: Unit is 
lenticular. 

Sandston,,: White (N 9) speckled with light brown (5YR 
6/4 to 5YR 5/6), weathering brown; fine- to medium
grained; fair-sorted; composed of subangular, clear 
quartz; C0l11n10n white accessory minerals; firmly 
cen1enteci; beds range in thickness from 8 inc.hes to 
5 feet; medium-scale crossbeds. 

Sandy claystone: Grayish-red-PUrrle (5RP 4/2), weath
ering grac'ish red purple (5RP 4 2); clay and fine
grained sand. 

26. Claystone and sandstone, interbedded: Unit forms a steep! 
rubblc· slope. 

Clao'stone: Pale-yellowish-green (lOGY 7/2), grayish
green (lOGY 5/2), and dark-yellowish-orange (lOYR 
6/6); clay, silt, and fine-grained Band; claystone 
beds range in thickness from 2 to 5 feet, 

Sandstone: \\'hite (N 9) speckled with brown; fine
grained; well-sorted; composed of subangular, clear 
quartz; rare black accessory minerals; firmly ce
mented; medium-scale crossbeds. 

25. Sandstone: White (N 9) speckled with light brown (5YR 6/4 
to 5YR 5/6), weathering moderate reddish brown (lOR 
4/6); fine- to medium-grained; fair-sorted; composed of 
subrounded, clear quartz; common white and rare black 
and orange accessory minerals; firmly cemented; trough 
crossbedding; forms a rounded and vertical-faced ledge. 

24. Sandstone: White (N 9) to light-greenish-gray (5G 8/1), 
weathering white (N 9) to light greenish gray (5GY 8/1); 
,'ery fine to medium-grained; poorly sorted; composed 
of subrounded, clear quartz; common orange and rare 
white and black accessory minerals; weakly to firmly 
cemented; bedding and lamination are not displayed; 
forms a partly covered slope; common interstitial clay; 
poorly exposed. 

23, Conglomeratic sandstone: White (N 9) speckled with brown, 
weathering grayish orange (lOYR 7/4); fine- to medium
grained; poorly sorted; composed of subangular, clear 
quartz; common white and black and rare orange and red 
accessory minerals; lenses contain granules and pebbles 
composed mostly of white and gray chert; weakly ce
mented; parallel beds, 1 to 15 feet thick, are separated 
usually by thin clay partings; forms a rough, nearly ver
tical cliff; near bottom is a 2-foot unit composed, of clay
stone and sandstone, which is same as unit 28 except that 
it is mostly green. 

22. Sandstone and claystone, interbedded: Unit forms a steep 
slope or , where capped by resistant units, a vertical cliff. 

Sandstone: Light-greenish-gray (5GY 8/1), weathering 
light greenish gray (5GY 8/1) except where coated by 
pink wash from above; very fine to fine-grained; fair
sorted; composed of subangular, clear quartz; com
mon blac k and orange accessory minerals; firmly 
cemented, calcareous; lenticular and slightly wavy 
beds range in thickness from less than 1 inch to 3 
inches. 

Claystone: Dark-reddish-brown (lOR 3/4) and pale
green (lOG 6/2); varies from pure to silty and sandy 
claystone. 

Total Salt Wash Sandstone Member 

Bluff Sandstone: 
21. Sandstone: White (N 9), weathering white (N 9) except 

where covered by pink wash from above; fine-grained; 
well-sorted; composed of subrounded, clear quartz; 
common hlack and orange and rare white accessory 
minerals; weakly cemented, friable; horizontally bed
ded; some crossbeds; contains rare medium to coarse 
grains of well-rounded, frosted quartz. 

20. Sandstone: White (N 9) to 'pinkish-gray (5YR 8/1), mottled 
with light brown (5YR 5/6); weathering white (N 9) to 
pinkish gray (5YR 8/1), mottled with light brown (5YR 
5/6), but paler than unweathered colors; fine-grained; 
well-sorted; composed of subangular, clear quartz; 
common black, white, and orange accessory minerals; 
firmly cemented; 2- to 10-foot-thick beds, alternating 
parallel (25 percent) and crossbedded (75 percent); trough 
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thickness and are transitional along strike; contorted 
bedding in entire unit; forIns a steep slope covered with 
talus at the base of the Entrada Sandstone; very poorly 
exposed, 

Claystone: Dark-reddish-brown (lOR 3/4); clay and 
fine-grained sand; composed of quartz; splits fis
sile; parallel-bedded, laminae average an eighth 
of an inch in thic kness. 

Mudstone: Moderate-reddish-brown (J OH 4/6), 
weathering moderate reddish brown (lOR 4/6); 
abundant very fine to fine-grained quartz in Ii clay 
and silt matrix; splits slightly fissile. 

Sandstone: Pale-reddish-brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4) discolored with 
pale green (5G 7/2) in irregular blotches; silt to 
very fine grained sand; composed of quartz; ral'(' 
accessory minerals; bedding is obscured. 

Sandstone: White (N 9), weathering grayish orange pink 
(lOR 8/2 to 5YR 7/2); very fine grained; composed of 
quartz; common black accessory minerals; rare red 
and orange chert; well-cemented; bedding is obs(,ured; 
nodular con('retionary weathering; forms an indistim't 
ledge. 

Claystone: Dark-reddish-brown (lOR 3/4), discolored with 
spots as much as a quarter of an inch in diameter and 
thin seams of pale green (5G 7/2); sand grains dissemi
nated throughout; well-indurated; splits slightly fissile 
and shaly; forms a poorly exposed slope, 

Covered interval: Probably reddish-brown mudstone; 
forms a bench. 

Mudstone: Moderate-reddish-bl'own (lOR 4/6), weather-
ing moderate reddish brown (lOR 4/6); abundant very 
fine to fine-grained quartz in clay and silt matrix. Unit 
is capped by a 3-inch bed of sandstone, described as fol
lows: moderate-orange-pink (lOR 7/4); very fine \0 
fine-grained; composed of quartz; common black acces
sory minerals; firmly cemented; bedding is obscurerl, 
Unit forms a covered bench; poorly exposed. 

4. Sandstone: Pale-yellowish-orange (lOYR 8/6), weathering 
grayish orange pink (lOR 8/2 to 5YR 7/2); fine-grained; 
composed of rounded to subrounded quartz; common 
black accessory minerals; common white and rare red 
and orange chert; friable to firmly cemented; crossbc·cj
ding in medium-size irregular. units, fluvial appearing; 
weathers blocky; forms a ledge; pink spots, probably 
due to iron staining; limonite nodules give sandstone a 
pisolitic texture; unit is variable in thickness. 

3. Claystone: Dark-reddish-brown (lOR 3/4), weathering 
moderate reddish brown (lOR 4/6); well-indurated; splits 
slightly fissile; weathers hackly; contains thin, irregular, 
green clay seams; forms a very poorly exposed, gentle, 
concave slope, 

2. Sandstone: Pale-red (lOR 6/2 to 5R 6/2), weathering pale 
reddish brown (lOR 5/4); fine- to medium-grained; com
posed of rounded, frosted quartz; common black acces
sory minerals; rare red chert; firmly cemented; very 
low angle crossbeds , laminae t to t inch in thicknessj 
weathers slabby; forms a bench on top of the Navajo 
Sandstone; variable but persistent in thickness. 

Total Carmel Formation 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone (incomplete): 

Top of contact is uneven, truncates Navajo Sandstone crossbeds, 
1. Sandstone: White (N 9) to pale-red (lOR 6/2 to 5R 6/2); 

large, long, sweeping crossbeds. 

5. -Piute Canyon 

East side of Piute Canyon, 7 miles east-northeast of 
Navajo Mountain Trading Post 

25-10.4-10.8 

[Measured by C. A. Repenning and J .. H. Irwin] 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

11. Sandstone: Undescribed. 
UPPER TRIASSIC(?): 

Kayenta Formation: 
10, Sandstone: Same as unit 9; forms series of ledges and 

cliffs. 
Moenave Formation: 

Springdale Sandstone Member: 
9, Sandstone: Pale-red-purple (5RP 6/2); fine- to meclium

grained; fair-sorted; composed of subrounded to sub
angular, clear and white quartz; common mica aC'cC's
sory mineral; argillaceous material; firmly cemented; 
lenticular, thick to very thick bedded; unit is a coset; 
wedge planar and lenticular trough crossbedding, con
cave low-angle and small- to medium-scale crossbeds; 
weathers rounded; forms a rounded and vertical cliff; 
commonly contains mud galls; fluviatile environment; 
base is sharp and irregular. 

8. Sandstone: Grayish-orange-pink (lOR 8/2 to 5YR 7/2)1 
fine- to medium-grained; fair to poorly sorted; ('0111-

posed of subrounded to subangulal', clear quartz; C0111-
mon argillaceous material; well-cemented; lenticular. 
thin- to thick-bedded; unit is a coset; weathers pittpdj 
forms a ledge; forms spring horizon with extensive 
arenaceous travertine deposits; contains sandstonp and 
siltstone pebbles; base is sharp and irregular. 

Total Springdale Sandstone Member 

Dinosaur Canyon Sandstone Member: 
7. Sandstone: Moderate-reddish-orange (lOR 6/6); fil1<'- to 

medium-grained; well-sorted; composed of suhroundC'd 

Ho 

J, 2 

16,4 

11 

5,2 

16. " 

2.0 

175.3 

207 

50 

4 

54 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER T RIASSIC(? )-Continued 
Moenave Formation-Continued 

Dinosaur Canyon Sandstone Member-Continued 
to s~bangular, clear. stained, amber, and white quartz; 
firmly cem('nted; flat, lenticular, thin- to thick-bedded; 
weatl{ers rounded; for111s a rounded cliff; fluviatile en
vironment; base is sharp and irregular with 3 feet of 

Feet 

t'elief. 28 

Total Moenave Formation 82 

UPPER TRIASSIC: 
\\ ingate Sandstone: 

Lukachukai Member: 
G. Sandstone: Moderate-reddish-orange (lOR 6/6); fine

grained; well-sorted; composed of subrounded to sub
angular, stained quartz; firmly cemented; massive; 
unit is a coset; lenticular and tabular planar crossbed
ding. concave high-angle and large-scale crossbeds; 
weathers rounded; forms a rounded cliff; includes abun
dant white chert grains, especially along bedding planes; 
eolian environment; base is sharp and flat. 

Rock Point Member: 
5. Sandstone: Pale-red (5R 6/2 to lOR 6/2); medium-grained; 

well-sorted; composed of subrounded to subangular. clear 
and amber quartz; muscovite accessory mineral forms 
about 10 percent and is concentrated mainly along bedding 
planes; firmly cemented, crystalline calcite; lenticular. 
flat-bedded; plunging and symmetrical trough crossbed
ding. concave low-angle and medium-scale crossbeds; 
w('athers flaggy; forms an irregular slope; contains abun
dant l'onglomeratp beds as much as 4 feet thick; pebbles 
range from 1 to;) inches in size and are composed of sub
I'ounded to subangulal' limestone and sandstone fragments 
of ver~' poor sphericity, long dimension invariably hori
zontal; thickness of this unit was observed to be as much 
as 30 feet; it is ul.>sent in the line of section and channels 
out unit -t; unit has no effect on the base of the Lukachukai 
Member; contains abundant plant remains, apparently 
reed or grass; base is a sharp and irregular channel 
surface that in places has vertical or overhanging walls. 

-t. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 
grained; well-sorted; composed of subrounded to subangu
lar, stained and amber quartz; firmly cemented; mas-
5i\'(', flat, thin- to thick-bedded; unit is a set; weathers 
bloc ky and knobby; forms an irregular cliff; deltaic or 
llossibly fluviatile; base is gradational. 

3. Siltstone: Moderate-reddish-brown (lOR .J/6); well-sorted; 
composed of stained and amber quartz; firl!lly cemented; 

127 

35 

flat, thin- to thick-bedded; unit is a set; wC'athers blocky and 
and hackly; forms an irregular slope; contains ripple 
marks and worm trails; fluviatile and deltaic environment; 
base is sharp and flat. 

Total Rock Point Member 
Tot8.1 \\ ingate Sandstone 

Chmle Formation: 
Owl Rock Member: 

2. SIltstone: Banded \\'ith pall, blue green (5BG 7/2). grayish 
red rut'rle (5RP .J/2), and grayish red (5R .J/2 to lOR 
.'t/2); \\ ell-sorted; unit is a set; weathers hackly; forms 
a l'ovel'l'd slope; base is gradational and irregular. 

1. J irnestone: Pale-red-purple (5RP 6/2); amorphous; thin
to thick-hedded, beds as much as 2 feet thick; weathers 
blol'ky; forms a series of ledges; contains abundant chert 
stringers and balls; base is concealed; base of section, 

81 

116+ 
243+ 

not base of exposure, 10 

Total incomplete Owl Rock Member 17 

6. -Navajo Canyon 

In ~avaJo Canyon at the end of the Navajo Canyon Truck Trail, 
20 miles northeast of Kaibito 

26-2.3-15.4 

[Measured by C, A. Repenning, J. H. Irwin, p, R. Stevens, 
and M. E. Cooley] 

.J!] H,\~~Il' ANlJ TRIASSIC(?): 
:\i-lVct,IO Sandstoo{!: 

14. Sandstone: Undescribed. 
UPl'EH TRIASSIC(?): 

h.ayenta Formation: 
1:30 SIltstone: Undescribed; lenticular. 22 
12. Sandstone: Undescribed; forms a ledge. 82 
11. Siltstone and claystone: Undesc ribed. 49 
10. Sandstone: Undescribed; forms a ledge. 127 

Total Kayenta Formation 280 

Unconformity: 15 to 20 feet of relief. 

Moenave Formation: 
Dinosaur Canyon Sandstone Member: 

9, Sandstone: Moderate-reddish-orange (jOR 6/6); medium
grained; composed of subrounded to subangular, clear 
and amber quartz; well-cemented; lenticularly bedded; 
asymmetrical trough crossbedding; weathers blocky; 
forms a ledge; contains very coarse grains of white 
chert and amber quartz; base is concealed. 11. 2 

8. Sandstone: Moderate-reddish-orange (lOR 6/6); fine- to 
medium-grained; composed of subrounded to Bubangu1ar, 
stained quartz; well-cemented; flat, thin- to thick-bedded; 
unit is a coset; tabular planar crossbedding, Iow- to high
angle and small-scale croBsbeds; weathers blocky; forms 
a ledge; fluviatile environment; base is sharp and irregu-
lar with 3 feet of relief. 11. 2 

UPPER JURASSIC-Continued 
Morrison Formation-Continued 

Salt Wash Sandstone Member-Continued 
32. Sandstone, mUdstone, and conglomerate. interbedded: 

About 30 percent of unit is flat bedded, 40 percent is 
structureless, and 30 percent is crossbedded. 

Sandstone (70 percent of unit): YellowiSh-gray (5Y 
7/2) to grayish-orange-pink (5YR 7/2), weather
ing light brown (5YR 6/4) to rale brown (5YR 5/2); 
very fine to fine-grained; fair-sorted; composed 
of subrounded. clear quartz; feldspar, mica. and 
black accessory minerals; abundant brown limonite 
specks; lenticular sets of flat, laminated to very 
thin bedding; planar and trough crossbedding, very 
low angle and small-scale crossbeds; forms an 
irregular. blocky, vertical ledge. 

Mudstone (10 percent of unit): Similar to unit 28, 
Conglomerate (20 percent of unit): Grayish-oran$e

pink (5YR 7/2), weathering pale brown (5YR 5(2); 
very fine grained sand to t -inch pebbles; composed 
of subangular, clear and stained quartz and quartz
ite; feldspar and black and red accessory minerals; 
some green mudstone pellets; lentiCUlar; stl'ucture
less; low to very low angle and small-scale symmet
rical trough sets; forms irregular. hackly, vertical 

Feet 

faces; some quartz grains show quartz overgrowths. 28 
31. Sandstone. mudstone, and conglomerate, interbedded: 

About 30 percent of unit is flat bedded, 30 percent is 
structureless, and 40 percent is crossbedded; forms a 
flat, crumbly slope on top of unit 30 and is capped by a 
friable, rounded ledge. 

Sandstone (70 percent of unit): Very pale orange (l()YR 
8/2) to yellowish-gray (5Y 7/2), weathering olivp 
gray (5Y 3/2) to pale brown (5YR 5/2); very finc to 
fine-grained; poorly sorted; composed of subanguIal', 
clear quartz; rare mica and black and green acces
S01'y minerals; uniformly distributed brown limonite 
specks; sets of planar and symmetrical trough cross
bedding, low to very low angle and small- to medium
scale crossbeds; forms an irregular, blocky, hackly 
ledge. 

Mudstone (25 percent of unit): Similar to unit 28. 
Conglomerate (5 percent of unit): GraYish-orange-pink 

(5YR 7/2), weathering pale yellowish bt'own (lllYH 
6/2); very fine grained sand to ~-inch pebbles; POOl'

ly sorted; composed of subrounded to subanguIal', 
('leal' quartz; feldspar, mica, and black, red, and 
white accessory minerals; abundant brown limonitl' 
specks; stl'ucture1ess bedding; planar crossbedding, 
low to very low angle and small-scale crossbeds; 
forms an irregular and vertical cliff. 67 

30. Mudstone, predominantly: Undescribed; forms a covered 
slope. 6.5 

29. Sandstone. mudstone. and conglomerate, interbedded: 
Unit consists of apprOXimately 22 beds and grades upwi.ll'll 
from predominantly mudstone and ripple-marked and 
crossbedded sandston(' at the bottom to mudstone, .struL'
tureless sandstone, and conglomerate at the top. 

Sandstone (83 pereent of unit): Yellowish-gray (5Y 8/1) 
and grayish-orange-pink (5YR 7/2), weathedng light 
brownish gray (5YR 6/1) and light brown (5YR 6/~) 
respectively; very fine to coarse-grained; poorly 
sorted; composed of subangulal'. clear and stained 
quartz; feldspar ancl black and red accessory min
erals; lenticular. laminated, and ripple-marked 
sets; symmetrical trough and planar crossbedding, 
low- to medium-angle and small- to medium-sl'ale 
cl'ossbeds' forms an irregular blocky and hackh 
ledge. • " , , 

Mudstone (l5 percent of unit): Similar to unit 28. 
Conglomerate (2 percent of unit): Grayish-orange-pink 

(5 YR 7/2), weathering pale.yellowish brown (lOY R 
6/2); fine-grained sand to t-inch pebbles; p,'bblt's 
are composed of subrounded, frosted quartz and 
quartzite; biotite, feldspar, and red accessory min
erals; contains green mudstone pellets as much as 
half an inch in diameter and some interstitial mud
stone; lenticular sets of structureless 01' laminat('d 
to very thin beds are enclosed by sandstone; forms 
a knobby, etched, vertical cliff. 82 

28. Mudstone: Mottled and banded pale-olive (lOY 6/2) and 
dark-reddish-brown (lOR 3/.J), weathering yellowish gray 
(5Y 7/2) and grayish red (lOR 4/2) respectively; clay to 
very fine grained sand; fair-sorted; composed of sub
rounded to subangular, clear and stained quartz; black 
and white accessory minerals; lenticular laminated ilnd 
structureless beds; weathers to a sn10oth, crumbly, 
puffy, and covered slope. 1,0 

Total incomplete Salt Wash Sandstone Men1b('r 302.5 

Cow Springs Sandstone: 
27. Sandstone: White (N 9) to pale-red (lOR 6/2), weathering 

pale red (lOR 6/2) to pale reddish brown (lOR 5/4); very 
fine to fine-grained; composed of subrounded, clear. 
frosted, and amber-stained quartz; minor black and red 
accessory minerals; some interstitial mudstone; unit 
consists of flat, laminated, slightly crinkled beds; forms 
a massive. vertical cliff; concentration of gYPSUUl in up
per 1 foot of unit; lower contact appears to be an erosion 
surface. 46 

26. Sandstone: White (N 9), weathering pale red (lOR 6/2) and 
pale reddish brown (jOR 5/4); very fine grained; fair- to 
well-sorted; composed of rounded, clear and frosted 
quartz; black and orange accessory nlinerals; rare mud
Btone Beams; wedge simple crossbedding, medium-angle 



7. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; composed of subrounded to Bub
angular, clear and amber quartz; white chert accessory 
mineral; well-cemented; £lat .. bedded; unit is a coset; 
weathers blocky; forms an irregular slope; contains 
ripple marks and worm trails; fluviatile environment. 30 

6. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; composed of subrounded to sub
angular, clear, amber, and stained quartz; well
cemented; unit is a coset; wedge planar crossbedding, 
low- to high-angle and small-scale crossbeds; weathers 
rounded; forms a rounded cliff; contains coarse-grained 
chert; eolian and fluviatile environment; base is sharp 
and flat. 23 

5. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; composed of subrounded to sub
angular, clear, amber, and stained quartz; white chert 
aceessol'y mineral; well-cemented; flat-bedded; unit is 
a coset; asymmetrical trough crossbedding, concave low
angle and small-scale crossbeds; weathers rounded and 
blocky; forms a rounded slope; fluviatile environment; 
base is sharp and flat. 35 

Total Dinosaur Canyon Sandstone Member 110.4 

tiPPER TRL-\SSIC: 
\\ ingate Sandstone: 

1 ukachukai Member: 
~. Sandstone: Moderate-reddish-orange (lOR 6/6); fine

grained; well-sorted; composed of subrounded to sub
angular, clear, amber, and stained quartz; white and 
amber quartz accessory minerals; well-cemented; unit 
is a coset; wedge planar crossbedding, concave low
angle and medium- to large-scale crossbeds; weathers 
rounded; forms a rounded cliff; coarse grains of chert 
and arnber quartz occur along laminae; base is sharp 
and flat. 17 

Rock Point Member: 
3. Conglomerate: Moderate-reddish-orange (! OR 6/6); flat, 

lenticularly bedded; weathers rounded; forms a ledge; 
fluviatile. environment; base is sharp and irregular with 
4- feet of relief. 

Matrix: Medium- grained; poorly sorted; composed 
of subrounded to subangular, amber quartz; well
cemented. 

Pebbles: As much as 1 inch in diameter; cOlnposed 
of amber quartz, gray sandstone, calcite, and black 
and white quartz. 4.0 

2. Sandstone: Moderate-reddish-orange (.lOR 6/6); very fine 
grained; well-sorted; composed of subrounded to subangu
lar, amber quartz; weakly cemented; lenticular, lami
nated to thin-bedded; weathers knobby; forms a ledgy 
slope; fluviatile environment; base is sharp and flat. 60 

Total Rock Point Member 64 
Total Wingate Sandstone 81 

Chinle Formation: 
Owl Rock Member: 

1. Limestone: Pale-red-purple (5RP 6/2), weathering pale 
pink (5RP 8/2). 2.0 

7. -Cummings Mesa 

East side of Cummings Mesa, 25 miles north of Kaibito 
27-1. 0-3, 5 

CPPER JURASSIC: 
:Morrison Formation: 

[Measured by J. D. Lowell] 

Salt \,-ash Sandstone Member: 
34. Sandstone, mUdstone, and conglomerate, interbedded: 

bedding is mostly flat. 
Sandstone (50 percent of unit): Yellowish-gray (5Y 8/1) 

to grayish-orange-pink (5YR 7/2). weathering gray
ish orange pink (5YR 7/2) to light brown (5YR 6/4); 
fine-grained; fair to poorly sorted; composed of 
sub rounded, clear and frosted quartz; feldspar and 
black and green accessory minerals; abundant limo
nite specks; flat, laminated to very thin beds in len
ticular sets; forms a flat, crumbly slope above unit 
33 that is capped by a friable, rounded ledge. 

Mudstone (30 percent of unit): Mostly red; similar to 
unit 28. 

Conglomerate (20 percent of unit): Very pale orange 
(lOYR 8/2), weathering grayish orange pink (5YR 
7/2); fine-grained sand to 2-inch pebbles; composed 
of subrounded, clear and frosted quartz; feldspar, 
mica, diorite, and black and white accessory min
erals; abundant brown limonite specks; very thin 

\ beds in irregular lenticular sets. 31 
33. Sandstone, mudstone, and conglomerate, interbedded: 

Entire unit is capped by a less resistant unit and its 
upper surface forms the principal topographic break in 
the Salt Wash Sandstone Member exposure, which in other 
places is a continuous vertical cliff below this horizon. 

Sandstone (63 percent of unit): Very pale orange (lOYR 
8/2), weathering grayish orange pink (5YR 7/2); very 
fine to fine-grained; fair-sorted; composed of sub
rounded, clear quartz; feldspar and black and green 
accessory minerals; abundant limonite specks; con
tains sets of lenticular trough crossbedding, low to 
very low angle and small-scale crossbeds; partly 
structureless; forms a friable, blocky ledge. 

Mudstone (35 percent of unit): Predominantly red; 
similar to unit 28. 

Conglomerate (2 percent of unit): Similar to conglom-

erate in unit 32. 87 

a.nd medium-scale crossbedsj forms a massive, smooth 
cliff; eolian environment. 58 

25. Sandstone: Pale-red (lOR 6/2), weathering pale reddish 
brown (lOR 5/4); very fine to fine-grained; fau'-Ho11ed; 
composed of subrounded, amber-stained quartz; rare 
black accessory minerals; some interstitial mudstone; 
laminated to very thin bedded; lenticular sets of trough 
and simple crossbedding, high-angle and medium-scale 
crossbeds; crossbedding resembles that in the upper 
part of the Navajo Sandstone; forms a rounded, vertical 
cliff, 37 

Total Cow Springs Sandstone 141 

Summerville Formation: 
24. Sandstone: Grayish-light-red (lOR 4/2) to moderate

reddish-brown (lOR 4/6); very fine to fine-grained; 
fair-sorted; composed of subrounded, frosted and amber~ 
stained quartz; rare black and white accessory minerals; 
interstitial mudstone; some pseudocrossbedding; lentic
ular sets of symmetrical trough crossbedding, low-angle 
and small-scale crossbeds; forms a smooth, vertical 
cliff. 45 

23. Covered interval: Probably weakly cemented sandstone. 20 
22. Sandstone: White (N 9) to pale-reddish-hrown (lOR 5/4); 

very fine to medium-grained; poorly sorted; composed 
of subrounded, clear and amber-stained quartz; rare red, 
green, and black accessory minerals; interstitial mud
stone; half 'of unit contains pale-red dish-brown (lOR 5/4) 
bands composed of horizontal and pseudocrossbedded lay
ers, and other half contains white (N 9) bands composed 
of pseudocrossbedded and crossbedded layers; lenticular 
sets of symmetrical trough crossbedding, low-angle and 
small-scale crossbeds; forms a smooth, rounded, ver-
tic al cliff. 61. 5 

21. Sandstone: Pale-reddish-brown (jOR 5/4); fine- to medium
grained; fair to poorly sorted; composed of subrounded 
amber-stained quartz; minor black and white accessory 
minerals; flat, laminated to very thin bedding in lower 
part grading upward to lenticular crossbedding at the top; 
low to very low angle and small- to medium-scale cross
beds; unit forms a smooth, vertical cliff; lower contact 
is a possible erosion surface and is marked by a large 
slump of unit 21 into unit 20 and by several small faults. 37 

20. Sandstone: White (N 9), weathering light gray (N 7); fine
to medium-grained; fair-sorted; composed of rounded, 
clear, frosted, and amber-stained quartz; blacks red, 
and yellow accessory minerals; weakly cemented, cal
careous and ferruginous; wedge simple crossbedding, 
medium-angle and large-scale crossbeds; forms a 
smooth, rounded, vertical cliff; eolian environment; 
base is gradational. 39 

19. Sandstone: Light-brown (5YR 6/4), weathering very light 
brown; silt to medium-grained sand; poorly sorted; com
posed of subrounded, amber-stained quartz; some inter
stitial mudstone near the bottom, grading upward to a 
clean crossbedded sandstone at the top; forms a rounded 
cliff; fluviatile environment. 22 

Total Summerville Formation 224.5 

Entrada Sandstone: 
18. Sandstone: Light-brown (5YR 6/4), weathering very light 

brown; very fine to fine-grained; fair-sorted; composed 
of subrounded, amber-st.ained quartz; rare black and 
white accessory minerals; slightly friable; simple cross
bedding, medium-angle and medium- to large-scale 
crossbeds; forms a smooth, rounded cliff; base is 
gradational. 57 

17. Sandstone: Moderate-reddish-brown (lOR 4/6); silt to fine
grained sand; poorly sorted; composed of subangular, 
amber-stained quartz; minor black accessory minerals; 
slightly friable; cemented with calcite and interstitial 
mudstone; lenticular sets of planar crossbedding, very 
low angle and medium-scale crossbeds; forms a rounded 
cliff; base is gradational. 28 

16, Sandstone: Light-brown (5YR 6/4), weathering very light 
brown; very fine grained; fair-sorted; composed of sub
rounded, amber-stained quartz; rare black and white 
accessory minerals; calcareous and ferruginous cement; 
sets of planar crossbedding, medium- to high-angle and 
medium-scale crossbeds; weathers to a smooth, rounded 
cliff; white (N 9) bed at top, I foot thick. 3.0 

15. Sandstone: Light-brown (5YR 6/4), weathering very light 
brown; very fine to fine-grained; poorly sorted; composed 
of subrounded, amber-stained and clear quartz; rare feld
spar and black accessory minerals; lenticular sets of pla
nar crossbedding, low-angle and small-scale crossbeds; 
forms a hackly, vertical cliff. .5 

14. Sandstone: Light-brown (5YR 6/4), weathering very light 
brown; fine-grained; fair-sorted; composed of subround
ed to subangular, amber-stained quartz; rare black and 
white accessory minerals; weakly cemented, calcareous 
and ferruginous; structureless and lenticular crossbedded 
sets, interbedded; wedge planar crossbedding, low-angle 
and small- to medium-scale crossbeds; forms a massive, 
rounded, vertical cliff; base is gradational. 199.5 

13. Sandstone: Composed of two white (N 9) beds and one pink 
bed; very fine to fine-grained; fair-sorted; composed of 
rounded, clear quartz; rare black, red, and green acces
sory minerals; very thick, flat-bedded, partly structure-
less; forms a massive, smooth, rounded cliff. 35 

12. Sandstone: Light-brown (5YR 6/4), weathering very light 
brown with some thin white (N 9) banding; very fine 
grained; fair-sorted; composed of subrounded, amber
stained quartz; rare black and white accessory minerals; 
weakly cemented, calcareous and ferruginous; structure
less; forms a partly covered, crumbly slope; base is 
concealed. 61. 5 

Total Entrada Sandstone 384. 5 

96 



'l\lbh' J. --Selected stl'atigraphic sections in the Navajo and Hopi Indian Heservations, Arizona 1 New Mexicu, and Utah-Continued 

Ul'Pi<:H AND MIllIlLE JURASSIC: 
Cal'l1H'l Furmation: 

11. Mudstune: Samp as unit U except tl1at it cuntains some 
intel'bpdded mottled brown and gray beds and very fine 
grained sandstone. 

10. Sandstone: Light-olive-gray (5Y Gil). weathering white 
(N U); very fine grained; fair-sorted; composed of sub
'lnguhl' clear quartz' l'are black accessory minerals· 
rirml~' ~l'mellted; thic'k-bE'dded; stl'ucturcll;ss; forms 'a 
massivp, smooth diff. 

B. Mudstone: Ivloderate-l'eddish-brown (lOR 4/6) to light
Ul'0\\,11 (5YR 5/0), weathering pale reddish brown (lOR 
5/-U; rl10stly silt; wt'akly cemented; flat, laminated beds; 
fUl'I1lS a partly ('oveI'l~d, smooth, crumbly slope. 

8. Sandstone: \\'hitt' (N H), weathering light olive gray (5Y 
fJ/ 1); filH'-grained; fair-sorteu; composed of subangu
lar, frosted quartz; rare mica and black accessory min
erals; planar crossbpdding, low-angle crossbeds; weath
t'l'S hackly, flaggy, and etched; forms a ledge. 

7. Sandstone: Light-brown (5YR 6/.J: to 5YR 5/6); very fria
ble; forms i.l crumbly slupf'; similar to unit 2. 

G. Sandstone: Moderate-reddish-brown (lOR 4/6), weathering 
moderate reddish onl.11ge (lOI{ 6/6); fine-grained; well
sOl'ted; compused of l'ounded, amber-stained quartz; 
ra1'e mica and black accessory minerals; flat-bedded; 
w('athers flaggy and hackly; f~rms a slope that grades 
upwal'd into a ledge. 

5. Sandstone: Similar to unit 3. 
... l, Sandstone: Similar to unit 2. 
:3. Sandstone: Light-brown (5YR 6/4), weathering palE' yel

lowish bI'own (lOYR 6/'2); medium-grained; fair-sorted; 
compused of subangulal', clear and amber-stained quartz; 
I'Ul'e \',;hite accessory minerals; well-cemented; lami
nated; medium- to l;igh-angle crossbeds; forms a round
ed ledge. 

'J Sandstone: Moderate-reddish-brown (lOR 4/6) to light-
01'OW11 (5YH 5/8); very fine grained; fair-sorted; com
posed of l'lJunded, amber-stained quartz; structureless; 
fOI'ms a crumbly slope. 

Total Carmel Formation 

JCH,\SSIC ~'\KD TRHSSIC(?): 
X~n-aj() Sandstone (incomplete): 

1. Sandstone: 1 ight-bl'own (5YR 5/6), weathering light brown 
(5YR 6/4); fine- to medium-grained; poorly sorted; com
posed of rounded, frosted and amber-stained quartz; rare 
feldspar and black accessory minerals; wedge crossbed
ding, high-angle and large-scale crossbeds; forms a 
I'ounded cliff. 

B. -Kecthla Valley 

:\orth side of Black Mesa, 5~ miles east of Cow Springs 
Trading Post 
57-13.7-6.0 

[IHea:->ut'ed by G. A. \\ illiams 1 

Cl'f'EH CRET.-\l'EOCS: 
T()l't'\'a F()J'mation: 

41). Sandstone: Grayish-~·ellO\\· (5Y 8/4). weathering grayish 
y(:'lluw (5Y 8/4); \"l'I'Y fint' grained; calcal'eous cement; 
thll'k-oeckied; simple crossbedding, medium-scale 
lTossbeds; splits siabby; forms a smooth ledge; com
m()nl~' l'ontalns yellowish-brown iron nuggets of various 
shapes; plant fragments and pelecypods. 

3~J. SiltstunE': I i~ht-uliV('-fray (5Y 6/1), weathering yellowish 
gt·a)· (SY 8(1 to 5Y 7 2); silt; calcareous cement; thin
bpddl'd; sirnplt' and t1'ough crossbedding, medium-se-alt' 
cl'()sslwds; sflhts slabby; weathers smooth; forms a 
Ipdgl'; channE'l~d; plant fragments and molds. 

38, 1 19mtl' and cual: C()ntulns vel'y thin bone, 
:;;7. Cuncealeci 1l1te1'val. 
3(j. Sandstone: Yellowish-STay (5Y 8/1 to 5Y 7/2), weathering 

.Yl'llowish gt'ay (SY 8(1 to 5Y 7/2); fine-gI'ained; calcal'
t'()US cement; thin-bedded; simple and trough l' rossbed
dIng, medium-scale crossbeds; splits slabby; weathers 
sf1Io()th; forms a ledge; channeled; plant fragments and 

35. 
:14. 

:Jl. 

oil. 

2U. 
28. 

~7 . 

molds. 
CUI1l'l!aled interval. 
Sandstonf:': YellowlSh-~l'ay (5Y 8/1 to 5Y 7/2), weathering 

.VE.:llnwish gray (.5Y 8/1 to 5Y 7/2); vel'y fine grained; 
calcareous cement; thin-bedded; simple and trough 
crossbedding, medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; plant frag
nwnts and molds. 

C()ul. 
Siltstone: Lifht-olive-fray (5Y 6/ I), weathering yellowish 

gray (ij Y S 1 to 5 Y 7 2); silt; calcareous cementj thin
hl'dut'd; simple and trough crossbedding, medium-scale 
crosshedsj splits slabby; weathers smooth; forms a 
If:'dge; channeled; plant fragments and molds. 

Sandstone: Yellowish-!lray (5Y 8/1 to 5Y 7/2), weathering 
yellowish gray (5Y 8(1 to 5Y 7/2); very fine grained; 
calcareous cement; thin-bedded; simple and trough 
crossbedding, medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; some thin 
layers or shale; plant fragments and molds. 

Mudstone: Light-olive-gray (5Y 6/1); clay and Silt; cal
('ax-pous cement; contains some coal; lignite. 

Coal: V\'eathered. 
Siltstone: Light-greeniSh-grar (5GY 8/1), weathering yel

lowish gray (5Y 8/1 to 5Y 7 2); silt; calcareous cement; 
t.hin-bedded; simple and trough crossbedding, medium
scale crossbeds; splits slabby; weathers smooth; forms 
a ledge; channeled; plant fragments and molds. 

Salldstone: Pale-greenish-yellow (lOY 8/2), weathering 
yellowish gmy (5Y 8/1 to 5Y 7/2); very fine grained; 
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UPPEH CRETACEOUS-Continued 
Tareva Formation-Continued 

thInly laminat.ed, (lat-bedded; splits fissile; weathers 
smooth; forms a slope; plant fragments and imprints. 

3. Sandstone: Grayish-yellow (5Y 8/4), weathering yellOWish 
gray (5Y 8/1 to 5Y 7/2); fine-grained; thin-bedded; in(Ji
cates much reworking with sand-filled channels; splits 
slabby; weathers smooth; forms a ledge; r:oncretions; 
commonly contains ovoid yellowish-red iron ('oncI'etions 
in upper part of unit; plant fl'agments, molds, and im-

Feet 

prints. :d:j 
2. Carbonaceous siltstone: Light-hrownish-gray (5YR 6/1), 

weathering dark gray (N 3); flat, thinly laminated; splits 
fissile; weathers smooth; forms a slope; plant frag-
ments and imprints. 2:1 

1. Sandstone: White (N 9) to orange-pink, weathering yellow
ish white; medium- to coarse-grained; calcareous ce
ment; thick-bedded; simple crossbedding, medium
scale crossbeds; splits massive; weather·s smooth; 
forms a cliff; iron zone at 60 feet; commonly contains 
ovoid yellowish-red iron concretions; plant fragments 
and molds. U2 

Total Toreva Formation 874 

DlST HIC'T 3 

9. -Lees Ferry 

A. -Echo Cliffs, north side of Colorado River, half a mile 
north of Lees Ferry 

29-4.5-8.5 

[Measured by J. T. Callahan] 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

18. Sandstone: Grayish-orange (10YR 7/4), weathering yE:'l
Imvish gray (5Y 8/1 to 5Y 7/2); very fine to fine-grainpd; 
splits friable; thin-bedded; large-scale crossbeds; 
weathers smooth; forms a cliff; contains sandstone l'O/1-

cretions ! to 6 inches in diameter. 750----
17. Sandstone: Light-brown (5YR 6/4 to 5YH 5/6); fin('-

grained; thin-bf:'dded; medium-scale crossbecls; weath-
ers smooth; forms an irregular ledge. lS 

16. Sandstone: Dark- reddish- brown (lOR 3/4); very fine 
grained; weakly cemented; flat, very thin bedded; weath-
ers smooth and rounded; forms a slope. 1. {) 

15. Sandstone: Very pale orange (lOYR 8/2), weathering light 
gray (N 7); fine-grained; splits friable; flat, thin-bedded; 
weathers smooth; forms a ledgE:.'. 5.0 

14. Sandstone: Moderate-red (5R 5/-1), weathering dusky brO\yn 
(5YR 2/2) to black (N 1); fine-grained; weakly cemenil·d, 
calcareous; splits friable; \-pry t1un bedded; large-scale 
cl'ossb('cls; forms a cliff; contains sandstone concretions 
half an inch in diameter. 53 

Totul Navajo Sandstone 

UPPER THIASSIC(?): 

Kayenta Formation: 
13. Sandstone: Pale- I'eddish- bI'own (10 R 5/4); \~l'ry fine 

gl'ainl'd; highly calcareous cement; flat, \'Pl'y thin bed
ded; weathers rough and irregular; forms a ledge; top 

824-

1 foot contains sandstone concretions. 3, () 
12. 

II. 

Ill. 

8. 

Sandstone: Pale-reddish-brown (lUH 5/-!); very fine 
grained; calcareous cement; flat, very thin to thin
bedded; small-scale C'rossbeds; wpathers smooth, 
rounded, and blocky; forms a ledge. 23 

J irnestonp: Grayish-orange-pink (lOR 8/2); finely crystal-
line' flat very thin beddf'ci' weatlwrs rough and blocky' 
for~1s a ledge:' , , . ;) 

Sandstone: Pale-I'eddish-bl'own (lOR 5/.J:); very fine 
grained; highly calcareous cement; flat, thin-bedded; 
weathers smooth and blocky; forms a cliff; uppet' 2 fed 
of unit is gray sandstone. 33.5 

Sandstone: Moderate-reddish-browl1 (lOR 4/6); \'el'Y fine 
grained; massive; weathel's smooth and rounded; forms 
a slope. :1.11 

Total Kayenta Formation 65 

Moenave Formation: 
Springdale Sandstone Member: 

8. Sandstone: Pale-reddish-bl'own (lOR 5/4); fine-grained; 
firmly cemented· large-scale crossbeds· weathers 
smooth and blocky; forms a cliff; botton'; !l [('('t contains 
lenses of mudstone-pellet conglonlE'rate. 36 

7. Sandstone: Moderatp-reddish - brown (lOR .J: /6); vt'r~' firw 
grained' weakly cemented· small-scale crossbt.'ds' 
weather's rough and irreg~lar; forms a slope; top 3 
inches of unit is mudstone; contains thin wedges of 
sandstone. 18 

Total Springdale Sandstone Member 54 

Dinosaur Canyon Sandstone Member: 
6. Sandstone: Pale-reddish-brown (lOR 5/.J:), weath£'ring 

dark reddish brown (lOR 3/4) to black (N 1); fine
grained; firmly cemented; very thin bedded; medium
and larg£'-scale crossbeds; weathers smooth and blocky; 
forms a cliff; bottom 10 feet of unit contains mUd-pdld 
conglomerate interbedded with fine-grained sandston€'. 105 

5. Sandstone: Pale- reddish-brown (lOR 5/4); very finc to 
fine-grained; very thin bedded; simple and trough cross
bedding, medium-scale crossbeds; weathers smooth and 
blocky; forms a cliff; top of unit contains bleachE'd 
streaks. 62 

4. Sandstone: Pale-reddish-brown (lOR 5/4), weathering 
pale reddish brown; very fine grained; flat, very thin 
bedded; medium-scale crossbpds; w£'atiwl's smooth and 
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calcareous cement; thin-bedded; simple and trough 
crossbedding, medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; plant frag-
ments and Inoids. 

Siltstone: Li,ht-olive-~ray (5Y 6/1), weathering yellowish 
gray (5Y 8 1 to 5Y 7/2); silt; calcareous cement; thin
bedded; simple and trough crossbedding, medium-scale 
crossbeds; splits slabby; weathers smooth; forms a 
ledge; channeled; coal in upper 3 feet of unit; plant frag-
ments and molds. 

Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2), weathering 
yellowish gray (5Y 8/1 to 5Y 7 2); very fine grained; 
calcareous c eluent; tpin-bedded; simple and trough 
crossbedding l medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; plant fragments and 
11loids. 

(,laystone: Light-olive-gray (5Y 6/0, weathering yellow
ish gray (5Y 8/1 to 5Y 7/2); thin-bedded; simple and 
trough crossbedding l medium-scale crossbeds; splits 
slabby; weathers smooth; forms a ledge; channeled; 
plant fragments and molds. 

Lignite: Gl'aj'iSh-brown (5YR 3/2), weathering yellowish 
gray (5Y 8 1 to 5Y 7/2); thin-bedded; simple and trough 
crossbedding, medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; contains 
c?aI; plant fragments and molds. 

Siltstone: Light-gray (N 7), weathering yellowish gray 
(5Y 8/1 to 5Y 7/2); silt; thin-bedded; simple and trough 
crossbedding J luedium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; much of unit 
is concealed; plant fragments and molds. 

Coal. 
Siltstone: Dusky-yellow (5Y 6/4), weathering yellowish 

grao' (5Y 8/1 to 5Y 7/2); silt; thin-bedded; simple and 
trough crossbedding. medium-scale crossbeds; splits 
slabby; weathers smooth; forms a ledge; channeled; 
plant fragments and molds. 

Sandstone: Grayish-yellow (5Y 8/4), weathering yellOW
ish gray (5Y 8/1 to 5Y 7/2); fine-grained; thin-bedded; 
simple and trough crossbeddingJ medium-scale cross
beds; splits slabby; weathers smooth; forms a ledge; 
channeled; plant fragments and molds. 

Siltstone: Grayish-yellow (5Y 8/4), weathering yellowish 
gray (5Y 8/1 to 5Y 7/2); silt; calcareous cement; thin
bedded; simple and trough crossbeddingJ medium-scale 
crossbeds; splits slabby; weathers smooth; forms a 
ledge; channeled; concretions; plant fragments and 
molds. 

('oal. 
Siltstone: Yellowish-gray (5Y 8/1 to 5Y 7/2) to moderate-

yellowish-brown (lOYR 5/4), weathering yellowish gray 
(5Y 8/1 to 5Y 7/2); silt; thin-bedded; simple and trough 
crossbedding. medium-scale crossbeds; splits slabby; 
weathers smooth; forms a ledge; channeled; plant frag-
ments and molds. 

Coal. 
Siltstone: Light-gray(N 7), weathering yellOWish gray 

(5Y 8/1 to 5Y 7/2); silt; calcareous cement; thin-bedded; 
simple and trough crossbedding. medium-scale croSS
beds; splits slabby; weathers smooth; forms a ledge; 
channeled; plant fragments and molds. 

Sandstone: Moderate-yellowish-brown (lOYR 5/4), weath-
ering yellowish gray (5Y 8/1 to 5Y 7/2); fine-grained; 
thin-bedded; simple and trough crossbedding, medium
scale crossbeds; splits slabby; weathers smooth; forms 
a ledge; channeled; sandstone is capped by an iron layer; 
plant fragments and molds. 

Siltstone: Dark-yellowish-brown (lOYR 4/2), weathering 
yellowish gray (5Y 8/1 to 5Y 7/2); silt; thin-bedded; 
simple and trough crossbeddingJ medium-scale cross
beds; splits slabby; weathers smooth; forms a ledge; 
channeled; plant fragments and molds. 

Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2), weather
ing yellowish gray (5Y 8/1 to 5Y 7/2); very fine grained; 
thin-bedded; simple and trough crossbedding, medium
scale crossbeds; splits slabby; weathers smooth; forms 
a ledge; plant fragments and molds. 

Siltstone: Olive-gray (5Y 4/1), weathering yellowish gray 
(5Y 8/1 to 5Y 7/2); silt; calcareous cement; thin-bedded; 
simple and trough crossbeddingJ medium-scalei'crossbeds; 
splits slabby; weathers smooth; forms a ledge; channeled; 
plant fragments and molds. 

O. Siltstone(?): Grayish-yellow (5Y 8/4), weathering yellowish 
gray (5Y 8/1 to 5Y 7/2); fine-grained; calcareous cement; 
thin-bedded; simple and trough crossbedding, medium
scale crossbeds; splits slabby; weathers smooth; forms 
a ledge; channeled; plant fragments and molds. 

8. Siltstone: Light-olive-gray (5Y 6/1), weathering yellowish 
brown; silt; thinly laminated. flat-bedded; splits fissile; 
weathers smooth; forms a slope; plant fragments and 
imprints. 

7. Sandstone: Dark-yellowish-browI) (lOYR 4/2), weathering 
yellowish gray (5Y 8/1 to 5Y 7/2); very fine grained; 
thin-bedded; simple and trough crossbedding, medium
scale crossbeds; splits slabby; weathers smooth; forms 
a ledge; channeled; plant fragments and molds. 

6. Siltstone: Medium-dark-gray (N 4), weathering yellowish 
brown; silt; thinly laminated, flat-bedded; splits fissile; 
weathers smooth; forms a slope; plant fragments and 
imprints. 

5. Sandstone: Grayish-yellow (5Y 8/4), weathering yellowish 
gray (5Y 8/1 to 5Y 7/2); medium-grained; calcareous 
cement; thin-bedded; simple and trough crossbedding, 
medium-scale crossbeds; splits slab by; weathers smooth; 
forms a ledge; channeled; plant fragments and molds. 

4. Siltstone: Light-olive-gray (5Y 6/1) and pale-yellowish
orange (lOYR 8/6), weathering yellowish brown;· silt; 
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rounded; forms an irregular cliff; contains zones of 
ripple-marked and mud-cracked surfaces. 

3. Sandstone: Moderate-reddish-brown (lOR 4/6), weath
ering dark reddish brown (lOR 3/4); very fine grained; 
firmly cemented; thin-bedded; large-scale crossbeds; 
weathers smooth and blocky; forms a cliff. 

2. Conglomerate: Yellowish-gray (5Y 8/1 to 5Y 7/2), weath
ering light brown (5YR 6/4) to light gray (N 7); thin
bedded; weathers smooth; forms a ledge. 

Matrix: Composed of medium-grained silty sand
stone; firmly cemented, calcareous. 

Gravel: Red chert pebbles, subrounded to angular, 
7 to 50 mm in diameter; limest"one pebbles, sub
rounded. less than 25 mm in diameter; colorless 
quartz granules, well-rounded. 

Total Dinosaur Canyon Sandstone Member 
Total Moenave Formation 

UNCONFORMITY: Forms an erosion surface, contact sharp and 
undulating; depressions 1 foot deep on top surface of Chinle 
Formation. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
1. Siltstone: Moderate-reddish-brown (lOR 4/6); silt; cal

careous cement; massive; weathers irregular and 
rough; forms a slope; contains abundant green spots; 
top of unit is bleached light grayish green. 

B. -Echo CliffsJ south of Colorado River, 1 t miles southwest 
of Lees Ferry 
29-5.5-10.2 

[Measured by J. P. Akers and M. E. Cooley] 

UPPER TRIASSIC(? ): 
Moenave Formation: 

Dinosaur Canyon Sandstone Member: 
22. Sandstone: Moderate-reddish-orange (lOR 6/6); very fine 

grained; well-sorted; composed of subrounded to sub
angularJ stained quartz; firmly cemented, calcareous; 
flat-bedded; forms an irregular ledge; contains abun
dant subrounded to subangular pebbles less than half an 
inch in diameter at base of unit; base is gradational. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
21. Siltstone: Pale-red (lOR 6/2); weakly cemented, calcar

eous; flatJ very thin bedded; forms a regular slope; 
base is gradational. 

20. Limestone: Moderate-yellowish-brown (lOYR 5/4) to 
pale-red (lOR 6/2) and pale-red-purple (5RP 6/2); con
tains chert pockets and concretionary limestone; unit 
is mostly covered. 

19. Limestone and limy siltstone: Composed chiefly of lime
stone nodules as much as 3 inches in diameter cemented 
in a limy siltstone matrix; unit is mostly covered; base 
is covered. 

Total Owl Rock Member 

Petrified Forest Member: 
18. Siltstone: Pale-red (lOR 6/2); silt; weakly to firmly ce

mented, calcareous; very thick bedded; forms a rolling 
slope; base is gradational. 

17. Sandstone: Light-brown (5YR 6/4) to gray; medium- to 
coarse-grained; fair-sorted; composed of rounded to 
subrounded J clear, stained J and frosted quartz; black 
accessory minerals; weakly to firmly cemented. cal
careous; irregular, thick to very thick bedded; unit is 
a coset; wedge simple crossbedding. low- to high-angle 
and small- to medium-scale crossbeds; weathers round
ed; forms an irregular ledge; base is gradational. 

16. Siltstone: Same as unit 10. 
15. Sandstone: Same as unit 11. 
14. Siltstone: Same as unit 10 except somewhat sandier. 
13. Sandstone: Same as unit 11; conglomerate stringers near 

base same as conglomerate of unit 12. 
12. Siltstone: Same as unit 10; contains 1 lenticular bed of 

gray conglomerate 2 feet thick; conglomerate is com
posed of angular quartz, angular limestone, and sand
stone pebbles less than 3 inches in diameter; matrix 
is sandstone. 

11. Sandstone: Grayish-purple (5P 4/2); medium- to coal'Se
grained; fair-sorted; composed of rounded to subround
ed J clear. stained. and frosted quartz; mica and black 
accessory minerals; weakly to firmly cemented, calcar
eous; irregular, lenticular J thin to very thick bedded; 
unit is a coset; wedge simple, planar. and trough cross
bedding, low- to high-angle and small- to medium-scale 
crossbeds; weathers rounded; forms an irregular ledge; 
base is gradational. 

10. Sandy siltstone: Grayish-purple (5P 4/2); silt to fine
grained sand; poorly sorted; composed of rounded to 
subrounded, clear, stained, and frosted quartz; mica 
and black and red accessory minerals; firmly cemented, 
calcareous; irregularly bedded; unit is a coset; wedge 
simple and planar crossbedding, low-angle and medium
to large-scale crossbeds; weathers fluffy; forms a roll
ing slope; contains several thin sandy lenses same as 
unit 9; abundant limestone nodules near top; unit becomes 
sandier toward the top; abundant Unio(?) fossils at one 
horizon in middle of unit; base is gradational. 

9. Sandstone: Light-brown (5YR 6/4); very fine to medium-
. grained; poorly sorted; composed of rounded to sub

rounded, clear, stained, and frosted quartz; mica and 
black, red, and rare green accessory minerals; weakly 
to firmly cemented J calcareous; irregular, lentiC'ular J 
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'l'ablt, :3. --S('h,(,tpd stratigl'tlpilit, :wdions in til£' Navajo and Hopi Indian I{{'sel'vations, Arizona, New Mexico, and Utah-Continued 

lil1llEH'l'HIASSIl'-l'()ntlllUl'd Fpet 
Cllinll' 1,'ul'mati()l1-Contillul'u 

Pt't t'ifit'd F(ll't'st Ml'l1llH'I'-Cuntinut'd 
thit,).;: to Vt'I'y thick lwddpd; unit is a cmwt; wt'dge trough 
('l'(}ssbedding, lo\\,- to high-angle and l11l'dium-scale 
(,I'osslH'tls; w('atlll'I'5 blu('k;\-'; fot'ms an irregular ledge. 

H. I\!lUtistUlH': I ight-bl'own (5YH 6(4) and grayish-purple (5P 
.. /2) stl't'aks; poorly Cl'llH'llteu, calcareous; lentic;ulal', 
vt't''y thi(,k beddt'd; wl'athl'l's fluffy; forms a l'olling 
slopl'. 180 

7. SiltstLHw: GI'a~'ish-put'plt, (5P 4/2); SOl11(' clay; weakly 
t't'llwntt'd, calt'al'l'ous; Vt'l'Y thick lH'dd('ci; wt'atile-rs 
fluffy; forms U l'l'gulal' sloW'; contains sevet'al resist
ant it'HSl'S of sanListolll' same as unit 6; base is gl'ada-
tiullal. 32 

G. Sant!stuill': l,ight-bro\\,llish-gl'ay (5YR G/l); fille- to me
dium-gl'aillPd: fail'-SOl'tl'd; composed of deal', stained, 
and frosted quuI'tz; g1'l'l'n accessory minel'als; firmly 
l'l'lllt'lltl'd, cakGl'pous; il'l'egular, lenticular} very thin 
to tllin-bpddt'd; unit is a l'OSt't; pseudo('rossbedding; 
wl'atht'l'H blueky; forms an irregular slope; base is 
gl'atlatwl1al. 11 

S< Sandstolll' and siltstone: Pale-red (lOH 6/2) to yellowish
gl'ay (5Y 8/1); silt and filH' to very coal'!W grained sand; 
poul'ly sorted: C'umpost'd of roundE:'d tll subrounded, clear, 
stailll'd, :lnd fl'nstpd qual'tz; green accessory minerals; 
wl'akly to firml\' l'l'mt'ntt'd l'alcal'('olls' irregular len
tkula~', tllicK to vl'ry thiek' lwddt'd; wedge trough :'1'OSS
lll'dding, medium- to huge-scale C'rossbeds; weathers 
l'uun(lt>d, blocky, and pitted; forms an il'l't'gular ledge; 
nut,tll of Sl'ctiOtl unit is split into two P<ll'ts by a wedge 
uf siltstone; south of Sl'l't10[1 unit is very it'l'egular and 
t'unsists of altel'tlations of sandstone and siltstone; some 
\Wl'1l(lnS of sandstolll' l'untGin stippled l'I'l'am-colorpd 
l'onglunll'l'at('; bLlSl' is gl'adational. 48 

4, ~\ludstLlt1t': GrayislI-orangl'-pink (lOH 8/2) to light-bluish
gl'ay (3B 7/1) and moclPl'ate-orange-pink (SYR 8/4); firm
ly l'l'tlll'nted, ('cilVal'eou.s; vel',)' thil'k bedded; wE'athel'S 
fluffy; l'011t31115 l'esistant sandstolH' lenses at 35 and 7U 
fpd 'abovl' the buttom, and nUl1Wl'OUS smull sandstone 
lensl's about 4 inches thick and 10 feet long throughout 
unit; some sandstune lenst'5 ,;oin togethl'l' at low angles; 
l'otltains some c,mg;lOI1H'l'atl'; base is gradational. 104 

:3. COllglomeratE': Palp-blut' (SPB 7/2); vpry thick bedded; 
\\"['Uth(,1'5 smuoth, l'ound('d, and fluffy; grades upward 
wtu silty sandst')IH'; bilSl' is gradational. 

:\latl'ix: l\ll'diulll- tu ('oal'sl'-gl'ained; poorly sorted; 
('omposP(1 of J'oundpd, l'leal', stailwel, anel frosted 
quul'tZ. 

Gl'uvl'l: Composeel of subl'ounded clwl't and jaspel' 
pebbles less thUll 1 ~ inches in diametpl'. -In 

Total Pl'11'1fipd Forest Membel' 70B 

Shinal'ump ~Il'mbl"T: 
2, ('()llgl()nH~l'atil sanustotH': Yt'llowish-gray (SY 8/1); unit 

is a coset; \\,pclgt' and tabular simple and tl'ough l'r055-
twdding, l'OnCa\rp lo\\,- to high-angle and small- to large
scalE-' l'l'ossbeds; \\'('at\1<.'1's blocky; commun honeycomb 
\\'l'athl'l'lng; f01'l1ls a v(,l'tit'al cliff; unit becomes platy 
and silty neal' t()P; l'ontLlins petrifipd logs, onp of which 
is 3 fed in diameter and SO fE'pt in length; base is sharp 
and il'l'l.'gulal'. 

;';latdx: FlIw to Vl'l')" coal'se grained; pool'ly sorted; 
('omposl'd of l'uumlpd to subrounded, cleal', stainpJ, 
and fl'ostt'd quul'tz; mica accessory mineral. 

GI';1v01: Composl'd of well-rounded quartz and quartzite 
IH'bbll's, and angular limestone and mudsto!1(' frag
m('nts as llIut'h as G in('\1t'5 in dianwll'I'; gl'avpl is 
ulint'd in stringt'l's and thick lenses. 30+ 

Total Chil\lt> Fu/'mation 828+ 

C:,\('()).;"FOR:-'IITY: EJ'()sinnal l't'lil,r 1')'001 channeling, ;)() fef't. 
~IlIJIJLE(?) ,\:\IJ I OIlER THlASSJC: 

:Vl(J('nkupi Ff)rmLlti(>Il: 
1. ,'-)J1tstOtH' and sandy siltstone; Pale-l'E'ddish-bl'own (lOR 

S/J,); silt to flll~-g)'ain('d sand; poorly sorted; weakly 
tf) fit'mly C'l'tnent(,d, ('aleal'pous. 1U+ 

('. -BaSt> or Pal'ia PIatl'au, north of Colurado Hivl'l' 
1~ miles W('st-southwest of Lpes Fprry 

2U-G, S-fJ. 5 

IMeusured by ,I. P. Akers and M. E. CoolpyJ 

CI'I'EH THL\SSIC: 
(,hinl{~ Formation: 

Shinarump Memher: 
7, Conglomenltc': v'veathl'1'S yellowish gray U:iY 8/1 to 5Y 

7/2); weakly to rirmly cemented, siliceous; irregular, 
thir'k to very thic'k bedded; trough crossbedding, me
(Hum-scale crossbeds; weathers blocky; forms an 
irregular ledge; e-untains numerous shaly lenses in 
lower balf of unit; fluviatile environment; hase is sharp 
and irregular. 

Matrix: ComposE'd of medium- to coarse-grained 
sand, puorly sorted. 

Gravd: Composed of rounded to subrounded pebbles 
and cobbles as mu{'h as 6 inches in diameter, chiefly 
1 to 2 inches in diameter. n3 

UNCONFOHMITY: 20 feet or rl'lief; some channels are 300 feet wide 
and 20 fpet dpep, and are filled with medium- to coarse-grained 
('onglomeratic sanuston!'; channels contain abundant subrounded 
to angular', yellOWish-green mudstone fragments as much as 2 
fpet in diameter that form pits in thl' matrix as a result of weath
pring; trough crossbedding, rnedium- to large-scale crossbeds; 
top of Moenkopi Formatiun is marked by a I-foot greenish-gray 
(5GY 6/1) bleached zone. 

UPPER TRIASSIC(? )-Continued Feet 
Moenave Formation-Continued 

Dinosaur Canyon Sandstone Member-Continued 
21. Sandgtone: Light-brownish-gray (5YR 6/1); fine-grained; 

occ'asional stringer of coarser material; rare mud pel~ 
lets near bottum of unit; forms a cliff; joints and crac'ks 
are bleached white and lined with calcite crystals. 18 

Total Moenave Formation 130 

Contact: Appears erosional, small channels as much as 3 feet 
deep and 20 feet wide carved into the Chinle Formatiun; 
a few angular chert fragments are in the lower sandstOnE" 
unit of the Moenave Formation. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
20. Conglomerate: Grayish~orange-pink (lOR 8/2); forms a 

slope; highly fractured and brittle. 
Matrix: Very fine grained; composed or sandstone 

or siltstone, 
Pebbles: Light-gray (N 7); composed of cuncretion

ary limestone and mudstone averaging half an inch 
in diameter. 

ID. Limestone: Pale-red (lOR 6/2) to grayish-orange-pink 
(lOYR B/2), mottled; conglomeratic in local areas{ \\'ith 
occasional angular sandy fragments ranging from 2 tu 2 
inches in diameter; forms a ledge; contains much chert 
and jasper in irregular', discontinuous bands and in pock-
ets; bands are parallel to bedding. 2 

18. Conglomerate: Same as unit 20. 16 
17. Limestonc' 01' limy siltstone: Pale-red (lOR 6/2) and light

olive-gray (5Y 6/1); contains small, angular, reel silt-
stone fragments and occasional concretionar'y limestone 
pebbles as much as 3 inches in diameter; forms a slopf'. 16 

Tutal Owl Rock Member 37 

Petrified Furest Member: 
16. Siltstune: Pale-red (5R 6/2); contains many l'oundc,d, 

green, bleached spots; forms a slope. 8U 
15. Conglomerate: Light-brownish-gray (SYR 6/1); intricate 

high-angle crossbeds in sandier al'eas; forms a steep 
slope. 

Matrix: GI'ayish-l'ed-purple (SRP S/2); Cinc'-grained 
sandstone. 

Pebbles: Rounded mud pellets averaging a quarter 
of an inch in diameter and cone retionarY limestonc' 
pebbles as much as three-eighths of an 'inch. 2!1 

14. Sandstone: Pale-red (SR 6/2), with horizontal white 
streaks a quarter of an inch thie-k; fine- to medium
grained; simple crossbedding, high-angle> crossbecis: 
forms a slope; contains several conglomerate lenses 
same as unit 15. 1():3 

1:3. Sandst01w: Pale-red (SR 6/2) to pinkish-gray (SYR 8/I); 
mediuln-grained; very friable,; splits in papeI'-~hin 
flakl's; l('ns es of c hoc olate -colol'('d mudstone 2::: feet 
thick ancl resistant lenses of pink sandstone 6 inches 
thkk; platy tl'ough cl'ossbedding in a 2~-foot gra~'-grE'en 
sandstolw lens near top; towal'd bottom, unit bpcomes 
increasingly argillaceous and contains concretionary 
limestoJ1(' pebbles anel cobbles as much as -l incilE's in 
diameter; forms a stl'ep slope; conta1l1s much mica-
ceous matpl'ial. 16S 

12. Mudstone: Grayish-blue (SPE 5/2); o('caslOnal blue sand-
stone lenses 6 inches thick; sonH' highly calcal'l'ouS 
sandy pockpts 2 inches in diamPtf'r; forms a slope. 111l 

Total Pt'trified ForC'st MpmbE'r --l87 

Mpsa Redondo Mt'mbl'r of CnolC'y (lDS8): 
11. Sandstone: Grayish-red (5YR -'if 2), with whitt' horizon

tal stl'ipps and speckh's; medium-gl'ained; cunglom
pratil' in local areas, with sandstone- fragments as mUl'h 
as 2 inches in diaml'ter; muustone lensl's less than 1 
foot thkk and mud pockets less than 1 font in dian1l'tpl'; 
stringers of coarser material; simph' ,cl'ossbl'dding, 
low-angle and medium-se-ale crossbl'ds; forms a l'li!'r. 13 

10. Mudstone: Medium-gray (N 5), mottled; very sandy 111 

places, with an occasional sandstone lens I foot 1hick 
and 30 feet long. 11 

8. Sandstone: White (N H) and a few palf'-l'ed (SR H/2) bands; 
medium-grained; C'omposl'd of quartz; calcitt' cl'mpnt; 
friable; trougb crossbedding, small-sl'alp e-l'ossbt'ds; 
contains occasional quartz pt'bbh's as mul'll as a qual'tt'I' 
of an inch in diametl'l'. 11 

B. Sandstone: Grayish-red-purple (5RP 5/2); vel'y filw 
grained; numerous lensl's of coarser sandstonp, higlll~' 
cI'ossbedded with fissill' parting; forms a diff; ('ontains 
much argillaceous matl'rial; rippl<.' mal'!.;:s 011 foliation 
surfacl's. --l)l 

7, Sandstone: Palf'-red-purple (5RP 6/2); sllaly; rl'iabll'; 
simple crossbedding, 100\'-angle e-l'ossbeds. 17 

G. Sandstone: Gray (N 8); medium- to coarsp-gl'aitll'd; l'OI1l

posed of quartz; intricate> trough t'l'ossbedding, Iligh
angle and medium- to lal'ge>-sC'ale crossbpds; forms a 
cliff that breaks orf into largp blocks; contains an occa-
sional stringer of C'oarsPl' material. 17 

5. SandstOIll': Pale-red (5R 6/2); vE'ry fine gl'ailll'd; fOl'nll'd 
of t'OIll'}'ptionary balls from ito 3 inchps in dianH'tt'I'; 
forms a cliff. ' 15 

4. Sandstone: Light-gray (N 8); {'oal'sl'-gl'ained; pool'l;\-' 
sorted; streaked with long, thin ll'tlses of coarsE'1' ma
terial containing isolated wdl-roundpd pebbles as much 
as 3i inches in diameter, 2 to 5 pl'bbles pel' squrl.l'l' foot; 
splits scaly and friable on exposed surfaces; vl'ry lnw-
anglE' crossbeds; forms a cliff, 33 

3. Sandstone: Light-gray (N 8); finl'-grainE'd; friabh'; ocea-
sional horizontal streak of muddy material and occasion-
al lens of hard, resistant sandst~nf'; platy parting; forms 
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MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

6. Sandy siltstone: Grayish-red (lOR 4/2); silt to very fine 
grained sand; fair-sorted; mica accessory mineral; 
weakly to firmly cemented, calcareous; flat, gnarly, 
very thin to thick-bedded; weathers blocky; forms an 
irregular ledge; beds appear massive on cliff face but 
are platy on weathered surface; beds are lenticular and 
grade laterally into weakly cemented siltstone that forms 
recesses; base is gradational. 43 

5. Siltstone and mudstone, alternating: Grayish-red (lOR4/2); 
contains nontapered shrinkage cracks t inch wide and t 
inch deep, forming polygonal blocks as much as 3 inches 
on a side; polygonal blocks lie flat or are slightly in
clined; siltstone beds are less than 5 feet thick and alter
nate with mudstone beds less than 2 feet thick; beds are 
h>ntiC'ular and grade into each other in short distances; 
ripple marks are common at various intervals; abundant 
gypsum veinlets; some crystalline gypsum; sandier in 
upper third of unit; base is gradational. 

Siltstone: Silt and some very fine grained sand; fair
sOl'tl>d; weakly to firmly cemented, calcareous; 
weathers blocky and smooth; forms an irregular 
ledge and rolling slope. 

Mudstone: Clay, silt, and very fine grained sand; 
poorly sorted; mica accessory mineral; weakly to 
firmly cemented; flat, gnarly, very thin bedded; 
weathers blocky and smooth; forms an irregular 
slope and ledge. 215 

-lB. Siltstone, sandy siltstone, and silty sandstone: Moder
ate-brown (5YR 3/4); abundant gypsum veinlets in upper 
5 feet of unit; base is gradational. 

Siltstone: Silt and very fine grained s~nd; fair-sorted; 
ll1ica accessory mineral; weakly to firmly cemented, 
calcareous; flat, very thin bedded; weathers smooth; 
forms a rolling slope and ledge. 

Sandy siltstone: Same as unit 4A. 
Silty sandstone: Same as unit 4A. 

-L\. Silty sandstone and sandy siltstone: Moderate-brown (5YR 
3/4); silt and fine-grained sand; fair-sorted; forms an 
irregular slope; base is gradational. 

Silty sandstone: Mica accessory mineral; firmly ce
mented, calcareous; flat, very thin to thin-bedded; 
trough crossbedding; weathers blocky; contains rip
ple marks, some of which are one-eighth of an inch 
from crest to crest. 

Sandy siltstone: Poorly cemented, calcareous; flat, 
very thin to thin-bedded. 90 

3. Siltstone a'nd sandstone, alternating: Grayish-olive-green 
(5GY 3/2), weathering light brown (5YR 5/4); weathers 
blocky; forms an irregular ledge; lower half of unit con
tains thin beds of conglomerate same as unit 2A; some 
bleaching along vertical joints; abundant calcite geodes 
with crystals; weathering reveals platy nature of unit; 
base is gradational. 

Siltstone: Poorly cemented, calcareous; flat. very 
thin to thick-bedded. 

Sandstone: Silt and fine-grained sand; mica acces
sory mineral; firmly cemented, calcareous; flat, 
very thin to thick-bedded; asymmetrical trough 
crossbedding; contains ripple marks. 27 

2B. Conglomerate and siltstone, alternating: Yellowish-gray 
(5Y 8/1 to 5Y 7/2); forms a transitional zone between 
units 2A and 3; base is gradational. 

Siltstone: Same as unit 3. 
Conglomerate: Same as unit 2A; irregular, very thin 

to thick-bedded; weathers blocky; forms an irregu
lar ledge. 

2A. Conglomerate: Yellowish-gray (5Y 8/1 to 5Y 7/2); irregu
lar, very thick bedded; crossbedded; weathers pitted and 
knobby with solution holes; forms an irregular ledge. 

Matrix: Composed of clay to very coarse grained sand; 
poorly sorted; weakly to firmly cemented, calcare
ous. 

Gravel: Composed of chert. limestone, mudstone, and 
sandston~ fragments as much as 3 feet in diameter. 29 

Total Moenkopi Formation 410 

l'XCO:\FORMITY: Erosional, as much as 15 feet of relief caused by 
channeling; channels are filled with angular chert pebbles and 
cobbles ito 8 inches in diameter, reworked from the Kaibab 
Formation, and subrounded sandstone boulders as much as 
3 feet in diameter. 

PERMIAX: 
Kaibab Limestone: 

1. Sandy and silty limestone: Grayish-olive-green (5GY 3/2), 
weathering yellowish gray (5Y 8/1 to 5Y 7/2); silt and 
fine-grained sand; well-cemented, calcareous; flat, 
gnarly, thin- to thick-bedded; weathers pitted and 
knobby; forms an irregular ledge and recesses in silty 
horizons; contains abundant chert. 10 

T;PPER TRIASSIC(?): 
Moenave Formation: 

10. -Lowery Spring 

3 miles west of Navajo Bridge 
29-11. 0-12. 0 

[Measured by J. P. Akers] 

Dinosaur Canyon Sandstone Member: 
22. Sandstone: Moderate-reddish-orange (lOR 8/6); fine

grained; massive, very thin bedded; exposed surfaces 
show characteristic round ed weathering and platy nature 
of apparently massive beds; forms a steplike slope; con
tains many mudstone lenses; mud cracks and ripple 
marks are common, 112 

a cliff. 9 
2. Sandstone: Light-olive-gray (5Y 6/1); fine-grained; fis

sile to platy parting; some structureless beds less than 
1 foot thick; minutely crossbedded; forms a slope; con
tains much micaceous material; ripple marks on all foli
ation surfaces; contains ironstone surrounded by concen-
tric stained rings as much as 8 inches in diameter. 31 

Total Mesa Redondo Member 206 

Shinarump Member: 
1. Conglomeratic sandstone: Yellowish-gray (5Y 8/1); me

dium- to coarse-grained; well to poorly sorted; com
posed of rounded to subrounded quartz; minor black 
accessory minerals; trough crossbedding. low- to 
medium-angle and small- to large-scale crossbeds; 
contains petrified logs; pebbles in conglomeratic part 
are as much as 3 inches in diameter and alined in 
stringers; pebbles are composed of chert, quartzite, 
and petrified-wood chips. 50 

Total Chinle Formation 780 

UNCONFORMITY: Erosional relief of 15 feet. 

11. -Cedar Ridge 

A. -Along Echo Cliffs, half a mile east of 
Cedar Ridge Trading Post 

61-0.4-7.8 

[Measured by J. T. Callahan] 

JU RASSIC AND TRIASSIC ( ? ): 
Navajo Sandstone: 

27. Sandstone: Pinkish-gray (5YR 8/1) to yellowish-gray 
(5Y 7/2) with dark-reddish-brown (lOR 3/4) zones, 
weathering light gray (N 7) to brown; fine-grained; 
weakly c-emented, calcareous; very thick bedded; 
large-scale crossbeds; forms a vertical cliff. 290 

UPPER TRIASSIC(?): 
Kayenta Formation: 

26. Siltstone: Moderate-reddish-brown (lOR 4/6), weath
ering moderate reddish brown (lOR 4/6); silt; argil-
laceous cement; flat, very thin bedded; forms a ledge. 33 . .3 

25. Sandstone: Moderate-reddish-orange (lOR 6/6), weath
ering medium gray (N 5); fine-grained; calcareous ce
ment; flat, thin-bedded; friable; forms a .ledge; con-
tains many ripple-marked surfaces. 6. () 

24. Siltstone: Moderate-reddish-brown (lOR 4/6), weathering 
dark reddish brown (lOR 3/4); silt; argillaceous cement; 
flat, very thin bedded; weathers rough; forms a slope; 
unit contains two I-foot beds of sandstone; top 3 inches 
is leached greenish gray (5GY 6/1); commonly contains 
greenish-gray (5GY 6/1) leached spots. ~5. 5 

23. Sandstone: Pinkish-gray (5YR 8/1), weathering dark gray 
(N 3) to brown; fine-grained; thin-bedded; medium-
scale crossbeds; weathers rough; forms a cliff. 28 

22. Siltstone: Pale-reddish-brown (lOR 5/4), weathering 
moderate reddish brown (lOR 4/6); silt; flat, thin
bedded; forms a slope; part of unit is covered; contains 
leac hed streaks. .3 6. 5 

21. Sandstone: Pinkish-gray (5YR 8/1), weathering light gray 
(N 7); fine-grained; calcareous cement; splits friable; 
thin-bedded; small- to medium-scale crossbeds; forms 
a ledge; contains small lenses of green mudstone frag-
ments. 2.0 

20. Mudstone: Pale-red (lOR 6/2), weathering moderate red-
dish brown (lOR 4/6); flat, very thin bedded; forms a 
slope; unit is mostly covered. 13 

19. Sa,ndstone: Pale-reddish-brown (lOR 5/4), weathering 
reddish brown; fine-grained; weakly cemented; very 
thin bedded; pseudocrossbedding; small-scale cross-
beds; forms a ledge; contains abundant ripple marks, 5,0 

18. Siltstone: Pale-reddish-brown (lOR 5/4), weathering 
moderate reddish brown (lOR 4/6); silt; weakly ce
mented; massive, very thin bedded; forms a slope; 
middle of unit contains a very fine grained, grayish
red (5R 4/2) sandstone bed 1 foot thick; contains abun-
dant leached streaks. 32 

17. Sandstone: White (N 9), weathering light gray (N 7); fine
grained; calcareous cement; splits friable; thin-bedded; 
medium-scale crossbeds; forms a ledge; contains mud-
stone fragments in lenses. 2.5 

16. Siltstone: Pale-reddish-brown (lOR 5/4), weathering mod
erate reddish brown (lOR 4/6); silt; very thin bedded; 
forms a slope; 70 percent of unit is covered; contains 
abundant leached spots. 28 

15. Sandstone: Pale-reddish-brown (lOR 5/4) to moderate
reddish-brown (lOR 4/6), weathering moderate reddish 
brown (lOR 4/6); fine-grained; calcareous cement; flat, 
thin-bedded; forms a cliff; contains i-inch leached spots; 
contains conglomerate that lenses out within 20 feet hori-
zontally. 18 

14. Covered interval: Some pale-reddish-brown (lOR 5/ ... ) mud
stone, splits fissile, laminated; forms a slope; contains 
leached streaks. 15.5 

Total Kayenta Formation 285.5 

Moenave Formation: 
Springdale Sandstone Member: 

13. Sandstone: Very light gray (N 8) to light-brown (5YR 6/4) 
locally, weathering medium gray (N 5); fine-grained; 
splits friable; thin-bedded; medium-scale crossbeds; 
forms a ledge. 6. 0 

12. Sandstone: Pale-reddish-brown (lOR 5/"'), weathering 
moderate reddish brown (lOR 4/6); very fine grained; 
calcareous cement; massive; forms a slope; contains 
abundant leached spots; top few inches is a fissile-split-
ting mUdstone. 13 
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Tablt' 3. - -Sl'lectec stl'utignlphi(' Sl'l'tiull:-: in tllt' Navaj(J and Hop] Illdian Hl'st'l'vatiol1s J Arizona, New Mexico, and Utah-Contlnued 

UPPER T RIASSIC(? )-Continued 
Moenavp FOl'mation-ContinLleu 

Spl'ingdale Sandstolll' Tvh'mber -ConI inued 
11. Sandstune: Pale-l'eddish-bl'u\\'J1 (lUi{ 5/~), \\'l'utllel'lllg 

light brown (5YR 5/6): finl'-gl'ainl'd; calc<.lt'l'ilUS ('l'-

ment; n1<lssivt', very thick lH'lkJpd; fOl'll1S a cliff; ('011-

tains an a-inch bed uf ll1Plllutll-gl'ailll'd s<lnLlstulll' 10 fl'et 
fr'oln top; containb It..'nticUL.ll' pulL,-yt'llnwish-l>l'()l,vl1 (1 OYR 
6/2) bands, 1 inch to B feet thide. 

10. Conglo111t:'rate: Ual'k-redJish-ul'uwn (101{ ~-J/-l), wl'atht'rillg 
dark l'eddish 01'0\\'11 (lOR 3/4); thin-bedu<.'d; 1I1l'uiUlll

scale crossbeds; forn1s a slope. 
Matl'ix: Palp-rt'ddish-br<)\vn (lUI{ ;;/.'f:) S,JI1dStUIH', finl'

grained. 
Gravel: Flat mud:-itone pellets, 10 to 2D 11Ull in (11a111-

eter. 
Total SpI'ingdall' Sandstune IVit.'lnoer 

Dinosaur Canyon Sandstone Menlber: 
9. Sandst~ne: Pale-red (lOR 6/2), wl'uthel'ing llluderate ['eel

dish brown (lOR 4/6); fint'-grained; calcareuus ct-'nlC'nt; 
splits friable; thi(' k-bl'dded; meuiunl-scale t'russbecls; 
fornls a ledge. 

B. Siltstone and sandstunt·: Pall'-reddish-brown (lOR 5/4), 
weathering moderate reddish b"OWI1 (lOH 4/6); silt to 
fine-grained sand; flat, thin tu vel')' thjn ut'ddl'd; fUrlTIS 

a slope; thin sandstune beds, 1 tu 2 ft'pt thil'k, alternate 
\\'ith siltstone beds 5 to 8 ft'd thick. 

7, Sandstone: Pale-reddish-bl'own (lOR 5/J.), weathering dark 
reddish brown (lOR 3/-+'); fine-grained; calcLlreous Ct·
ment; flat, very thin to thin-beuded; weatht-'rs smooth; 
forms a vliff; cont:lins abundant ripple marks in UpPl'l' 
2 feet of unit; a 2-fuot bed uf grayish-1·l·d (lUR 4/2) mud
stone is 18 feet fruJn bottom. 

G. Siltstone: Moderate-reddish-urange (lUR 6/0) tll I'ale
reddish-brown (l,JR 5;'0, weathering pale l't'ddlsh brown 
(l01{ o/~); silt; flat, very thin to thin bedded; s111311- tu 
rnediunl-scale c1'ossl'edsj forms a slope; contains abun
dant leached spot.;; and strl~aks; contains intel'bedded fine
gralnE'd sandstotlf' 13.),('1's as TIluch as 2 ft-'pt. thick. 

5. Sandstone: Light-brown (5YH 5/6), weathering mod,'rate 
brown (5YR 3/4); fi'lc-graineu; weakly l'l'lnentpJ; tl1in
bedded; small-5calp l"l'ossbeds; furms a ll'dgt:'; contains 
stringers of lllediul1l-g1'ainl'u white (N ,q) .sand. 

~. Siltstone: Moderate-l ecldish-brOlvn (l01{ 4/G), weatlH'l'ing 
light brown (5YI{ 5/6); silt; argillaceous (l'ownt; ,'cry 
thin bedded; small-scale l'l'ossbt-'ds; fu}'ms 3 sl()pE-'; COI1-

tains srnall leacheu spots; upper 1 foot uf unit is grayish
l'ed (lUI{ 4/2) mudstune; uppl'r 1 i1Wh is l"ad,,·d light 
grel'nish gray (5UY 8/1); tup uf unit is unciuJatlng. 

J. Sandstone: Light-brown (5YH 5/6), weatlH..'l'lllg InoLll'l'a1t~ 
brown (5YR 3/.J); fine-gn:li!u'd; calcareous cenH·nt; flut, 
very thin bedded; forms a ledge; contains rare leached 
spots; upper 2 feet contains abundant l'ipple mar'b,. 

2. Conglomerate: Pale-reddish-brown (101{ 5/4), weathering 
moderate reddish brown (l01{ ~/8); very thin bedded; 
forms a ledge; contains lenses. 

Matrix: Very llght gray (IIi B) to pa]('-l'('d (10ft 6/2) 
sandstune, meuium- to {'oarse-gl':.111wtl, l·all'ilJ'l'oUS 
cenlt'nt. 

Gravel: Conlposed of subrounded to angulal', red 
chert, rare clear and gray quartz, and gl'ay lime
stonl~; of to 15 nun in diameter. 

Total Dinosaur Canyon Sandstone MpmbL'I' 

Total Moenave Formation 

U 1\"C 0::\ FORMITY: El'osional surface; cuntact sharp, undulating, 
with channel 2 feet wide and 1 foot dePIJ fllled with {'onglompl'atp 
of overlying unit. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
1. Siltstone: Moderate-l'l'ddish-bl'own (lOR 4/0), wl'athel'ing 

light brown (5YR S/G); argillaceous cenH'nt; very thin 
bedded; fOl'ms a slupe. 

B. -Along U. S. Highway 8U, D miles north-northwest of 
Cedar Ridge 'fl'ading Post 

44-5.0-16.8 

[Measured by J. P. Akers and M. E. Couley] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
lB. Conglomel'atic sandstone: Vl'ry pale umnge (lOYR 8/2); 

medium to very coarse grained; poorly sorted; W 8ll to 
firmly cemented, siliceous; thick to very thick bedded; 
trough crossbedding; weathers blocky; forms an irregu
lar ledge and slope; lower 10 feet is partly covered; 
base is concealed. 

UNCONFORMITY: Erosional, channels as 111uch as 10 feet deep. 
MIDDLE(?) AND LOWER TRIASSIC: 

Mqenkopi Formation: 
17. Sandstone: Same as unit 15. 
16. Siltstone and mUdstone: Same as unit 14. 
15. Sandstone: Moderate-brown (5YR 4/4); very fine to fine

grained; fair-sorted; weakly to firmly cemented, cal
careous; flat, very thick bedded; trough crossbedding; 
weathers rounded; forms a ledge; base is sharp. 

14. Sandy siltstone and mudstone; Moderate-brown (5YH 4/4); 
clay to fine-grained sand; poorly sorted; weakly to firm-
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12. -Coal Canyon 

Hl'ud of Coal Canyun, 13} miles southeast of Tuba City 
77-2.0-15.4 

[Measured by J. VI'. Harshbarger j 

UPPEH AND LOWER CHETACEOUS: 
llakota(?) Sandstone: Feet 

12. Sandstone; Medium -gray (N 5); very fine grained; firmly 
cemented, calcareous; thin-bedded; crossbedded; forms 
top of n1ain cliff; contains abundant carbonaceous remains. 4.0 

UNCONFORMITY: Erosional surface; rellef, 0 to 4 feet; channeled 
into Cow Springs Sandstone. 

UPPER JUHASSIC: 
Cow Springs Sandstone: 

11. Sandstone: Very light gray (N B); fine-grained; very weak
ly cemented, calcareous; thin-bedded, beds t to 1 inch 
thick; large-scale crossbeds; forms a smooth cliff; con-
tains linlonite streaks. 25 

10, Sandstone; Yellowish-gray (5Y 7/2); fine-grained; very 
weakly cemented; thin-bedded; crossbedded; forms a 
pitted cliff. 4~J 

!l. Sandstone; Light-gray (N 7); very fine grained; weakly 
celnented; thin-bedded; C'rossbedded; forms a banded, 
smooth cliff; alternates with thin beds of pale-red (51{ 
6/2) sandstone. 31 

8. Sandstone: Reddish-brown; very fine grained; flat, thin
bedded, beds t to 2 inches thick; forms a smooth cliff; 
contains two maruon shale pal'tings, 1 to 2 inches thick. 8. U 

Total Cow Springs Sandstone 113 

Ent ratIa Sandstone: 
7. Shale; Pale-red (5R G/2) and grayish-red (5H 4/2); clay

ey texture; very weakly cemented; flat, thin-bedded; 
farIns a sInouth slope. 4. U 

6. Sandstone; Very ligllt gray (1\ B); fine-grained; weakly 
cenlented; thin-bedded; large-scale crossbeds; forms 
a pitted cliff. 64 

Total Entrada Sandstone 68 

UPPER AND MIDDLE JURASSIC; 
Carnlcl Formation: 

5. Sandstone: Pale-,yellowish-orangl' (lOYR 8/6); very finE' 
grained; weakly cemented; flat, thin-bedded, beds i 
to t inch thick; forms a steep, smooth slope; common-
ly cuntains limonite streaks. 35 

4. Sandstone: Yellowish-gray (5Y 7/2); fme-grained; [Jat-
beuded; fornlS II lt1dge; contains abundant calcareous 
nodule'S Llnd l'ollcrl'tions. 1.5 

3. Sandstone; Yellowish-gr"", (5Y 8/1 to 5Y 7/2); fine
grained; Vl'l')' weakly cen1ented; thin-bedded, beds i-
to 1 inch thick; crossbedded; forms a smooth slope; 
sL'veral palt' -I'ed (5R 6/2) shale stringers, 1 to 2 inches 
long. 53 

2. Shale: Grayish-reel (51{ 4/2); clayey texture; weakly cp-
mentl'd; flat-bedded, paper-thin; fonns a snl00th slopt'o ~l. Ll 

1. Sandstone; Pinkish-gray (5YR B/1); fine-grained; Vl'l'!-
\vt'Gkly cL'menteci; flat, thin-beddL'd; forms a long, 
smooth slope; contains abundant liJl1onitl' streaks. 81 

Total incomplete Carmel Formation 17~1. 5 

Valley: Covel'ed by alluvium and \"egetation. 

13. -llillow Springs 

Along Echo Cliffs, 8 miles west of Tuba City 
78-7.55-5.25 

[Measured by J. T. Callahan] 

.JURASSIC AND TRIASSIC ( ?): 
Navajo Sandstone (incomplete): 

26. Sandstone; Moderate-reddish-orange (lOR 6/6), vl'ry 
fine grained; trough crossbedding l high-angle and 
large-scale crossbeds; weathers blocky and pitted; 
forms a cliff; base is sharp and [Jat. lll5 

UPPER THIASSIC(? ): 
Kayenta Formation: 

Silty facies; 
25. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; gnarly, flat-bedded; weathers 111assive; fnrms 

24. 

2~. 

22. 

21. 

20. 

19. 
18. 

a ledge. 
Sandstone: Moderate-reddish-orange (lOR 6/6); ver"' fine 

grained; unit is a thin-bedded coset; crossbedded sets 
contain trough crossbedding, small- to medium-scale 
crossueds; weathers massive to blocky; fornls a ledge. 11 

Siltstone: Pale-reddish-brown (lOR 5/4); [Jat, thin-bed-
ded; weathers massive; forms a slope; contains abun-
dant gray spots. 

Limestone: Light-gray (N 7); finely crystalline; flat, 
thin-bedded; weathers pitted; forms a ledge. 

Sandstone: Light-brown (5YR 5/6); very fine grained; 
structureless; weathers massive; forms a ledge; ('onl-
monly contains leached streaks and spots. 11 

Sandstone and siltstone, interbedded: Sandstone is 1 to 10 
feet thick; siltstone is 1 to 20 feet thick; unit is a flat
bedded coset; crossbedded sets contain trough crossbed
ding, medium-scale crossbeds; forms a partly covered 
slope. 156 

Covered interval: Forms a slope. 84 
Sandstone: White (N 9); very fine grained; trough Cl'OSS-



Iy cemented; flat, very thin to thick-bedded; weathers 
rounded; forms an irregular slope and ledge; common
ly contains ripple marks; upper half of unit is composed 
of alternating beds of siltstone and mudstone; mudstone 
contains nontapered shrinkage cracks that outline small 
polygonal blocks; lower half of unit is covered; base is 
concealed. 33 

13. Limy sandstone: Light-brownish-gray (5YR 6/1). weath
ering brownish gray (5YR 4/1); very fine grained sand; 
fair-sorted; well to firmly cemented; thick-bedded; trough 
crossbedding; -weathers blocky; forms an irregular ledge; 
weathering reveals that entire unit is platy and ripple 
laminated; vertical joints common; open joints are lined 
with calcite crystals; base is gradational. 

12. limy sandstone: Brownish-gray (5YR 4/1), weathering 
light brownish gray (5YR 6/1); very fine to fine-grained; 
fair-sorted; well-cemented l calcareous; irregular, very 
thin to thin-bedded; weathers hackly; forms an irregular 
ledge; commonly contains ripple marks and calcite vein-
lets; base is sharp. 19 

11. Sandstone: Brownish-gray (5YR 4/1), weathering yellowish 
gray (5Y 7/2); very fine to fine-grained; fair-'sorted; 
firmly cernented l calcareous; flat, thick-bedded; trough 
crossbedding; weathers pitted with development of holes; 
forms a ledge; base is sharp and flat._ 4 

10. Silty sandstone: Moderate-brown (5YR 3/4); silt to fine
grained sand; fair to poorly sorted; weakly to firmly ce
mented, calcareous; flat, irregular, very thin to thin
bedded; trough crossbedding; weathers hackly; forms a 
recess; base is gradational. 8 

(Soction continued a quarter of a mile northwest of units IOta 18.) 
9. Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; fair-sorted; composed of quartz; firmly ce
mented, calcareous; flat, thin- to thick-bedded; trough 
crossbedding; weathers pitted, knobby, and etched; 
forIns an irregular ledge; contains limonite streaks 
about t x 5 inches; weathered surfaces appear sugary 
and glittery in the sunlight; commonly contains black 
iron concretions, t to i inch; recess occurs 3 feet from 
bottom, beds of which appear to be finer grained; verti-
cal joints common; base is sharp and gradational. 34 

8. Silty sandstone: Yellowish-gray (5Y 7/2); silt to very fine 
grained sand; weakly to firmly cemented, calcareous; 
irregular, very thin to thin-bedded; weath~rs pitted and 
etched; contains rare gypsum veins less than half an 
inch thick; base is gradational. 8 

7. Mudstone: Yellowish-gray (5Y 7/2); clay, silt, and very 
fine to fine-grained sand; weakly cemented, calcareous; 
very thin bedded; weathers rounded and hackly; forms a 
rolling slope; units 7 and 8 appear to be bleached from 
ground water moving through unit 9; base is sharp. 4 

G. Mudstone: Moderate-brown (5YR 3/4); clay and silt; fine
grained mica accessory mineral; weakly cemented, cal
careous; very thin bedded; weathers hackly; forms an 
irregular slope; a 2-foot bed of more resistant thin
bedded silty mudstone occurs at 8 feet; base is grada-
tional. 16 

5, Siltstone and silty limestone: Moderate-brown (5YR 3/4); 
mica accessory mineral; weakly to firmly cemented, cal
careous; irregular, very thin to thin-bedded; weathers 
blocky; forms an irregular slope; commonly contains 
ripple marks; unit consists of an alternation of siltstone 
forming recesses and crinkled -bedded ledges of lime
stone covered with a coating of muddy gypsum; maximum 
thickness of siltstone beds is 10 feet and limestone beds 
is 1 foot; base is gradq.tional. , 76 

~. Siltstone: Moderate-brown (5YR 3/4); mica accessory min
eral; weakly to firmly cemented, calcareous; flat, very 
thin bedded; weathers smooth; forms a rolling slope; 
commonly contains ripple marks and shrinkage cracks; 
unit has several sandy and limy horizons at widely spaced 
intervalS; contains some 6-inch-thick sandstone ledges 
that are bleached; upper 48 feet of unit is covered; base 
is sharp. 138 

3B. Silty sandstone: Yellowish-gray (5Y 7/2); silt to very fine 
grained sand; poorly sorted; firmly cemented, 'calcare
ous; flat, thin- to thick-bedded; forms an irregular 
ledge; commonly contains ripple marks; lithology is 
same as unit 3A except that sandstone ledges are more 
prominent; base is gradational. 

3A. Sandstone and sandy siltstone: Light- gray (N 7) to very 
pale orange (jOYR 8/2). weathering greenish gray (5G 
6/1); silt to fine-grained sand; poorly sorted; weakly to 
firmly cemented, calcareous; flat, very thin to thin
bedded; weathers blocky; forms an irregular ledge; 
commonly contains ripple marks; base is sharp. 

2. Conglomerate: Light-gray (N 7) to yellowish-gray (5Y 7/2); 
irregular, thick to very thick bedded; weathers blocky 
and etched; forms an irregular ledge; contains some mud
stone beds; base is sharp and irregular. 

Matrix: Clay to coarse-grained san~; poorly sorted; 
firmly cemented, calcareous. ' 

Gravel: Pebbles and cobbles, as much as 6 inches in 
diameter at base of unit and progressively smaller 
towards top; composed of angular chert. 10 

Total Moenkopi Formation 391 

UNCONFORMITY: Erosional, channels 4 feet deep; contact above 
unconformity is bleached. 

PERMIAN: 
Kaibab Limestone: 

1. Sandy limestone: Yellowish-gray (5Y 8/1); very fine to 
fine-grained sand; fair to poorly sorted; firmly ce
mented, calcareous; flat, thick to very thick bedded; 
weathers pitted and knobby; forms a ledge; contains 
solution pits and abundant calcite geodes. 10+ 

bedding, medium-scale crossbeds; weathers massive to 
blocky; forms a ledge. 4 

17. Sandstone: Pale-red (jOR 6/2); fine-grained; gnarly, flat, 
thin-bedded; forms a slope; contains abundant light-
green (5G 7/4) streaks. 

-16. Sandstone: Pale-red (lOR 6/2); fine-grained; gnarly, flat, 
thin-bedded; weathers massive to blocky; forms a ledge; 
contains abundant leached streaks. 6 

15. Covered interval: Forms a slope. 33 
14. Sandstone: Pale-red (lOR 6/2); very fine grained;' very 

thick bedded; weathers massive to blocky; forms a 
ledge. 4 

13. Covered interval: Forms a slope. 21 
12. Sandstone: Pale-red (lOR 6/2); very fine grainell; flat, 

thin-bedded; weathers massive to blo~ky; forms a 
ledge; contains abundant leached spots; base is sharp 
and irregular. 30 

11. Sandstone: Pale-red (lOR 6/2); very fine grained; planar 
crossbedding, medium-scale crossbeds; forms an ir-
regular cliff; contains mud -cracked surfaces. 12 

10. Mudstone: Grayish-red (5R 4/2); flat, laminated bedding; 
weathers massive; forms a ledge; contains green leachf-'d 
spots. 2 

9. Covered interval: Forms a bench and slope. l1U 

Total Kayenta Formation 405 

Moenave Formation: 
Springdale Sandstone Member: 

8. Sandstone: Light-brown (5YR 6/4); fine-grained; trough 
crossbedding, low-angle and medium-scale crossbeds; 
weathers massive; forms a cliff; contains mud lenses 
at bottom; unit is lenticular. 40 

7. Sandstone: Pale-red (lOR 6/2); very fine grained; trough 
crossbedding, low-angle and medium-scale crossbeds; 
weathers massive to blocky; form's a cliff; contains 
interbedded lenses of sandstone and mud-pellet conglom-
erate; unit is lenticular. 37 

Total Springdale Sandstone Member 77 

Dinosaur Canyon Sandstone Member: 
6. Sandstone and siltstone, interbedded: Unit is a flat, len

ticularly bedded coset; crossbedded sets contain trough 
crossbedding, small- to medium-scale crossbeds; forms 
a slope; contains a few thin mudstone beds. 89 

5. Covered interval: Forms a slope. 182 
4. Sandstone: Very light gray (N 8); very. fine to medium-

grained; trough crossbedding, medium-scale crossbeds; 
weathers massive to rounded; forms a cliff; contains 
stringers of coarse sand and ripple-marked surfaces. :3-1-

3. Siltstone: Moderate-brown (5YR 4/4); flat, laminated bed-
ding; weathers shaly; forms a slope; top of uhit is 
leached gray. 

2. Conglomerate: Pale-reddish-brown (lOR 5/4); trough 
crossbedding, small-scale cross beds; weathers massive 
and pitted; forms a ledge. 

Matrix: Medium -grained sandstone. 
Gravel: Siltstone pebbles, 20 to 37 mm in diameter; 

mudstone pellets, 7 (0 13 mm in diameter; sub
rounded red chert pebbles, 10 mm in diameter; 
colorless quartz granules. 

Total Dinosaur Canyon Sandstone Member 308 
Total Moenave Formation 385 

UNCONFORMITY: 1 to 2 feet of relief. 
UPPER TRIASSIC: 

Chinle Formation (incomplete): 
1. Siltstone: Light-brown (5YR 6/4); flat, thin-bedded; 

weathers knobby; forms a slope; commonly contains 
leached spots. 

14. -Marble Platform 

East side of Marble Platform, 20 miles southwest of 
Gap Trading Post 

79-7.0-12.3 

[Measured by J. P. Akers and M. E. (:ooley] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
13. Con~lomeratic sandstone: Pale-yellowish-orange (lOYR 

8/6); irregular, very thick bedded; unit is a coset; 
asymmetrical and wedge trough crossbedding, mediunl
scale crossbeds; forms a r~ul1ded cliff; rare angular 
limestone fragments; contains petrified logs, one of 
which is 3 feet in diameter; base is sharp .. 

Matrix: Fine to very coarse grained; p00rly sorted; 
composed of rounded to subrounded, clear, stained, 
and frosted quartz; firmly cemented, siliceous. 

Pebbles: As much as 1 inch in diameter. 17 
MIDDLE(?) AND'LOWER TRIASSIC: 

Moenkopi Formation: 
12. Siltstone: Same as unit 10. 27 
11. Sandstone: Same as unit 9. :2 
10. Sandy siltstone: Moderate-brown (5YR 4/4); fair-sorted; 

composed of clear, stained, and frosted quartz; weakly 
cemented, calcareous; flat-bedded; pseudocrossbf'dding; 
forms an irregular slope; base is gradational. 

9. Sandstone: Moderate-brown (4YR 4/4); silt and very fine 
grained sand; poorly sorted; composed of subrounded to 
subangular quartz; firmly cemented, calcareous; flat-
bedded; forms a vertical cliff; base is gradational, 11 

8. Siltstone and sandstone, interbedded: Siltstone beds Ul'P 

as much as It feet thick and sandstone beds are as much 
as 2 feet thick; shrinkage c racks and current marks occur 

102 
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~11ll\l! E(?) "-'.NllI.OWER TRIASSIC-Continued Feet 
Mlwnkopl Formation-Continued 

11l'<11' top of unit; top sandstone of unit is lenticular; 
base is shat'p. 

Siltstone; Moderate-yellowish-brown (lOYR 5/4); 
mica accessory mineral; weakly cemented, cal
l'ul'eous; irregular, very thin bedded; pseudocross
bedding; forms recesses, 

Sandstone: Moderate-brown (5YR 4/4), weathering 
moderate yellowish brown (10YR 5/4); very fine 
grained; fair-sorted; composed of subrounded to 
subangular, clear and frosted quartz; firmly ce
mented, calcareous; flat, irregUlarly bedded; unit 
i;; a coset; pseudocrossbedding; forms an irregu-

, lar slope. 71 
7. Limy sandstone: Gra;.vish-yellow (5Y 8/4), weathering 

llght brown (5YR 0/4); very fine grained; fair-sorted; 
L'omposed of subrounded to subangular, clear and frosted 
quartz; mica and rare black accessory minerals; firmly 
cemented, calcareous; very thick bedded; unit is a co
set; asymmetrical and wedge trough crOSSbedding, low
angle and medium':' to large-scale crossbeds; weathers 
pitted; forms a vertical cliff; base is sharp. 36 

6B. Sandy siltstone: Moderate-yellowish-brown (lOYR 5/4); 
same as unit 5; contains seams of gypsum and appears 
to contain less sandstone; gypsum seams are horizontal 
and as much as 1 inch thick; unit has several resistant 
limestone ledges as much as 4 inches thick; near top of 
unit is a vertical cliff that has subdued hoodoo weather
ing; units 5, 6A, and 6E are very similar and could be 
shown as one unit; base is gradational. 104 

u.·\. Silty sandstone: Moderate-yellowish-brown (lOYR 5/4); 
very fine grained; fair-sorted; composed of subrounded 
to subangular. clear, stained, and frosted quartz; mica 
accessory mineral; firmly cemented, calcareous; ir
regular, very thin to thin-bedded; pseudocrossbedding~ 
weathers hackl)'; forms an irregular ledge; contains 
some very thin beds of grayiSh-orange (lOYR 7/4) lime
stone; base is gradational. 

:'.i. Sandy siltstone: Moderate-yellowish-brown (lOYR 5/4); 
silt to fine-grained sand; poorly sorted; composed of 
subrounded to subangular, clear, stained, and frosted 
quartz; mica and some red accessory minerals; weakly 
cemented, calcareous; flat, very thin bedded; weathers 
hackly; forms an irregular slope; commonly contains 
ripple marks; base is gradational. 76 

-t. Lim~- siltstone: MOderate-yellow (5Y 7/6); silt and medi
um- to coarse-grained sand; poorly sorted; composed 
of subangular to angular, clear and frosted quartz; firm
ly cemented, calcareous; flat, irregular, thin- to thick
bedded; weathers blocky and pitted; forms a ledge; unit 
contains abundant chert granules; base is sharp. 

3. 1 imy conglomerate: Grayish-yellow (5Y 8/4), weathering 
moderate yellow (5Y 7 (6); firmly cemented, calcareous; 
flat, irregular, thin- to thick-bedded; base is concealed. 

Matrix: Very fine to fine-grained sand. 
Pebbles: AngUlar chert and limestone fragments as 

much as half an inch in diameter. 
2. I imy conglomerate: Grayish-yellow (5Y 8/4); firmly ce

mented, calcareous; flat, irregularly bedded; weathers 
pitted and knobby; base is sharp. 

Matrix: Very fine to fine-grained sand; poorly sorted; 
composed of subrounded to subangular, clear and 
frosted quartz. 

Pebbles: AngUlar chert and limestone fragments ;i 
to 3 inches in diameter. 

Total Moenkopi Formation 341 

L:::\CO:\FORMITY: Erosional, 5 feet of relief. 
l'EltML\:\: 

I,ulbab Limestone; 
1. Sandy!lmestone: Grayish-yellow (5Y 8/4); very fine 

graint'd; composed of subrounded to subangular, clear, 
stamed, and frosted quartz; flat, gnarly. thick to very 
thick bedded; weathers pitted, knobby. and etchedj forms 
un ilTt'gular ledge; abundant calcite geodes. 15+ 

15. -Dinosaur Canyon 

\\ ani Terrace, 3 miles south of Dinosaur Canyon and 
20 miles south of Tuba City 

97-12,5-10.5 

[Measured by J. T. Callahan and R. L. Jackson] 

,IL I( \SSIC A:\lJ TlUASSIC(?): 
~andst()nL' (incomplete): 

:-)andstone; Light-gray (N 7); fine- to medium-grained; 
fair'-sol'ted; composed of rounded to subrounded, clear 
quul'!Z; rare black accessory minerals; firmly cemented; 
! l'()ugil croflsbvdding, high-angle and large-scale cross
lH'ds; weathers massive and blocky; forms a vertical 
ddT; l'ontams foul' thin beds of aphanitic light-gray (N 7) 
hllH.:'stone and one 3-foot bed of dark-reddish-brown (lOR 
:,/ ~) mudstonE:' that wedges out along exposure; base is 
sl\Llrp and flat. 314 

t: 1'1'1'; It T KL\SSlC(?): 
FIJI'miltIon: 

f:J(' ies: 
Sandstone, mudstone, and some limestone: Banded with 

hl'own, gray, and some reddish brown; flat, lenticularly 
lH'uded; weathers rounded, blocky, and knobby; forms 
all in'()gulur slope; channeling common; sandstone pre
dOllllnat('H neat' bottom; limestone contains abundant 
\)('dded C'hl!d. 89 

MlDDLE(?) AND LOWER TRIASSIC-Continued Feet 
Moenkopi Forrnation~Continued 

careous; flat, thick-bedded; unit is a set; pseudocr'oss
bedding; weathers hackly; forms an irregular ledge; 
base is gradational. 

7. Siltstone and mudstone: Pale-reddish-brown (lOR 5/4); 
clay, silt, and very fine to fine-grained sand; mica ac
cessory mineral; weakly cemented, calcareous; flat, 
irregular, very thin to thin-bedded; pseudocrossbed
ding; weathers hackly; forms a regular slope; bast' il-) 
gradational. 1.5 

6. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grained; 
fair-sorted; composed of subrounded to subangular, 
clear, stained, and frosted quartz; red accessory min
erals; weakly to firmly cemented, calcareous; irrE:'gu
lar, lenticular, thin to very thick bedded; unit is a co
set; lenticular, wedge, and tabular trough crossbedding; 
concave low- to high-angle and small- to large-scale 
crossbeds; some pseudocrossbedding; Weathers blocky; 
forms a vertical and irregular cliff; bedding is very 
lenticular, some lenses thicken from a to 6 feet in n 
lateral distance of 40 teet; mud fragments weathel' Out, 
leaving pits; mudstone lenses are as much as 2 feet 
thick; base is sharp. 26 

5. Siltstone and sandstone: Same as unit 4 except that silt-
stone forms rounded cliff faces; sandstone ledges occur 
at 16 feet and at the bottom; base is gradational. 31 

4, Siltstone and silty sandstone: Pale-reddish-brown (lOR 
5/4); commonly contains shrinkage cracks as large as 
8 inches ac ross and t inch wide; a few beds contain 
raindrop impressions; base is gradational. 

Siltstone: Silt and fine-grained sand; fair to poorly 
sorted; feldspar accessory mineral; weakly ce
mented, calcareous i flat, irregular, very thin 
bedded; pseudocrossbedding; forms an irregular 
slope. 

Silty sandstone: Silt to fine-grained sand; fair-sorted; 
l'ornposed of subrounded to subangular quartz; firm~ 
ly cemented, calcareous; flat, thin- to thick-bedded; 
pseudocrossbedding; weathers hackly. 

3. Sandstone: Pale-reddish-brown (lOR 5/-1); very fine 
grained; fair-sorted; composed of subl'ounded to sub
angular, clear and frosted quartz; rare red accessory 
minerals; firmly cemented, calcareous; very thick bed
ded; tabular trough and simple crossbedding, concave 
medium-scale crossbeds; weathers blocky; forms a 
vertical cliff; some layers are flat bedded; base is 
sharp. 47 

2. Siltstone and silty sandstone, alternating: Pale-reddish
brown (lOR 5/4); siltstone beds are less than 1 foot 
thick and sandstone beds are as much as 2 feet thick; 
sandstone beds are very lentic ular near top of unit; 
gypsum incrustations are as much as half an inch thick 
along joints; base is sharp. 

PERMIAN: 

Siltstone: Silt and very fine to fine-grained sand; fair 
to poorly sorted; composed of clear, stained, and 
frosted quartz; mica and red accessory minerals; 
weakly cemented, calcareous; flat, irregular, very 
thin to thin-bedded; pseudocrossbedding; forms an 
irregular slope. 

Silty sandstone: Silt to fine-grained sandj fair to 
poorly sortedj composed of clear, stained, and 
frosted quartz; red accessory minerals; weakly 
to firmly cemented. calcareous; flat, very thin 
to thin-bedded; trough crossbedding, small- to 
medium-scale crossbeds; pseudocrossbedding; 
forms an irregular ledge and slope. 87 

Total Moenkopi Formation 366 

Kaibab Limestone: 
1. Sandy limestone: Very fine grained; composed of sub

rounded to subangular, clear, stained, and frosted 
quartz; well-cemented, calcareous; flat, irregular, 
thick to very thick bedded; weathers pitted and etched; 
forms a \~ertical cliff; contains chert and common cal-
cite geodes. 511+ 

17. -Black Point 

A. -Northeast of Black Point, northeast of Little Colorado River I 
and 14 miles southeast of Cameron 

116-12.0-1.0 

[Measured by J. H. Stewart, H. F. Albee, O. B. Raup, and 
F. G. Poole] 

Top of section, not top of exposure. 
UPPER TRIASSIC(?): 

Moenave Formation: 
Dinosaur Canyon Sandstone Memberl(incomplete): 

14, SandstonE:': Light-brown (5YR 5/6). weathering light brown 
(5YR 5/6); mostly very fine to fine-grained, about 15 
percent is medium to very coarse grained; fair-sorted; 
composed of subl'ounded, clear quartz; medium to very 
coarse grains are rounded and composed of milky quartz 
and rare orange and gray grains; weakly cemented, cal
careous; composed of horizontal beds and thin trough and 
planar sets of smaU- to medium-scale cross beds; splits 
massive; forms bare, rounded knolls; basal 1.5 feet is 
light greenish gray (5GY 8/1); basal contact is sharp and 
horizontalj only basal 15 feet examined. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 



Tongue of Navajo Sandstone: 
4. Sandstone: Light-brown (5YR 6/4); very fine grained; 

well-sorted; composea of subrounded to 8ubangular 
clear and stained quartz; rare black accessory min
erals; poorly cemented; trough crossbedding, low
angle and small-scale crossbeds; weathers massive; 
forms a vertical cliff; contains rare chert fragments 
1 inch in diameter; base is sharp. 26 

Silty facies continued: 
3. Siltstone, mudstone, and some limestone: Banded with 

brown, gray, and reddish brown; flat, lenticularly bed
ded; weathers rounded, blocky, and knobby; forms an 
irregular slope; channeling common; limestone contains 
abundant flat-bedded chert; base is sharp and flat. 563 

Total Kayenta Formation (including tongue of 
Navajo Sandstone) 678 

Moenave Formation: 
Dinosaur Canyon Sandstone Member: 

2. Sandstone, siltstone, and cherty limestone: Moderate
reddish-brown (lOR 4/6) to gray (N 6). 

Limestone: Moderate-gray (N 7); aphanitic; flat, 
thin-bedded; weathers knobby and pitted; contains 
jasper and chert; caps unit. 

Sandstone: Very fine grained; trough crossbedding, 
low-angle and small- to medium-scale crossbeds. 

Siltstone: Very thick bedded; weathers irregular; 
forms irregular rolling slope; base is sharp and 
irregular. 202 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
1. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

medium-grained; poorly sorted; composed of subround
ed to subangular, stained and frosted quartz; rare black 
accessory minerals; firmly cemented, calcareous; flat I 
lenticular, very thick bedded; unit is a coset; trough 
crossbedding, low- to high-angle and small- to large
scale crossbeds; weathers massive and blocky; forms 
a rounded cliff. Bottom of unit contains a 2- to 6-inch 
bed of flat mud pellets, as much as 1 inch in diameter, 
and rare chert pebbles (5 mm) in a matrix of coarse
grained clear quartz and red chert sand. This bed over
lies the unconformity. This unit is not representative of 
the Lukachukai Member of the Wingate Sandstone, as it 
is at its marginal limits and is not present a short dis-
tance to the northwest. Base is sharp and irregular. 74 

Unconformity: Slight relief. 
Chinle Formation: Undescribed. 

16. -Moenkopi Wash 

North side of Little Colorado River, 1 mile downstream from 
mouth of Moenkopi Wash and 3 miles northwest of Cameron 

98-12.1-6.3 

[Measured by J. P. Akers and M. E. Cooley] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
25. Conglomerate: Pale-greenish-yellow (lOY 8/2); firmly ce

mented, siliceous; flat. irregularly bedded; simple and 
trough crossbedding, concave low-angle and medium- to 
large-scale crossbeds; forms a vertical cliff; contains 
a petrified log 2 feet in diameter and 20 feet long; base 
is sharp. 

Matrix: Fine- to coarse-grained sand; composed of 
rounded to subrounded, clear, stained, and frosted 
quartz; mica accessory mineral. 

Pebbles: As much as 4 inches in diameter; composed 
of well-rounded quartz. 53 

24. Sandstone: Pale-purple (5P 6/2), weathering pale purple 
(5P 6/2); medium-grained; fair-sorted; composed of 
subrounded to subangular, clear, stained, and frosted 
quartz; mica accessory mineral; firmly to weakly ce
mented, siliceous; flat-bedded; unit is a coset; wedge 
and tabular simple and planar crossbedding, small- to 
medium-scale crossbeds; forms a vertical and rounded 
cliff; base is gradational. 25 

23. Siltstone: Pale-blue-green (5BG 7/2); weakly cemented, 
calcareous; flat, very thick bedded; forms an irregular 
slope; base is sharp. 11 

Total Chinle Formation 89 

UNCONFORMITY: Erosional, 20-foot relief. 
MIDDLE(?) AND LOWER TRIASSIC: 

Moenkopi Formation: 
22. Sandstone: Same as unit 8. 10 
21. Siltstone and mudstone: Same as unit 7. 13 
20. Limestone conglomerate: Moderate-yellowish-brown (lOYR 

5/4); well-cemented, calcareous; weathers pitted; forms 
a ledge; may be fossiliferous. 2 

19. Siltstone and mUdstone: Same as unit 7 _ 7 
18. Sandstone: Same as unit 8. 7 
17. Siltstone and mudstone: Same as unit 7. 24 
16. Sandstone: Same as unit 8. 1 
15. Siltstone and mudstone: Same as unit 7. 13 
14. Sandstone: Same as unit 8. 15 
13. Siltstone and mudstone: Same as unit 7. 17 

- 12. Sandstone: Same as unit 8. 1 
11. Siltstone and mudstone: Same as unit 7. 17 
10. Sandstone: Same as unit 8. S 
9. Siltstone and mudstone: Same as unit 7. 13 
8. Sandstone: Pale-reddish-brown (lOR S/4); fine- to medi

um-grained; fair-sorted; composed of subrounded to 
subangular, clear, stained, and frosted quartz; mica and 
black and red accessory minerals; firmly cemented, cal-

13. Siltstone and limy siltstone: Unit forms a steep slope con
taining conspicuous light-colored bands developed on the 
limy siltstone; thick interval contains common limestone 
nodules 4 feet below the top; about 1. S feet of unit is 
limy siltstone. 

Siltstone: Same as siltstone in unit 11. 
Limy siltstone: Light-greenish-gray (SGY 8/1) and 

pale-red (lOR 6/2); firmly cemented; flat, very 
thin to thin-bedded; limy siltstone lenses are inter-
stratified with the siltstone. 31 

12. Siltstone and silty claystone: Pale-reddish-brown (lOR 
5/4); composed in part of bentonitic clay; firmly ce
mented, calcareous; structureless; rare horizontal 
stratification planes; fractures into angular fragments; 
forms a t-mile-wide flat; parts of unit are poorly ex
posed; thick interval contains abundant limestone nod-
ules at 118.8 feet. 148.8 

11. Siltstone and limestone: Unit forms a bench and badlands 
topography, with millor ledges and conspicuous benches 
on the top limestone bed; unit is spread over about three
quarters of a mile along line of section. 

Siltstone: Light-brown (5YR 6/4), pale-reddish-brown 
(lOR S/4), and rare grayish-red (5R 4/2), weather
ing light brown (5YR 6/4); nonbentonitic; firmly ce
mented, noncalcareous; structureless; fractures 
into small angular fragments. 

Limestone: Pale-red (5R 6/2 and lOR 6/2) and light
greenish-gray (SGY 8/1); dense, aphanitic; common 
seams and granule-size masses of coarsely crystal
line calcite; well-cemented; flat. very thin to thick
bedded; six thin to thick beds of limestone are inter
stratified with the siltstone; limestone nodules are 
common in thick to very thick intervals; the lime-
stone beds comprise about 6 feet of the unit. 142.8 

10. Limestone: Pale-red (lOR 6/2) and light-greenish-gray 
(5GY 8/1); dense, aphanitic; well-cemented; flat, thin
bedded; forms a vertical cliff and underlies an extensive 
bench that extends for several miles; unit 10 and top part 
of unit 9 form most conspicuous cliff in Chinle Formation, 
which caps cuesta; about 25 percent of unit contains thin
bedded pale-reddish-brown (! OR 5/4) siltstone interstrati
fied with the limestone; unit contains rare stringers of 
orange and white chert; the limestone beds in this unit 
appear to be more continuous than the limestone in the 
top part of unit 9. 5.6 

Total Owl Rock Member 328.2 

Petrified Forest Member: 
9, Claystone. siltstone, and silty limestone. Claystone and 

siltstone: Pale-red (5R 6/2), commonly mottled with 
greenish gray (5GY 6/1); bentonitic; firmly cemented, 
calcareous in parts; structureless. Silty limestone: 
Pale-red (lOR 6/2), commonly mottled with greenish 
gray (5GY 6/1); aphanitic; well-cemented. Limestone 
nodules are generally about 1 inch in diameter; a few 
irregular lenses of limestone are in top 15 feet; lime
stone nodules in basal 17 feet form about 70 percent of 
unit and in part form an interconnecting network; lime
stone nodules constitute about 30 percent of unit from 
17 to 45. 2 feet above base, about 5 percent of unit from 
45.2 to 86.4 feet, and about 50 percent of unit from 86.4 
feet to top of unit. T a north of line of section. the unit 
from 45.2 to 86.4 feet appears to contain sandstone simi
lar to that of unit 8; entire unit is tabular; forms a steep 
slope and ledge in the basal 17 feet and a vertical cliff, 
continuous with that of unit 10, from 86.4 to 108.5 feet. 108.5 

8. Claystone and sandstone. Claystone: Grayish-red-purple 
(5RP 4/2) and rare pale-reddish-brown (lOR 5/4), weath
ering pale red (5R 6/2); bentonitic; firmly cemented; 
structureless. Sandstone: Litht-greeniSh-gray (5GY 
8/0 and yellowish-gray (5Y 8 1), commonly mottled with 
grayish red (lOR 4/2), weathering yellowish gray (5Y 
8/1); very fine to coarse-grained; poorly sorted; com
posed of subangular, clear and milky quartz; some 
coarse-grained dark-green mica and common orange 
accessory minerals; firmly cemented, noncalcareous; 
composed of thin trough sets of low-angle and small
scale crossbeds. Entire unit forms a steep slope and 
badlands topography; along line of section sandstone 
forms middle third of unit, but away from line of section 
the sandstone channels into and in places entirely cuts 
out the underlying claystone unit; thin resistant bed of 
sandstone from 36.1 to 36.9 feet forms a small ledge. 96 

7. Silty claystone and silty limestone: Unit is tabular; forms 
most prominent ledge in the Chinle Formation below the 
ledge capping the cuesta. 

Silty claystone: Grayish-red-purple (5RP 4/2), weath
ering pale red purple (5RP 6/2); bentonitic; firmly 
cemented, noncalcareous; structureless. 

Silty limestone: Light-greenish-gray (5GY 8/1) and 
pale-red (5R 6/2); aphanitic; well-cemented; con
tains rare rounded granule-size masses of lime
stone; irregular nodules of silty limestone are as 
much as 9 inc hes in diam eter; thin lenses of silty 
limestone extend for at least SO feet along the out
crop; silty limestone constitutes about 50 percent 
of the unit. 14.5 

6. Clayey sandstone, siltstone, and claystone. Clayey sand
stone: Light-greenish-gray (5GY 8/1) and light -brown
ish-gray (5YR 6/1) with minor pale-reddish-brown (lOR 
S/4) mottling, weathering pale red (lOR 6/2) and light 
greenish gray (5GY 8/1); same type of clayey sandstone 
as in unit 4; clayey sandstone has some horizontally lam
inated sets and some thin trough sets of low-angle and 
small-scale crossbeds. Siltstone and claystone: PalE-
reddish-brown (lOR 5/4), pale-red (lOR 6/2), and pale
red-purple (SRP 6/2), Weathering pale reddish brown 
(lOR 5/4); bentonitic; firmly cemented; structurE-less. 



Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, ArizonaJ New Mexico, and Utah-Continued 

UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member-Continued 
Entire unit forms steep badland slopes; unit differenti
ated from units below by presence of conspicuous pale
reddish-brown (lOR S/4) bands; commonly contains 
limestone nodules; forms a continuous ledge along line 
of section from 111. 7 to 122.8 feet, which ledge con
tains abundant pale-olive (lOY 6/2) claystone beds; 
abundant large limestone nodules are in a claystone 
bed about 3 feet thick at bottom of this ledge; about 
60 feet of unit is claystone; base of unit is near or at 
base of cliffs and is placed arbitrarily below lowest 
pale-reddish-brown (lOR S/4) band. 

5. Clayey sandstone, siltstone, and claystone: Same as 
unit 4 except that unit is about 50 percent red with 
rare purple and 50 percent gray; in addition, the unit 
has many thin to very thick intervals containing com
mon to abundant limestone nodules; these nodules are 
light greenish gray (SGY 8/1) and pale red (lOR 6/2) 
and average from ~ to 1 inch in diameter; about 100 
feet of unit is claystone and siltstone; units 4 and 5 
are exposed completely but form a broad flat about 
3t miles wide; the thickness of units 4 and 5 was cal
culated with the help of a plane-table traverse. 

4. Clayey sandstone, siltstone. and claystone: Light-green
ish-gray (SGY 8/ I), light-gray (N 7), medium-light
gray (N 6), greenish-gray (SGY 6/1), common grayish
red (SR 4/2 and lOR 4/2). and rare pale-red (SR 6/2) 
and grayish-red-purple (SRP 4/2), weathering yellowish 
gray (5Y 8/1), light greenish gray (5GY B/1), and rare 
purple and red, colors banded. Clayey sandstone: Very 
fine to medium-grained; poorly sorted; composed prin
cipally of subangular milky quartz, about 10 percent or
ange and green grains, and about 5 percent medium- to 
coarse-grained dark-green mica; weakly cementedJ ar
gillaceous; stratification appears to be expressed as 
color bands; color bands are horizontal with breaks a 
few inches to a,s much as 20 feet apart; probably 10 to 
20 percent of the clayey sandstone has color bands that 
indicate it is composed of trough sets of low-angle and 
large-scale crossbeds, which are generally 5 to 10 feet 
thick. Siltstone and claystone: All gradations from 
claystone to sandy siltstone; firmly cemented; struc
tureless or in horizontal bed from 5 to 20 feet thick. 
Clay in unit is bentonitic; entire unit forms badland 
topography; unit forms lighter colored badlands near 
bottom of Chinle Formation; many silicified tree logs 
in zone from 92 to 102 feet below top of unit; logs are 
as large as 4.2 feet in diameter and 85 feet long; about 
70 feet of unit is claystone and siltstone; the clayey 
sandstone commonly contains clay galls. 

3. Sandstone: Yellowish-gray (SY B/1) and grayish-red (lOR 
4/2), streaked and mottled; fine-grained. rare medium 
to coarse grains; fair-sorted; composed of subangular, 
milky quartz; medium-grained dark mica and orange 
and gray accessory minerals; abundant interstitial 
white material; firmly cemented, slightly calcareous; 
composed of thin planar sets of small- to medium
scale crossbeds; forms a ledge and underlies bench; 
top 5 to 10 feet of unit is well cemented with calcareous 
cement and appears to form an irregular contact with 
unit 4; lateral relations of unit are complex and poorly 
exposed, in places a 10-foot bed of siltstone separates 
the unit, to the south the sandstone overlying the silt
stone probably pinches out in a few hundred feet, to the 
north the siltstone pinches out and the unit is entirely a 
massive sandstone; also, to the north the unit appears 
to fill a broad channel that cuts out unit 2. 

Total Petrified Forest Member 

Shinarump Member: 
2. Conglomerate and pebbly sandstone, sandstone, and silt

stone: Entire unit is lentiCUlar; forms a ledge and 
underlies a prominent bench. 

Conglomerate and pebbly sandstone (80 percent of 
unit): Very pale orange (10YR B/2), pale-yellow
ish-orange (10YR B(6), pale-red (lOR 6/2), and 
grayish-red (5R 4/2), weathering very pale orange 
(lOYR 8/2) and pale yellowish orange (10YR B/6). 

Matrix: Fine to very coarse grained; poorly 
sorted; composed of subangularJ clear quartz. 

Gravel: Granules to pebbles composed of round
ed quartz, quartzite, and rare chert; average 
diameter t to 1 inch, maximum diameter 2 
inches; weakly cemented, noncalcareous; 
composed of thin to thick, trough sets of me
dium-scale crossbeds; most sets are poorly 
definedi partly structureles8. 

Sandstone (10 percent of unit): Same as conglomerate 
and pebbly sandstone, except that Some parts are 
fair sorted and fine grained. 

Siltstone (10 percent of unit): Light-gray (N 7) and 
pale-t'ed (SR 6/2), weathering light gray (N 7) and 
pale red (5R 6/2); well-cemented, noncalcareous; 
forms irregular lenses, some of which appear to 
be boulders. 

Total Chinle Formation 

UNCONFOHMITY: Contact of Shinarump Member and Moenkopi 
Formation is sharp and has minor irregularities as much as 
1 foot in depth; to the north of the section the contact appears 
to form a channel cutting at least 3 feet into the Moenkopi 
Formation. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation (incomplete): 

1. Siltstone: Pale-reddish-brown (lOR 5/4) and grayish
red (lOR 4/2), weathering pale reddish brown (lOR5/4) 
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MJDDLE(?) AND LOWER TRIASSIC-Continued 
Moenkopi Formation-Continued 

3. Siltstone and silty sandstone, alternating: 
Siltstone: Pale-reddish-brown (lOR S/4); silt to very 

fine grained sand; weakly cemented, calcareous; flat, 
irregUlar, lenticular, very thin to thin-bedded; sand
stone ledges occur 5 and 45 feet from base; mUdstone 
and mud cracks are near top of unit; forms a regular 
slope. 

Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
coarse-grained sand; poorly sorted; composed of 
subangular, clear quartz; weakly cemented, calcar
eous; flat, lenticular, very thin to thin-bedded; pseu
docrossbedding; weathers blocky and hackly; forms 
an irregular ledge; common calcite geodes; some 
coarse-grained sand stringers and siltstone frag
ments; mud cracks; base is gradational. 

2. Conglomeratic and limy sandstone: Moderate-orange
pink (lOR 7/4); very fine grained; fair-sorted; com
posed of subangular grains; weakly to firmly cemented, 
calcareous; flat, irregular, thin- to thick-bedded; 
weathers blocky; forms an irregular ledge; contains 
angular chert fragments as much as 2 inches in diam
eter; base is sharp. 

Total Moenkopi Formation 

PERMIAN: 
Kaibab Limestone: 

1. Sandy limestone: Grayish-orange (10YR 7/4); fine- to 
medium-grained sand; irregular, flat-bedded; weath
ers blocky and pitted; forms an irregular ledge. 

DISTRICT 4 

lB. -North Low Mountain 

Low MountainJ 8 miles east-southeast of Pinon 
73-5.6-13.6 

[Measured by J. P. Akers and H. G. Pagel 

UPPER CRETACEOUS: 
Tareva Formation: 

6. Conglomeratic sandstone: Light-yellowish-gray (SY B/2), 
Weathering very pale orange (lOYR B/2); fine to very 
coarse grained; poorly sorted; contains subrounded 
to subangular pebbles as much as half an inch in diam
eter; pebbles are coarser and more prevalent in upper 
part of unit; firmly cemented; flat, thin to very thick 
bedded; unit is a coset; wedge, asymmetricalJ and 
plunging trough crossbedding, concave high-angle and 
medium-scale crossbeds; weathers blocky; forms a 
vertical cliff; contains brown to black siltstone lenses 
as much as 10 feet thick; base is gradational and ir
regular. 

5. Siltstone: DUSky-brown (SYR 2/2) to black (N 1); clay to 
very fine grained sand; poorly sorted; weakly cemented; 
flat, thin to very thin bedded; weathers hackly to smooth; 
forms an irregular slope; base is gradational and ir
regular. 

4. Sandstone: Light-yellowish-gray (5Y B/2); fine- to medi
um-grained; fair-sorted; mica and iron-rich accessory 
minerals; firmly cemented; flat, thick to very thick bed
ded; unit is a coset; wedge planar crossbedding, con
cave low-angle and medium-scale crossbeds; weathers 
blocky; forms a vertical cliff; a dark-brown titaniferous 
sandstone bed, 1 to 6 inches thick, caps unit; base is 
gradational and irregular. 

3. Siltstone and sandstone: Weathers hackly; forms an ir
regular slope; base is gradational and irregular. 

Siltstone: Dusky-brown (5YR 2/2) to black (N I), 
weathering brown to black; clay and silt. 

Sandstone: Light-yellowish-gray (5Y B/2); fine-
to medium-grained; poorly sorted; mica and iron
rich accessory minerals; weakly to firmly ce
mented; flat, very thin to thick-bedded; tabular 
and asymmetrical trough crossbedding, concave 
high-angle and small-scale crossbeds. 

2. Sandstone: Light-yellowish-gray (5Y B/2), weathering 
very pale orange (10YR B/2); silt to very coarse grained 
sand; poorly sorted; mica, selenite. and iron-rich ac
cessory minerals; weakly to firmly cemented; flat, 
very thin to very thick bedded; unit is a coset; tabular, 
asymmetrical, and plunging trough crossbedding; con
cave high-angle and medium-scale crossbeds; tabular 
planar crossbedding and low-angle crossbeds in basal 
11 feet of sandstone; weathers blocky; forms a vertical 
cliff; contains carbonaceous siltstone layers as much as 
6 inches thick and brown siltstone; base is gradational 
and irregular. 

Total Toreva Formation 

Mancos Shale (incomplete): 
1. Siltstone and sandstone: Gray and dusky-brown (5YR 2/2); 

clay to fine-grained sand; poorly sorted; selenite crys
tals accessory mineral; weakly to firmly cemented; flat, 
very thin to thin-bedded; weathers hackly; forms an ir
regular slope; contains Collignoniceras [Prionotropis 
woollgari Mantel1(?)] zone at base, fragmental speCI
mens found in float below, none found in place; unit is 
bleached; base is gradational and concealed. 

19. -Wepo Wash 

West side of Wepo WaSh, 6~ miles northeast of Pinon 
73-8.9-4.B 

[Measured by J. P. Akers and H. G. Pagel 
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and grayish red (lOR 4/2); common very fine grained 
white mica accessory mineral; well-cemented, noncal
careous; flat, very thin to thick-bedded; minor ripple 
bedding; forms a steep rubble-covered slope; about 
30 feet of unit is exposed; contains some gray and 
purple bands; top 5 feet is massive. 

Base of section, ba~e of exposure. 

B. -South of Black Point, west of Little Colorado River, 
and 17 miles south-southeast of Cameron 

117-4.5-4.0 

[Measured by M. E. Cooley, J. P. Akers, and P. R. Stevens] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
II. Conglomeratic sandstone: Olive-gray (5Y 4/0. 

Matrix: Very fine to very coarse grained; composed 
of subrounded to subangular, clear and stained quartz; 
black and red accessory minerals; well-cemented, 
siliceous. 

Pebbles: Well-rounded; composed of quartz, quartzite, 
jasper J and some dark volcanic material as much as 
1 inch in diameter; alined in stringers and concen
trated in lenses. Wedge simple and trough cross
bedding, low- to high-angle and medium- to large
scale crossbeds; weathers blocky; forms a vertical 
ledge; base is gradational. 22 

10. Conglomerate: Yellowish-gray (5Y 8/1). 
Matrix: Very coarse grained; poorly sorted; composed 

of angular quartz sand; black and red accessory min
erals; well-cemented, siliceous. 

Pebbles: Same as pebbles in unit 11 but more evenly 
disseminated throughout unit. High-angle and small
to medium-scale crossbeds; weathers blocky; forms 
a vertical ledge; base is sharp. 5 

Total Chinle Formation 27 

UNCONFORMITY: Erosional; I-foot bleached zone in top of Moenkopi 
Formation; relatively flat. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

9. Sandy siltstone: Pale-reddish-brown (lOR 5/4); silt to 
medium-grained sand; poorly sorted; composed of sub
rounded to subangular, clear and stained quartz; mica 
accessory mineral; firmly cemented, calcareous; len
ticular, thin-bedded; forms an irregular rolling slope; 
contains several sandstone lenses as much as 2 inches 
thick; near top unit becomes muddy and color changes 
to a variegated and mottled blue gray, yellow, orange, 
and brown; base is gradational. 36 

8. Sandstone: Pale-reddish-brown (lOR 5/4); silt to medium
grained sand; poorly sorted; composed of subrounded to 
subangular, clear and stained quartz; black accessory 
minerals; weakly to firmly cemented, calcareous; len
ticular, thin- to thick-bedded; lenticular and wedge 
crossbedding, small-scale crossbeds; weathers blocky; 
forms an irregular ledge; numerous bone fragme nts in 
conglomeratic lenses; unit contains several siltstone 
beds similar to unit 7 A; swash(?) and rill marks on 
some foliation surfaces; base is gradational and irregu-
lar. 20 

7E. Siltstone: Same as unit 7A. 27 
7D. Siltstone and sandstone, alternating: Sandstone is same 

as unit 7B, with ripple marks. 6 
7C. Siltstone: Same as unit 7 A. 22 
7B. Sandstone: Pale-yellowisb-brown (lOYR 6/2); very fine 

to fine-grained; fair sorted; composed of subrounded, 
clear and stained quartz; biotite accessory mineral; 
weakly cemented, calcareous; lenticular, flat-bedded; 
pseudocrossbedding; weathers blocky; forms a ledge; 
base is sharp. 

7A. Sandy siltstone: Dark-reddish-brown (lOR 3/4); silt to 
fine-grained sand; poorly sorted; composed of sub
rounded to subangular quartz; mica accessory mineral; 
weakly cemented, calcareous; flat, irregular, lenticular, 
very thin to thin-bedded; weathers hackly; forms an ir
regular slope; contains a few very fine grained sandstone 
beds; common bleached zones and gypsum stringers; 
base is gradational. 40 

6. Sandy siltstone and sandstone, alternating. 
Sandy siltstone: Grayish-red (5R 4/2); silt to very fine 

grained sand; poorly sorted; composed of subrounded 
clear quartz; weakly cemented, calcareous; flat, ir
regular, lenticular, very thin to thin-bedded; weathers 
blocky and hackly; base is gradational. 

Sandstone: Pale-reddish-brown (lOR 5/4); silt to medi
um-grained sand; poorly sorted; composed of rounded 
to subrounded, clear and stained quartz; weakly ce
mented, calcareous; flat, irregular, lenticular, very 
thin to thin-bedded; pseudocrossbedding; weathers 
blocky and hackly; forms an irregular ledge; base is 
gradational. . 34 

5. Limy sandstone: Pinkish-gray (5YR 8/1); silt to fine_ 
grained sand; poorly sorted; composed of subrounded 
to subangular, clear and stained quartz; black accessory 
minerals; firmly cemented, calcareous; lenticularly bed
ded; lenticular simple and trough crossbedding, low
angle and small- to medium-scale crossbeds; weathers 
blocky and pitted; forms a vertical cliff; base is flat and 
sharp. 40 

4. Sandy siltstone: Light-olive-gray (5Y 5/2) and light-red 
(5R 6/6); silt to fine-grained sand; fair-sorted; com
posed of subrounded to subangular grains; argillaceous 
material; weakly to firmly cemented, calcareous; flat, 
lenticular, very thin to thin-bedded; weathers blocky and 
rounded; forms an irregular ledge; base is gradational. 

UPPER CRETACEOUS: 
Yale Point Sandstone: 

12, Sandstone: YelloWish-gray (5Y 8/1); very fine to medium
grained; fair to poorly sorted; composed of subrounded 
to Bubangular, clear, stained, and frosted quartz; feld
spar and mica accessory minerals; weakly to firmly 
cemented; tabular planar and asymmetrical trough 
crossbedding, low- to bigh-angle and medium-scale 
crossbeds; weathers blocky; forms an irregular cliff; 
commonly contains encrustations of iron oxide and 
iron-stained petrified wood; base is irregular and 
gradational. 50 

Wepo Formation: 
11. Siltstone and sandstone: Base is gradational. 

Siltstone: Light-gray (N 7) to dark-gray (N 3) and 
brown; weakly cemented; flat, very thin to thin
bedded; weathers smooth; forms an irregular to 
regular slope; contains carboniferous material. 

Sandstone: YelJowish-gray (5Y 8/1); very fine to 
medium-grained; high-angle crossbeds; forms" a 
ledge. 314 

10. Sandstone: Yellowish-gray (5Y 8/1); silt to very coarse 
grained sand; fair to poorly sorted; composed of sub
rounded to subangular, clear, stained, amber, and 
frosted quartz; feldspar accessory mineral; firmly 
cemented; irregular, lenticular, thick to very thick 
bedded; wedge, tabular, and asymmetrical trough 
crossbedding; low-angle and medium-scale crossbeds; 
weathers rounded, pitted, and knobby; forms an irregu-
lar cliff; vertical jointing; base is sharp. 28 

9. Siltstone or mudstone: Olive-gray (5Y 3/2) to black (N 1); 
weakly cemented; flat, laminated to thin-bedded; weath
ers smooth; forms a regular slope; lenticular sandstone 
beds occur throughout unit; base is gradational. 73 

8. Sandstone: Yellowish-gray (5Y 8/1); very fine to coarse 
grained; fair to poorly sorted; composed of subrounded 
to subangulal', clear and fr"osted quartz; feldspar and 
mica accessory minerals; weakly to firmly cemented; 
irregular, lenticular, thin to very thick bedded; asym
metrical trough crossbedding, medium-scale crossbeds; 
weathers rounded and blocky; forms an irregular ledge 
and slope; commonly contains iron concretions as much 
as 3 inches in diameter and flattened mud pellets; car
bonized plant fragments common along bedding planes; 
base is sharp. 23 

7. Silty sandstone: Yellowish-gray (5Y 8/1); silt to fine
grained sand; poorly sorted; composed of subrounded 
to subangular quartz; mica accessory mineral; weakly 
cemented; irregular, very thin to thin-bedded; forms 
an irregular ledge and slope; unit becomes progressive
ly silty toward top until it becomes a siltstone; contains 
an iron-cemented ledge of medium- grained dusky-yellow 
(5Y 6/4) sandstone having trough crossbedding and con
taining iron concretions as much as 2 inches in diam
eter; a 5-foot-thick bed of lignite occurs near top of 
unit; base is gradational. 84 

6. Sandstone: Same as unit 4; crossbedding is better devel
oped than in unit 4; iron stains along crossbeds; common
ly contains iron-stained concretions as much as 8 inches 
in diameter near the top; two bluish-gray mudstone 
lenses 3t feet thick occur in unit; unit is conglomeratic 
toward top. 67 

5. Mudstone and sandstone: Sandstone beds occur about 20 
and 45 feet above base of unit; base is concealed. 

Mudstone: Olive-green; mica accessory mineral; 
weakly to firmly cemented; forms a regular slope. 

Sandstone: Yellowish-gray (5Y 8/1); very fine to me
dium-grained; fair-sorted; composed of clear, 
stained, and frosted quartz; mica accessory min
eral; weakly to firmly cemented; irregular, len
ticular, thick to very thick bedded; asymmetrical 
trough crossbedding, small-scale crossbeds; weath-
ers pitted and knobby; forms a ledge and slope. 67 

Total Wepo Formation 656 

Toreva Formation: 
4. Conglomeratic sandstone: Yellowish-gray (5Y 8/0; fine 

to very coarse grained; poorly sorted; composed of sub
rounded to subangular, clear, stained, and frosted 
quartz; feldspar and mica accessory minerals; firmly 
cemented; irregular, lenticular, gnarled, thin to very 
thick bedded; tabular simple and trough crossbedding, 
low- to high-angle and medium-scale crossbeds; weath
ers rounded, pitted, and knobby; forms an irregular 
cliff; commonly contains mudstone lenses and fragments; 
contains numerous resistant iron-stained zones; base is 
irregular and sharp. 50 

3. Siltstone: Pale-yellowish-brown (jOYR 6/2); clay, silt, 
and medium-grained sand; composed of quartz; n1ica 
accessory mineral; weakly cemented; flat, irregular, 
very thin to thin-bedded; unit is carboniferous and con
tains several sandstone lenses; alternating sandstone 
and mudstone beds near top of unit; base is gradational. 47 

2. Sandstone: Yellowish-gray (5Y 8/1); fine- to medium
grained; fair to poorly sorted; composed of clear, 
stained, frosted, and amber quartz; weakly to firmly 
cemented, calcareous; irregular, lenticular, very thick 
bedded; wedge trough crossbedding, low-angle and me
dium-scale crossbeds; weathers rounded, pitted, and 
knobby; forms an irregular cliff; contains rare limy 
lenses and is gnarly near bottom; contains a few beds 
of brown carbonaceous siltstone; shark's teeth in lower 
limy ledge; base is gradational. 45 

Total Toreva Formation 142 

Mancos Shale: 
1. Siltstone: Dark-gl'ay (N 3) to black (N 1) and brown; 

weakly cemented; very thin to thin-bedded; forn1s an 
106 
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Table 3, - . Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER CRETACEOUS-Continued 
Mancos Shale-Continued 

irregular slope; lignite at various horizons near top; 
contains pelecypods near base; base is concealed. 

DISTRICT 

20. -Toreva 

Second Mesa, 2 miles north-northwest of Toreva and 
7 miles southeast of Oraibi 

95-0.6-12.2 

[Measured by H. G. Page and J. M. Evensen] 

UPPER CRETACEOUS: 
Toreva Formation: 

8. Sandstone: Yellowish-gray (5Y 8/1) to very pale orange 
(lOYR 8/2); very fine to very coarse grained; poorly 
sorted; subrounded to subangular grains; weakly to 
firmly cemented; flat, thin to very thick bedded; len
ticular and plunging planar crossbedding, high-angle 
and medium-scale crossbeds; weathers massive and 
blocky; forms a vertical cliff; contains argillaceous 
material and flattened clay galls as much as 2 inches 
in diameter; iron-rich concretions less than 5 inches 
in diameter are common near top; fluviatile environ
ment; base is sharp. 

7. Sandstone: Yellowish-gray (5Y 8/1); medium-grained; 
high-angle crossbeds. 

6. Sandstone and siltstone, interbedded: Yellowish-gray 
(5Y 8/1) to green; clay to medium-grained sand; poor
ly sorted; weakly to firmly cemented; flat, very thin 
to thick-bedded; weathers smooth to blocky; forms 
irregular slopes and ledges; base is gradational and 
irregular. 

Unit consists, in descending order, of: 
d. Siltstone: Green. 5.5 
c. Claystone: Brownish-

green. 12.5 
b. Siltstone:' Buff. .5 
a. Mudstone: Light-brownish-

green. 3.5 
5. Sandstone: Yellowish-gray (5Y 8/1); fine- to coarse

grained; poorly sorted; flat, thin to very thick bedded; 
unit is a coset; lenticular and plunging trough C'rossbed
ding, high-angle and medium-scale crossbeds; weathers 
blocky; forms a vertical cliff; contains argillaceous in
clusions; a 3-foot-thick zone composed of alternating 
sandstone and siltstone occurs 7 feet above bottom of 
unit; iron-rich cap as much as 6 inches thick; fluviatile 
environment; base is sharp. 

4. Claystone, coal, mudstone, and siltstone, alternating: 
Light-gray (N 7) to black (N 1); clay to fine-grained 
sand; poorly sorted; weakly to firmly cemented; flat, 
il'.t'egulal', very thin to thick-bedded; weathers smooth 
to blocky; forms an irregular slope; base is gradational 
and irTE'gular. 

Unit consists, in descending order, of: 
n. Siltstone: Buff. 7.75 

m. Siltstune: Green. .50 
1. Siltstone: Bl·ownish-green. 3.00 
k. Claystone: Purple. 5,25 
j. Mudstone: Brown. :3, 50 
i,. Sandstone: Yellowish-gray 

(5Y8/1). ~.OO 
h. Mudstone: Dusky-brown 

(5YH 2/2). 3.00 
g. Lignite: Black (N 1). ~. 50 
r. Claystone: Light-gray 

(N 7); baked. .25 
e Lignite: Black (N 1). 2.50 
d. Claystone: Light-gray 

(N 7); baked. .25 
('. Mudstone: Dusky-brown 

(5YR 2/2). 3.50 
b. Coal: Black (N I); sub-

bituminous. 5.00 
a. Mudstone: Black (N 1); 

carbonaceous. 1. 00 
:J. Sandstone: Yellowish-gray (5Y 8/1); fine- to medium

grained; fair-sorted; weakly to firmly cemented; flat, 
irregular, thin to very thick bedded; unit is a coset; 
lenticular trough crossbedding, concave high-angle and 
medium-scale crossbeds; weathers blocky and massive; 
forms a vertical ('liff; fluviatile environment; base is 
sharp. 

Unit consists, in descending order, of: 
e. Sandstune: Yellowish-gray 

(5Y 8/ I). 14.;; 
d. Surface of erosion(?). 
c, Sandstone: Yellowish-gray 

(5Y 8/0; lenticular. 2.0 
h. Sandstone: Light-buff. 24 
a. Sandstone: Light-gray 

(N 7). 8.5 
2. Sandstone: Light-bl'own (5YR 6/4 to 5YR 5/6); fine

grained; well-sorted; weakly to firmly cemented; flat, 
thick to very thick bedded; unit is a coset; tabular and 
plunging planar crossbedding, concave low-angle (lower 
20 feet) to high-angle (upper 58 feet) and medium- to 
large-scale crossbeds; weathers massive and blocky; 
forms a vertical cliff; argillaceous parting planes; 
base is gradational and irregular. 

Feet 

13 

61 

18 

22 

40.5 

44 

49 

UPPER CRETACEOUS-Continued Feet 
Mancos Shale-Continued 

1. Limy siltstone and sandstone: Yellowish-gray (5Y 8/1) to 
dusky-brown (5YR 2/2); silt to fine-grained sand; slightly 
crystalline; fair-sorted; mica and red accessory miner
als; firmly cemented; flat, gnarly, thin-bedded; unit is 
a coset; concave medium-angle and small-scale cross
beds; weathers blocky; forms an irregular ledge; fucoids 
are present; also present are Collignoniceras (Prionotro~is) 
woollgari, abundant plant fragments, Inoceramus(? ), an 
fIsh vertebrae; base is sharp and irregular. 0.5 

Total incomplete Mancos Shale 19.5 

22. -Tovar Mesa 

26 miles northeast of Leupp 
114-7.5-14.0 

[Measured by R. L. Jackson and J. T. Callahan] 

UPPER TRIASSIC(?): 
Kayenta Formation: 

12. Cherty limy sandstone and sandy limestone: Light-gray 
(N 7), moderate-reddish-orange (lOR 6/6), and moderate
reddish-brown (lOR 4/6), mottled; fine- to medium
grained; poorly sorted; composed of subangular, frosted 
quartz; common red accessory minerals; well-cemented, 
highly calcareous; irregularly and gnarly bedded; weath
ers rough and knobby; forms an irregular ledge and caps 
mesas in the area; abundant chert and jasper inclusions; 
base is sharp and irregular. 5.0 

Unconformity: Erosional, 5 to 10 feet of relief. 
Moenave Formation: 

Dinosaur Canyon Sandstone Member: 
11. Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2); very fine 

to coarse-grained; poorly sorted; composed of rounded 
to subangular, clear and frosted quartz; common red and 
rare black accessory minerals; argillaceous material; 
weakly cemented; trough crossbedding, high-angle cross
beds; weathers rough; forms an irregular cliff; contains 
rare secondary chert inclusions that are concentrated 
along bedding planes; base is sharp and irregular. 15 

10. Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2) and moder
ate-reddish-brown (lOR 4/6); medium-grained; poorly 
sorted; composed of subangular, clear and stained quartz; 
rare red and black accessory minerals; weakly cemented, 
calcareous; massive, flat-bedded; contains some trough 
crossbedding, high-angle and medium-scale crossbects; 
weathers smooth and rounded; forms a recess; contains 
mudstone partings and rare petrified wood; base is sharp 
and irregular. 7.8 

9. Sandstone: Light-brown (5YR 6/~ to 5YR 5/6); very fine 
grained; fair-sorted; composed of subrounded to subangu
lar, clear and stained quartz; common black accessory 
minerals; well-cemented; simple and trough crossbedding, 
Iow- to high-angle and medium- to large-scale crossbeds; 
weathers smooth and rounded; forms a rounded cliff; unit 
contains lenses of mUdstone and siltstone that thin visibly 
along the strike; base is sharp. ' 61.3 

8. Mudstone: Dark-reddish-brown (lOR 3/~); firmly ce
mented; gnarly and irregularly bedded; \ ... ·eathers hackly; 
forms a recess; unit is lenticular and thins visibly along 
strike; base is sharp. 5. U 

7. Siltstone: Moderate-reddish-brown (lOR ~/6); abundant 
black accessory minerals; firmly cemented; flat-bedded; 
trough C l'ossbedding, low -angle cross beds; weathers 
rough; forms an irregular slope; flat-bedded units grad£" 
upward into (' rossbedded units, which average -t feet in 
thickness; base is sharp and flat. 38.8 

6. Sandstone: Light-brown (5YR 6/~ to 5YR 5/6); very fine 
grained; fair-sorted; composed of subangulat' J clear and 
stained quartz; common black accessory mine-rals; fil'm
ly cemented; simple and trough crossbedding, lo\\'- to 
high-angle and large-scale crossbeds; weathers smooth 
and rounded; forms a rounded cliff; base is ShUl'P and 
flat. ~[i. 7 

5. Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2), wc'athel'ing 
dark gray (N 3); very fine to fine-grained; poody HOl'tpti; 
composed of subrounded to subangular, clear and frost t'd 
quartz; rare black and amber accessory minPl'als; wl'll
cenlE'nted, calcareous and siliceous; irregUlar, thin-bed
dedi weathers flaggy; forms a ledgp; contains common 
calcite geodes one-sixteenth of an inch in diametel'; l'OIl-

tains dinosaur tracks on the upper surface; base is flat. 1.ll 
•. Sandstone: Pale-reddish-brown (lOR 5/.), weatlll'ring 

moderate brown (5YR 4/~ to 5YR 3/~); silt to very fine 
grained sand; poorly sorted; composed of subl'oumll'd to 
subangular J stained quartz; abundant black and common 
l'ed accessory minerals; well-cementpct; simpl£" and t l'ough 
crossbedding, low-angle and medium- to large-scale t'l'OSH
beds; weathers knobby; forms a rounded cliff; contains 
poorly preserved dinosaur tracks; thin lenses of duskY-lTd 
(5R 3/.) mudstone; base is concealed. [;2.2 

3. Covered interval: Forms irregular and l'olling flats, -!:n.7 
2. Limestone: Light-brownish-gray (5YR (l/1), Wl'athl'l'ing 

medium brownish gray (5Y~ 5/1); coarsely l'l'ystallilll'; 
gnarly, very thin bedded; weathers pitted; f01'111S an ir
regular ledge; contains poorly preserved plant l'£"mains; 
base is sharp and flat. 1. 5 

1. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grailll'd; 
poorly sorted; composed of rounded, clear and stain£"d 
quartz; rare black accest?0ry minerals; very thin bl'dded; 
simple and trough crossbedding, low-angle and mpr\ium-



Unit consists, in descending order, of: 
g. Sandstone. 20. 5 
f. Mudstone lens. I. 0 
t'. SandRtOIlt'. 12 
d. Mudstonp. 2.0 
l'. SandstOJ1t'. 15 
b. Mudstone. 3.0 
a. SanclHtOllP. 25 ~ 

Total Tort'va li'ol'll1ation :H a 
Malll'O~ SImII;' (iI1l.'Otlll)ll'tl'): 

1. MudstlHll': Gnlyisil-but'f; clay to silt; faiJ'-sot'ted; wt'ak
ly l'l'llli.'lltl'd; spIt'llitt' al'l'PSSOl'Y milHll'al; flat, lami
nated to VPl')' thin b(->ddedj weathers smooth; forms a 
I'nlling slopp; silt conh'nt incrC'[lsPs tow<ll'd top; ('on-
l'l'ptions l'ommon; bast' is ('oncpalt'd. 137.5 

21. -Awatobi 

East :'licit' of ,Jl'ddito Wash, 10 miles southwt'st of Kealns Canyon 
113--t.3-2.0 

IMl'asul'pd by lI, G. Page, C. A. 1{f'ppnning, and.J. P. Akel'sJ 

UPPER CHETACEOUS: 
T01'('va Formation: 

8. Sandstone: Yellowish-gray (5Y 8/1), wealhel'ing very pale 
ot'ang" (IDYl{ 8/2) to grayish orange pink (lOR 8/2); fine 
to veT,',' coal'se grilined; poorly sorted; feldspar and Inica 
accessory minerals, some l'pd zones; fil'mly cemented; 
flat, thin to very thick bedded; unit is a cos('t; wpdge, 
asymn1l'tl'ic:J.l, and plunging trough l'l'ossbedding, con
{'[lVl' lo\\'- to Inedium-angle and mediunl-scale l'rossbeds; 
weathers blocky; t'ol'ms a vertical cliff; unconsolidaf<-'d 
l'ovk ckforl11ation is present in form of slumping and 
folding of strata; comlTIonly contains mud pellets, flat
tened h~nBl'S as much as 6 inches in diameter, and sand 
l'oncl'E'tions as much as 3 inches in diametel'; conglom
l'l'atic tow:J.l'd top, pebbles as much as half an inch in 
ciiaIlletl'l'; claystone' lens 3 feet thick near top; base is 
gradational and il'l'egular, 110 

7. Siltstol1t' and sandstone': YE'llowish-gray (5Y 8/1); clay 
to nlPdiull1-grainecl sand; poorly sorted; Jnic'a and blal'k 
[manganese(?)J accessory minel'als; weakly to firmly 
cemented; flat, vel'y thin to thin-bedded; sandstonl' unit 
is a coset; wedge tl'ough crossbedding, low- to medium
angle and mediu111-scale crossbeds; weathers smooth to 
blocky; for111s an irregular slope with sandstone ledges; 
commonly contains sand concretions as nluch as 1 ~ inches 
in diametcr; sandstone lens in middle of unit has low
angle and medium-scalc crossbedding, with unconsoli
dated rock deformation present; carbonized wood float 
found in middle of unit; crumbly brownish~green clay
stone 97 feet above bottom of unit; interbedded siltstone 
and sandstone in upper 7 feet; base is gradational and 
irregular. 110 

6. Sandstone: Yellowish-gray (5Y 8/1); fine-grained; \Vell
sorted; mica and black and red accessory minerals; 
firmly cemented; flat, thin~ to thick-bedded; unit is a 
coset; tabular trough crossbedding. concave low~angle 
and medium-scale C'rossbeds; weathers blocky; forms 
a vertical cliff; vertical jointing, trending northeast and 
northwest sets; commonly contains sand concretions as 
much as 1 inch in diameter; fossil fucoids are present; 
middle of unit is carbonaceous and contains common 
plant fragments; lower 5 feet weathers to a slope; base 
is gradational and irregular. 87 

5. Sandstone: Yellowish-gray (5Y 8/1) to very pale orange 
(lOYR 8/2); fine- to medium-grained; fair-sorted; mica 
aCl'essory mineral; firnlly cemented; flat, thick-bedded; 
unit is a coset; wedge, asymmetrical, and plunging trough 
crossbedding. concave low-angle and rnedium~scale C'ross
beds; weathers blocky and massive; forms a vertical cliff; 
vertical jointing; commonly contains sand concretions as 
much as :3 inches in diameter; lower 16 feet is vel'Y pale 
orange (lOYR 8/2) and has very low angle crossbeds; up
per 11 feet is yellowish gray (5Y 8/1) and has rnedium
angle crossbeds; thin siltstone lenses are present; iron
rich dusky-brown (5YR 2/2) cap a few inches thick is at 
top of unit; fluviatile environment; base is gradational 
and irregular. 27 

-to Sandstone: Yellowish-gray (5Y 8/1); fine- to medium
grained; fair-sorted; mica and black accessory miner~ 
als; firmly cemented; flat, thin-bedded; unit is a coset; 
wedge trough crossbedding, concave low-angle and rne
dium~scale crossbeds; weathers blocky to hackly; forms 
an irregular slope; commonly contains sand concretions 
as much as 1 inch in diameter and thin lenses of brown 
siltstone; fish and sharks' teeth, fish scales, and reptile 
bone found; base is gradational and irregular, 24 

0. Sandstone: Yellowish-gray (.SY 8/1); fine- to medium
grained; fair-sorted; mica accessory mineral; well
cemented; flat, thin- to thick-bedded; unit is a coset; 
wedge and tabular trough crossbedding, concave low
angle and medium-scale crossbeds; weathers blocky; 
forms u vel'tical cliff; commonly contains siltstone 
lenses as much as 11 feet thick; unconsolidated rock 
deformation present; sharks' teeth found 10 feet above 
bottom and in iron-rich brown lens. 5 inches thick. on 
top oj' unit; base is sharp and irregular. 31 

Total Tot'eva Formation ;~8H 

Mane os Shale: 
2. Siltstone: Gruyish-brown (5YH 3/2); clay to very finc 

grained sand; poorly sorted; black and red accessory 
minerals; weakly cemented; flat, laminated to very 
thin bedded; weathers hackly; forms an irregular slope; 
clam shells found in silty sandstone 15 fept above bot-
tom of unit; base is sharp and irregulal'. HI 

scale crossbeds; weathers smooth and rounded; forms a 
r'ounded and vertical cliff; base is concealed. 

Total incomplete Moenave Formation 

23. -Blue Point 

15 miles southwest of Oraibi 
115-4.10-0.75 

IM"asured by C. A. Hepenning and William Kam) 

UPPEH CHETACEOUS: 
TOl'cva Formation: 

Lower sandstone member: 
10. Undescribed. 

Tongue of Maneos Shale: 
D. Undescribed. 

Lower sandstone member continued: 
8. Undescribed. 

Mancos Shale: 

Total incomplete Toreva Formation (including 
tongue of Mancos Shale) 

~ 
319.8 

40 

25 

25 

90 

7. Upper slope unit: Undescribed. 47 
6. Ledge-forming unit containing ammonite fossils: 

Undescribed. 57 
5. Lower slope unit: Undescribed; cone-in-cone structure 

238 feet above bottom; lowest Inoceramus labiatus zone 
occurs 53 feet above base and contains abundant I. labiatus, 
abundant Neocardioceras sp., and common fragments and 
rare recognizable specimens of Ostrea sp.; highest 
Gryphaea newberryi zone occurs 26 feet above bottom 
and contains abundant Q. newberl'yi, common Exogyra 
columbella, common coral similar to Haimesiastl'aea 
conferta Vaughan, and Q. wratheri(?). 320 

Total Mancos Shale 42-+ 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

4. Claystone. carbonaceous siltstone, and coal: Dark-gray 
(N 3); flat, laminated to very thin bedded; forms a regu
lar slope; upper 10 feet is coal; contains abundant gypsum 
crystals; upper contact with Mancos Shale is sharp and 
irregular; contains common Gryphaea newberryi; lower 
contact is gradational. 20 

3. Sandstone: Grayish-yellow (5Y 8/4); medium-grained; 
well~sorted; composed of subrounded to subanguIal', dear 
and frosted quartz; common mica accessory mineral; 
forms a ledge; base is gradational. 

2. Clayey sandstone and carbonaceous shale: Medium-bluish
gray (5B 5/1); clay to fine-grained sand; fair-sorted; 
composed of subrounded to subangular quartz; flat, very 
thin bedded; splits shaly; weathers smooth; forms a 
regular slope; coal beds in top of unit range from 1 to 3 
feet in thickness. 19 

1. Sandstone: Grayish-yellow (5Y 8/4); medium- to coarse
grained; composed of subrounded to subangular, clear 
and frosted quartz; common mica accessory mineral; 
well~cemented, calcareous; irregular, lenticular, thin 
to very thick bedded; unit is a coset; tabular planar cross
bedding, low-angle and small-scale crossbeds dip to the 
northeast; some crossbeds are convex; contains some 
trough crossbedding, medium-angle and medium-scale 
cross beds; weathers pitted and knob@y; forms a vertical 
cliff; contains abundant clay pebbles, very coarse grained 
sand, and quartz pebbles; upper part of unit is medium 
grained, with iron~rich concretions and coal chips con
centrated along crossbedding planes; base is sharp and 
irregular. with 30 feet of relief in a distance of 300 feet 
and 4: to 5 feet of relief in a distance of 20 feet. 16 

Total Dakota Sandstone 57 

UNCONFORMITY. 
JURASSIC: Undescribed. 

TERTIARY: 

DISTRICT 7 

24. - White Cone 

2 miles south-southeast of White Cone Trading Post, 
19 miles south-southeast of Kearns Canyon 

112-2.3-12.0 

IMeasured by C. A. Repenning and J. H. Irwin) 

Bidahochi Formation: 
Upper member: 

14. Sandstone: Yellowish-gray (5Y 8/1); fine- to coarse
grained; poorly sorted; conlposed of subrounded to 
subangulal', clear and colored quartz; black acces-
sory minerals; argillaceous material; firmly cemented. 
calcareous; flat. thin-bedded; trough crossbedding, low
angle and small-scale crossbeds; weathers flaggy; forms 
an irregular slope; contains mud galls. pebbles, ripple 
marks and tracks; section begins at top of White Cone; 
fluviatile environment; base is sharp and flat. 33.6 

13. Silty sandstone: Light-greenish-gray (5G 8/1); clay, silt, 
and fine- to medium-grained sand; poorly sorted; com
posed of subangular. white quartz; weakly cemented l ('al
careous; flat, laminated to ver'y thin bedded; weathers 
rounded; forms an irregular slope; ('ontains snails; lacus-
trine environment; base is sharp and flat. 3. {) 

12. Sandstone: Yellowish-gray (5Y 8/1); fine- to coarse
gl'ainpd; poorly sorted; composed of subrounded to sub
angular. clear and colored quartz; black accessory min
erals; argillaceous material; firmly cemented. calcareous; 
flat, thin-bedded; wedge trough crossbedding, low-angle 

108 
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TERTIARY-Continued 
Bidahochi Formation-Continued 

Upper member-Continued 
and small-scale crossbeds; weathers rounded and 
flaggy, etching on crossbedding planes; forms a regu
lar slope; contains mud galls and pebbles; fluviatile 
environment; base is sharp and flat. 

11. Silty sandstone: Light-greenish-gray (5GY B/l); clay, 
silt, and fine- to medium-grained sand; poorly sorted; 
composed of subangular, white quartz; argillaceous ma
terial; weakly cemented, calcareous; flat, laminated to 
very thin bedded; weathers rounded; forms an irregUlar 
slope; contains snails; lacustrine environment; base is 
sharp and flat. 

10. Sandstone: Light-greenish-gray (5GY B/l); fine- to me
dium-grained; fair-sorted; composed of subrounded to 
Bubangular, clear quartz; firmly cemented, calcareous; 
flat, thin-bedded; weathers blocky; forms a ledge; con
tains argillaceous zones; shell fragments; lacustrine 
environment; base is sharp and flat. 

9. Silty sandstone: Light-greenish-gray (5GY B/ 1); clay, 
silt, and fine- to medium-grained sand; poorly sorted; 
composed of subangular, white quartz; weakly cemented, 
calcareous; flat, laminated to very thin bedded; weathers 
rounded; forms a ledge or irregular slope; contains mud
stone beds; contains Sphaerium cf. S. dentatum Haldeman, 
LylmnaSa cf. L. emarglnata Say, and Hehsoma cf. H. tri
vo VlS ay, aITidenhfled by T. C. Yen, and umdentIriea 
1iSfi"1}ones; lacustrine environment; base is sharp and 
flat. 

B. Claystone: Banded with light olive gray (5Y 6/1), yellow
ish gray (5Y 7/2), and pale red (5R 6/2); weakly ce
mented, calcareous and argillaceous; laminated, flat
bedded; weathers smooth; forms a regular slope; con
tains abundant sandstone lenses; lacustrine environment; 
base is sharp and irregular. 

7. Sandstone: Yellowish-gray (5Y B/ll; very fine grained; 
well-sorted; composed of Bubangular, clear quartz; 
common red and black accessory minerals; weakly ce
mented, calcareous; flat, thin-bedded; weathers smooth; 
forms a regular slope; commonly contains yellow spots; 
lacustrine environment; base is sharp and flat. 

6. Claystone: Same as unit 8; lacustrine environment; base 
is sharp and flat. 

5. Volcanic conglomerate: Moderate-olive-brown (5Y 4/4); 
poorly sorted; abundant black accessory minerals; firm
ly cemented, calcareous; flat, thin-bedded; weathers 
blocky; forms a ledge; lacustrine environment; base is 
sharp and irregular. 

Matrix: Composed of subangular, clear quartz. 
Gravel: Composed of subangular to angular basalt and 

agglomerate pebbles, 3 to 10 mm in diameter, and 
subhedral augite crystals. 

-1. Claystone: Same as unit 8. 
3. Volcanic conglomerate: Same as unit 5. 

Total incomplete upper member 

Unconformity: Erosional. slight relief, less than 3 inches. 
Lower member: 

2. Claystone: Same as unit 8. 
1. Sandstone: Same as unit 7. 

Total incomplete lower member 
Total incomplete Bidahochi Formation 

25. -Barrel Butte 

4 miles north of Teastoh Trading Post, 23 miles southwest 
of Keams Canyon 

113-9.5-14.0 

[Measured by C. A. Repenning] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone (incomplete): 

10. Sandstone and shale: Undescribed. 
UPPER JURASSIC: 

Cow Springs Sand.stone: 
9. Sandstone: Grayish-orange (10YR 7/4), grayish-orange

pink (lOR B/2) in upper 5 feet; medium- to coarse
grained, some fine and very coarse grained sand; poorly 
sorted; composed of subro~nded, clear quartz; feldspar 
accessory mineral; well-cemented, ferruginous and 
siliceous; flat, thick-bedded; wedge and some asym
metrical trough crossbedding, low-angle and medium
scale crossbeds; weathers rounded, blocky, and pitted; 
etched on some crossbedding planes; forms a rounded 
cliff; contains abundant granule stringers; fluviatile 
environment; base is gradational. 

8. Sandstone: Grarish-yellOW (5Y B/4) to moderate-yellow
green (5GY 7 4), some zones of moderate red (5R 5/4); 
fine-grained; fair-sorted; composed of rounded quartz; 
weakly cemented, calcareous; flat, thin-bedded; simple 
and trough crossbedding, low-angle and small-scale 
crossbeds; weathers rounded; forms a rolling slope; 
fluviatile environment; base is sharp and erosional(?). 

7. Sandstone: Grayish-yellow (5Y B/4); medium-grained; 
fair-sorted; composed of subangular, clear quartz; 
amber quartz accessory mineral; weakly cemented~ 
calcareous; flat, thin-bedded; simple and trough cross
bedding, high-angle and medium-scale crossbeds; weath
ers blocky, etched along crossbedding planes; forms a 
ledge; fluviatile enVironment; base is sharp and irregu
lar, forms an erosion surfac"e. 

Total Cow Springs Sandstone 
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UPPER TRIASSIC-Continued 
Wingate Sandstone-Continued 

Rock Point Member-Continued 
(Section continued 5 miles south of Indian Wells Trading Post, 

12B-2. 5-10. 5.) 
12. Sandstone: Dark-grayish-orange (lOR 6/4); fine-grained; 

well-sorted; composed of subrounded to subangular, 
clear quartz; common black accessory minerals; firm
ly cemented, calcareous; massive; wedge trough cross
bedding, low-angle and medium-scale crossbeds; weath
ers rounded; forms a rounded cliff; fluviatile environ
ment; base is sharp and irre~lar. 

11. Sandstone: Light-brown (5YR 5/4); very fine grained; 
well-sorted; composed of Bubrounded to 8ubangular, 
clear, frosted, and amber quartz; common black acces
sory minerals; firmly cemented, calcareous; flat, lam
inated; simple and trough crossbedding, low-angle and 
small-scale crossbeds; weathers knobby and flaggy; 
forms a rolling slope; channeled surface with B feet of 
-relief occurs 147 feet above bottom; fluviatile environ
ment; base is sharp and irregular, containing channels 
4 feet deep. 

10. Siltstone: Light-brown (5YR 5/4); clay to very fine 
grained sand; fair-sorted; composed of quartz; firmly 
cemented, calcareous; flat, laminated to thick-bedded; 
weathers smooth to knobby; forms a regular slope; con
tains abundant stringers of gypsum and lime pellets; 
lacustrine environment; base is flat and gradational. 

Total Rock Point Member 
Total Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

9. Mudstone: Grayish-orange-pink (5YR 7/2); weakly ce
mented, calcareous and argillaceous; massive; weath
ers smooth; forms a regular slope; common lime pel
lets; quiet-water enVironment; base is sharp and ir
regular. 

B. Conglomerate: Light-greenish-gray (5G B/l); massive; 
weathers blocky; forms a ledge; unit can be considered 
a sandy limestone; quiet-water environment; base is 
sharp and irregular with 5 inches of relief. 

Matrix: Finely crystalline. 
Gravel: Composed of subrounded to subangular lime

stone and siltstone pebbles, 0.5 to 10 mm in diam
eter. 

7. Mudstone: Same as unit 9. 
6. Conglomerate: Same as unit 8. 
5. Mudstone: Same as unit 9. 
4. Conglomerate: Same as unit 8. 
3. Mudstone: Same as unit 9. 
2. Sandy and clayey limestone: Mottled with pale green (5G 

7/2) and grayish orange pink (5YR 7/2); gnarly; forms 
a ledge; contains abundant clay galls and chert granules; 
quiet-water environment; base is irregular and grada
tional. 

1. Mudstone: Same as unit 9. 

TERTIARY: 

Total incomplete Chinle Formation 

27. -Castle Butte 

It miles south-southwest of Castle Butte Trading Post, 
IB miles west-southwest of Indian Wells T.rading Post 

129-5.9-15.0 

[Measured by R. L. Jackson and D. B. Brodie] 

Bidahochi Formation: 
Volcanic member: 

20. Monchiquite: Dark-gray (N 3); aphanitic; weathers 
blocky; forms an irregular cliff and caps meaas in 
the area; base is irregular. 

Lower member: 
19. Siltstone: Same as unit 17; forms a steep, regular 

slope. 
18. Volcanic ash: White (N 9), weathering light gray (N 7); 

clay and silt; well-sorted; angular grains; weakly ce
mented; massive; weathers blocky; forms a prominent, 
irregular ledge; base is gradational. 

17, Siltstone: Moderate-brown (5YR 4/4 to 5YR 3/4); poorly 
sorted; composed of subangular, clear and stained 
quartz; firmly cemented; flat, laminated to very thin 
bedded; weathers hackly; forms a steep, rolling slope; 
commonly contains quartz granule inclusions; base is 
gradational. 

16. Conglomerate: Moderate-brown (5YR 4/4 to 5YR 3/4), 
weathering dusky brown (5YR 2/2); massive; weathers 
hackly; forms a rolling slope; base is sharp. 

Matrix: Silt to very coarse grained sand; poorly 
sorted; composed of subrounded to subangular, 
clear and stained quartz; common black acces
sory minerals; weakly cemented. 

Gravel: Composed of subrounded to subangular 
quartz, jasper, and chert pebbles, 1/16 to 1 inch 
in diameter; gravel is relatively sparse. 

Total lower member 
Total Bidahochi Formation 

UNCONFORMITY: Erosional, very low relief, approaching a disc on
formity. 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
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UPPER AND MIDDLE JUHASSIC: 
Carmel Formation: 

6, Siltstone and Hom<-' SCllldstullP: Modpl'atp-rt~ddish-bl'()wn 

(lOH -lIn); silt to VPl'Y fille gl'ained Hand; pourly Ho1'tt'd; 
l'ompoBt'd ut' Hubangulat' quartz; arnbel' quartz and black 
acct'ssol'Y Ininel'als; firmly cClul'nted, l,tdcal'eow:l; 
gllRl'ly, laminated; wedge trough crossbedding, low
angle and small-scale crossbeds; weathers knobby; 
fOl'nls a regular slope; fluviatile environment; base is 
sharp and irregular. forms an erosion sUl'facl'. 

5, SandstOill': Gl'ayish-yC'llow (SY al-n, weathering grayish 
orangl' (lllYH 7/.j); i'ine- to meLiium-gl'ainl'Ci; I'air
sOI'ted; compoHl'd of subangulal', clear quartz; hI'own 
and Whitl' qual'tz accessory Ininel'als; weakly cemented, 
{'aleUt'pUllS; massivt'; simpll' cl'ossbedding, low-angle 
and nll'dium-scalt' l'l'ossbeds; wl' athcl'S knobby~ forms 
an il' regula!' slope; fluviatile envil'onment; base is nat 
and gradationul. 

-L Siltstone and sandstone: Weathers l'ounded; forms a rcgu-
1:11' slopt'; che1'ty limt'stol1P lens, O. I foot thick and 20 
!'l'l't long, about 15 fl'et above bottom; fluviatil(' Pl1viron-
111l'llt; basp is sharp and flat with minor channeling. 

Siltstone: Mmil'l'atl'-J'eddish-bl'own (lOH .j/G); flat, 
huninated; COlnmon limel::ltone pellets. 

SalldstollP; Yellmvish-gray (5Y 8/1); very fine 
graitwd; fail'-Bol'ted; compoHed of subangular, 
stainpd qual'tz; weakly cenll-'ntpd, calc,u'cous; 
flat, tilin-bl'dded, 

Total C[H'mel Formatiun 

l' P PEH T HIA.SSIC( '? ): 
I\. a \'Pllt a FOl'mation: 

. :3. Cla,YstOl1P: Pall'-bl'O\\'n (5 YR 5/2), weathering gl'ayish 
orange pink (5YR 7/2), abundant pale-blue-gl'etm (5BG 
7/'2) bands; n1assivp; laminated; weathel's I'ounded; 
t'orms a covel'ed slope; quiet fluviatile environment; 
base is shaq) and ilTegular. 

::\Iul'l1,n'e Formation: 
J)1110SaUl' Canyon Sandstone Member: 

2, Limestone: Light-olive-gray (5Y 6/1), weathering brown
ish gray (51'R .j/l); crystalline; gnarly, thin-bedded; 
\Veathel's blocky; forins a ledge; ('ontains abundant 
pale-reddish-brown (lOR 5/+) chert stringel's; still
watt'l' environment; base is sharp and irregular. 

I. Sandstone: Pale-red (lOR 6/2) to pale-l'eci-purple (5RP 
6/2); fine- to mediU1ll-gl'ained; fail'- to well-sorted; 
con1posed or subangular quartz, of which one-half is 
clear and one-fourth is white; feldspar and black acces
sory minerals; firmly cen1cntecJ, calcareous and sili
ceous; massivl'; simple and wedge trough crossbedding, 
high-angle and large-scale crossbeds; weathers rounded, 
etched alon~ t'l'ossbf'dding planes; forms a l'ounded cliff; 
eolian t'nvironment; base is concealed. 

Total incomplete Moenave Forn1ation 

26. -Indian II'ells 

Bidahochi Butte, l~ miles east of Indian Wells Trading Post 
128-3,2-6,5 

[Measul'ed by C, A, Repenning and J, [1. Irwin) 

TERTL"R1': 
Bidahochi Formation; 

\"-olcanic member: 
17. Monchiquite: Aphanitic groundmass containing abundant 

augite phenocrysts; weathers blocky; fOl'ms an irregu
lar cliff and caps mesas; lava flow; base is shal'p and 
ilTegular, overlying old soils in places. 

Unconformity: Erosional; great relief, as much as 100 feet, 
along surfac e. 

Lcnrer member: 
Ifi, Mudstone: Moderate-reddish-brown (lOR 4/6); weakly 

cemented, calcareous; flat, laminated; weathers 
smooth; forms a regular slope; base is gradational. 

15. Conglomerate: \Veakly cemented, calcareous; weathers 
smooth; forms a regular slope; fluviatile environment; 
base is sharp and even. 

Matrix: Light-brown (5YH 6/4); clay to very fine 
grained sand; poorly sorted; composed of subangu
lar amber quartz and argillaceous material. 

Gravel: Light-brownish-gray (5YR 6/1); composed 
of subangular quartzite and chert pebbles l 4 to 30 
mm in diameter. 

Total lower member 
Total Bidahochi Formation 

UNCONF'ORMITY: Angular, no relief. 
UPPER THIASSIC: 

Wingate Sandstone: 
Lukachukai Ml'mber: 

14, Sandstone: Moderate-reddish-orange (JOR 6/6); fine
grained; well-sorted; composed of subangular, stained 
quartz; common black accessory minerals; firmly ce
mented, calcareous; massive; simple anel trough ('1'088-

bedding l high-angle and large-scale crossbeds as much 
as 70 feet long; weathers rounded; forms a l'ounded cliff; 
eolian environment; base is sharp and flat. 

Hock Point Member: 
1:3, Sandstone: Dark-grayish-orange (lOH 6/4) and light-brown 

(5YR 5/4); vel'y fine to fine-grained; well-sorted; com
posed of subrounded to subangulal', frosted qual'tz; l'om
mon clear and amber quartz and black accessory miner
als; firmly cemented, calcareousj flat, laminated; 
weathers smooth and knobby; forms an irregular cliff 
or a regulaJ' slope; base is flat and gradational. 

1 H. 8 
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15, Sandstone: Palr-reddish-iJJ'own (lOH 5/4); very fine to 
fine-grained; poorly sortp.r1; composed of subangulal', 
Htained quartz; abundant black accessory minerals; 
fil'mly cemented; simple and trough crossbedding, low
angle and medium-scale (,l'ossbeds; weathers knobby 
and hoodoo; forms a rounded, irregular cliff; ba:')e is 
sharp. 

14, Siltstone: Same as unit 8. 
1:3. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; poorly sorted; composed of subangulal', clear 
and stained quartz; abundant black accessory minerals; 
firmly cemented; simple und trough crossbedding, low
angle and medium-scale crossbeds; weathers knobby 
and hoodoo; fOl'ms a rounded, irregUlar ledge; base is 

12, 
11, 
10, 
9, 

8. 

7. 

gradational. 
Siltstone: Same as unit B. 
Sandstone: San1e as unit fl. 
Siltstone: Same as unit B. 
Sandstone: Pule-reddish-bJ'Ow" (IOn 5/4); silt to medium

grained sand; poorly sorted; composed of subangulal', 
stained quartz; common bLl.ck accessory minerals; well
eemented; massive; w('athers knobby and hoodoo; forms 
a rounded, irregular ledge; base is sharp and irregular. 

Siltstone: Light-brown (5YH 6/4 to 5YH 5/G); composed of 
stained quartz; ('ummon black accessory minerals; well
celnentecJ; massive, flat-bedded; pal'tly laminated; 
weathel's snlooth and rounded; forms regular ledges 
and slopes; contains lenses and stl'ingel's of very light 
gray (N 8) siltstone; base is sharp and i1'l'egular. 

Sandstone: Dark-reddish-brlJwn (Ion :3/4); silt to medium-
grained sand; poorly sorted; compoe:;ed of subangulal', 
stained qum'tz; COmlTIon black accessory minerals; welJ
cemented; massive; weathers blocky; forms a regular 
slope; con1monly contains calcite inclusions; base is 
sharp. 

6. Mudstone: Moderate-brown (5YH 4/4 to 5YR :;/4); com
mon bla('J{ accessol'Y J1linpl'als; firmly cemented; irregu
lar, flat-bedded; weathers smooth and rounded; forms 
a l'olling slope; base is concealed. 

5. Covered interval: Forms a rolling slope. 
4. Sandstone: Light-gray (N 7); very fine to medium-grained; 

poorly sorted; com1Josed of subangular, eleeu' and fl'osted 
quartz; rare mica, coml1lon gl'een, and l'are red and 
black accessol'y Inincl'als; common argillaceous mate
rial; weakly to firmly cemented; simple and trough 
crossbedding, lo\v - to high-angle and small- to medium
scale cross6eds; weathers blocky; forms a prominent, 
irregular ledge; contains rninoI' beds of pale-reddish
brown (lOR 5/4) siltstone; base is sharp. 

3. Siltstone: Pale-reddish-b,'olVn (lOll 5/.j); composed of 
clear and stained quartz; raJ'e hlack accessory miner
als; firn1Iyeement('cl; massive; weathers smooth, 
rounded, and blocky; forms an irregular ledge; base 
is irregular. 

Total Wingate Sandstone 

Unconfonl1ity: Erosional, relief ranges fro111 10 to 25 feet. 
Chinle Forn1ation: 

Owl Rock Memher: 
2, Siltstone: Light-brown (5YH 6/.j to 5YR 5/G); composed 

of clear and stained quartz; ral'e black accessory min
erals; weakly cemented; laminated, flat-bedded; weath
ers into badlands; forms an il'regular and rolling slope; 
base is sharp. 

I, Sandy limestone: Light-olive-gray (5Y 6/1); aphanitic, 
includes very fine grained sand; irregular, flat-bedded; 
weathers blocky; fOl'111S a pourly developed ledge; base 
is sharp and flat. 

Total incomplete Chinle FOl'lnation 

28. -Chin1ney Rock 

10 miles northwest of Castle Butte Trading Post, 
28 n1iles east-nol,thl'ast of Leupp -

120-14,0-6.5 

[Measured by oJ, IV. Harshbarger, H. A, \\hitcornb, 
and C. A. Repenning) 

UNCONFORMITY: El'osional; moderate relief; overlain by the 
Bidahochi Fornlation; fr0111 stratigraphic projection as much 
as 100 fpet of Lukachukai lVlelnbcl' has been rellloved by pre
Bidahochi Forn1atioll erosion. 

UPPEH TRIASSIC: 
Vlingate Sandstone: 

Lukachukai Membel': 
10. Sandstone: Light-orange; finc- to rnedium-gl'ained; fair

sorted; composed of subangulal', CIC31' qualtz; firmly 
cemented, calcareous; trough crossbedding~ high-angle 
and medium- to lal'ge-s('ale crossbeds; wl'atlwl's round
ed and pittf'd; forn1s a vel'tical cJiff that is rounded 3t 
the top; lower quarter of unit consists of fine-grained 
sandstone and SOlne siltstone; eolian enVil'Onnlent; base 
is slw.l'p and is a flat Pl'o.sion sUl'faC'E'. 

Hock Point MemLel': 
il, Sandstone: Vl'ry pale green (lOG 8/2), weathering whitl' 

(N 9)j silt and fine- to llledium-grained sand; fair
sorted; composed of subangulal', deal" and anlbel' 
quartz; ('Omnl0n fcrromagnesian ;u'cessory rninpl'als; 
w(~ald'y cemented, calcareous; simpll' ,lnd trough cross
bedding, high-angle and ll1l'ciium-scale cl'o.ssbeds; 
weathcl's knobby; fOl'Il1S n vPl'tical cliff; eolian(?) eJl
vironment; basp is flat and ~l'adati()nal. 

B. Sandstone: Cll'ayish-l'l~d (5H 4/2 to lOR 4/2); VCl'Y fine 
grnin('d; silty: fair-sortL'd; composed l'hit'fly or sub
angulal', amlJl~r qual'fz; w('akly ('emC'ntpo, (,<Ileal'('out'>; 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER TRIASSIC-Continued 
Wingate Sandstone-Continued 

Rock Point Member-Continued 
sinlple crossbedding, low- to high-angle and large-
scale crossbeds; weathers knobby; forms an irregular 
cliff; contains some clear quartz; fluviatile environment; 
base is sharp and flat. 

7. Siltstone: Dark-reddish-brown (lOR 3/4); silt and very 
fine grained sandi well-sorted; composed of quartz; 
weakly cemented, calcareous; flat, laminated to thick
bedded; weathers rounded and knobby; forms an irregu· 
lar cliff; contains tubular chert stringers; base is sharp 
and flat. 

6. Sandstone: Grayish-red (5R 4/2 to lOR 4/2); fine-grained; 
well-sorted; composed chiefly of subrounded, amber 
quartz; weakly cemented, ca1care6us; flat, thick-bed
ded; wedge trough crossbedding, low-angle and medium
scale crossbeds; weathers rounded and knobby; forms 
an irregular slope; contains some clear quartz; base 
is sharp and flat. 

5. Sandstone: Light-greenish-gray (5G 8/1 to 5GY 8/1) and 
dark-reddish-brown (lOR 3/4); very fine grained; well
sorted; composed of rounded, white quartz; firmly ce
mented, calcareous; flat, very thin to thin-bedded; 
weathers knobby; forms a rounded slope; base is flat 
and gradational. 

~. Siltstone: Light-brown (5YR 6/4 to 5YR 5/6) banded with 
dark reddish brown (lOR 3/4); chiefly silt, some clay 
and very fine grained sand; well-sorted; composed of 
quartz; weakly cemented, calcareous; flat, laminated 
to thick-bedded; weathers smooth and knobby; forms 
an irregular slope; contains claystone, which splits 
fissile; weakly cemented zones grade laterally into 
firmly cemented siltstone that weathers into hoodoos; 
base is sharp and flat. 

3. Sandstone: Same as unit 5; contains stringers of tubular 
chert. 

2. Siltstone: Same as unit 4; contains stringers of tubular 
chert. 

1. Covered interval: Several exposures of siltstone similar 
to unit -1; measured with plane table. 

Total Roc k Point Member 
Total \i\lingate Sandstone 

29. -Montezuma's Chair 

28 miles east-northeast of Leupp 
130-1.2-3.7 

[Measured by C. A. Repenning and J. H. Irwin] 

CPPER .-\XD LO\\ER CRETACEOUS: 
Dakota Sandstone: 

20. Sandstone: Grayish-yellow (5Y 8/4); medium-grained; 
fair-sorted; composed of subangular, stained quartz; 
well-cemented, siliceous and ferruginous; massive; 
simple and trough crossbedding, low-angle and small
scale crossbeds; weathers blocky; forms an irregular 
cliff and ledge; contains plant impressions; fluviatile 
environment; base is sharp and irregular. 

l!J. Coal and carbonaceous shale: Dark-gray (N 3); clay and 
silt; \ ..... eakly cemented, argillaceous; flat, gnarly, lami
nated to thick-bedded, beds as much as 2 feet thick; 
weathers smooth; forms a ledge or regular slope; con
tains leaf impressions; flood-plain environment; base 
is sharp and irregular. 

Total incomplete Dakota Sandstone 

CXCO:\FORMITY: Erosional, 5 feet of relief. 
.JURASSIC .-\XD TRIASSIC(?): 

.:\avajo Sandstone: 
18. Sandstone: \\hite (N 9) to grayish-yellow (5Y 8/4); me

dium-grained; well-sorted; composed of sUbrounded, 
stained and frosted quartz; weakly cemented, calcare
ous; flat, very thick bedded, beds as much as 10 feet 
thick; simple and trough crossbedding, low-angle and 
small-scale crossbeds; weathers smooth to rounded; 
forms a ledge or regular slope; fluviatile environment; 
base is sharp and flat. 

CI'I'ER TRIASSIC(?): 
f\.ayenta Formation: 

17. Claystone and sandstone: Banded greenish-gray (5GY 
6/1) and light-brownish-gray (5YR 6/1); medium- to 
coarse-grained; poorly sorted; composed of subangu
lar, stained quartz; rare black accessory minerals; 
weakly cemented, argillaceous; flat: laminated to very 
thin bedded; weathers smooth to blocky; forms a regular 
and covered slope; contains abundant lime pellets and 
calcite veins and vugs; fluviatile environment; base is 
covered. 

16. Siltstone: Pale-brown (5YR 5/2); weakly cemented, argil
laceous; massive. laminated; weathers smooth; forms 
a regUlar and covered slope; fluviatile environment; 
base is sharp and irregular. 

Total Kayenta Formation 

Moenave Formation: 
Dinosaur Canyon Sandstone Member: 

15. Cherty limestone: Light-olive-gray (5Y 6/1), weathering 
yellowish gray (5Y 8/1); aphanitic; massive, gnarly; 
weathers blocky; forms a ledge; cont .. lins abundant 
moderate-brown (5YR 4/4) stringers of chert; unit 
lenses out laterally; fluviatile environment in part; 
base is gradational. 
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UPPER TRIASSIC-Continued Feet 
Wingate Sandstone-Continued 

Rock Point Member-Continued 
grained; poorly sorted; composed of subangular, 
stained quartz; common f~ldspar and black accessory 
mineral's; weakly cemented, calcareous; laminated, 
flat-bedded; trough crossbedding, low-angle and me
dium-scale crossbeds; weathers rounded and knobby; 
forms an irregUlar, rolling slope; fluviatile environ-
ment; base is concealed, 33.6 

Total incomplete Wingate Sandstone 169.4 

DISTRICT 8 

30. -Grand Gulch 

Mouth of Grand Gulch, north side of San Juan River, 
23 miles northWest of Mexican Ha.t 

4-12.0-13.5 

[Measured by M. E. Cooley, B. L. McGregor, and J. F. Wright] 

PERMIAN: 
Cutler Formation: 

'Cedar Mesa Sandstone Member: 
lOB. Sandstone: Moderate-orange-pink (lOR 7/4) and moder

ate-reddish-orange (lOR 6/6) to pale-reddish-brown 
(lOR 5/4); fine-grained, some very fine grained sand; 
well-sorted; composed of subrounded to subangular, 
frosted and amber quartz; muscovite and black acces
sory minerals; firmly cemented, siliceous and slightly 
calcareous; splits flaggy; lenticular, thick to very 
thick bedded; lenticular trough crossbedding, low- to 
high-angle and very large scale crossbeds; weathers 
blocky; forms a vertical cliff; eolian environment; 
base is gradational. 100+ 

lOA. Sandstone: Yellowish-gray (5Y 8/1) and pale-red (lOR 
6/2); very fine to fine-grained, some silt; fair-sorted; 
composed of subrounded to sUbangular. clear and stained 
quartz; muscovite and black accessory minerals; weakly 
to firmly cemented, calcareous; splits flaggy and platy; 
flat, thin- to thick-bedded; weathers blocky; forms an 
irregular ledge and slope; bleached spots; transitional 
unit; qUiet fluviatile, flood-plain. and eolian environ-
ment; base is sharp and flat. 7.0 

Total incomplete Cedar Mesa Sandstone Membel' 107+ 

Halgaito Tongue: 
9D. Sandy siltstone and silty sandstone: Pale-red (lOR 6/2) 

to pale-reddish-brown (lOR 5/~); silt to very fine 
grained sand; poorly sorted; composed of stained 
quartz; muscovite and black accessory minerals; weak
ly cemented, calcareous; bedding same as unit 5B; 
pseudocrossbedding; contains more silt than unit :3B; 
flood-plain environment. 12 

9C. Sandy limestone and sandstone: Li~ht-brownish-gray 
(5YR 6/1) and grayish-red (lOR 4/2); silt to fine
grained sand; nodUlar; poorly sorted; composed of 
subrounded to subangular, clear and stained quartzj 
muscovite and black accessory minerals; weakly ce
mented, calcareous; grades laterally into sandstone 
same as unit 9B; flood-plain environment. 3.0 

BB. Sandstone: Pale-red (lOR 6/2); silt to fine-g)'ained sand; 
poorly sorted; composed of rounded to subangular, cleal' 
and stained quartz; muscovite and black accessory min
erals; splits flaggy; lenticularly bedded; lenticular 
planar and trough crossbedding, low- to medium-angle 
and medium-scale crossbeds; weathers blocky; forms 
an irregular ledge; quiet fluviatile and flood-plain en-
vironment; base is sharp and irregular. 5.0 

9A. Silty sandstone: Pale-reddish-brown (lOR 5/~); silt to 
very fine grained sand; poorly sorted; composed of 
stained quartz; muscovite and black accessol'y minerals; 
weakly cemented, calcareous; bedding same as unit SB; 
flood-plain environment. 28.;} 

8. Sandstone: Moderate-orange-pink (lOR 7 / ~); very fint' t" 
fine-grained; fair- to well-sorted; composed of sub
rounded to subangular, stained and amber quartz; mus
covite and biotite accessory minerals; weakly to firmly 
cemented, calcareous; lenticular, thin- to thick-bedded; 
poorly developed lenticular and tabular trough cl'ossbecl
ding, low- to medium-angle and small- to large-scale 
crossbeds; pseudocrossbedding; weathel's blocky; for111s 
an irregular ledge; limestone-filled sticks 01' burrows; 
qUiet fluviatile, flood-plain, and eolian elnril'onment; 
base is gradational, flat, and irregular, with 1 ~ fl't't Df 
relief. 14 

7G. Sandstone: Pale-reddish-brown (lOR 5/~); silt to filw
grained sand; fair to poorly sorted; composed of su\)
rounded to subangular, stained quartz; muscovitt:' and 
black accessory minerals; wpakly cen1ented, caleul'p
ous; bedding same as unit 5B; pseudocrossbNiding; lop 
of unit contains silty sandstone that is finl' grained and 
very thin bedded. 62,5 

71". Sandstone: Pale-reodish-bl'own (lOR 5/4); finl'-gl'aitwd; 
well-sorted; composed of subrounded to subangulal', 
stained and amber quartz; muscovite and black acl't.'s-
50ry minel'als; weakly to firmly cernent£"d, ealcal'l'ou.s; 
beddlng same as unit 6, ::3,5 

7E. Silty sandstone: l'ale-reddish-brown (lOR 5/4); silt to 
fine-grained sand; poorly sorted; composl'd of stained 
quartz; muscovite and black accessory minerals; weak
ly cemented, calcareous; bedding sanle as unit 5H; 
pseudocrossbedding; nodular linlestone bed at n feet. ~~ 1 



14. Sandstone: Light-greenish-gray (5GY 8/1); fine-grained; 
well-sorted; composed of subangular, frosted quartz; 
common black accessory minerals; weakly cernented l 

calcareous; massive; trough crossbedding, low-angle 
and medium-scale crossbeds; weathers smooth; forms 
a regular slope; fluviatile environment; base is flat and 
gradational. 13.2 

13. Siltstone: Pale-brown (5YR 5/2); weakly cemented, cal
careous and argillaceous; massive, laminated; weath
ers smooth; forms a regular slope; fluviatile environ-
111ent; base is sharp and irregular. 2.5 

1 'J Cherty limestone: Light-alive-gray (5Y 6/1), weathering 
yellowish gray (5Y 8/1); aphanitic; gnarly, irregular, 
thick-bedded; weathers blocky; forms a ledge; con
tains moderate-brown (5YR 4/4) fragments and string
ers of chert; unit grades downward into sandstone of 
unit 11; fluviatile environment in part; base is irregu-
lar and is in a 6-foot-thick gradational zone. 11. 2 

11. Sandstone: Pale-greenish-yellow (lOY 8/2), weathering 
moderate greenish yellow (lOY 7/4); fine- to medium
grained; well-sorted; composed of subrounded to sub
angular, clear quartz; rare black accessory minerals; 
firmly cemented, siliceous; massive, flat-bedded; 
sinlple and trough crossbedding, low- to high-angle 
and rnedium- to large-scale crossbeds; weathers 
rounded to blocky; forms a vertical cliff; most of the 
grains are obscured by cement; one 7-inch cherty 
limestone bed deposited along crossbedding plane has 
a dip of 20°; eolian or fluviatile environment; base is 
gradational. 18.8 

Ill. Sandstone: Yellowish-gray (5Y 8/1); medium- to coarse
grained; fair-sorted; composed of subangular, clear 
quartz; rare black accessory nlinerals; firmly ce
mented, calcareous; massive; simple and trough 
crossbedding, low-angle and small-scale crossbeds; 
weathers blocky, etched along crossbedding planes; 
forms a ledge; base is sharp and flat. 3.0 

9. Sandstone: Pale-greenish-yellow (lOY 8/2), weathering 
moderate greenish yellow (lOY 7/4); fine- to medium
grained; well-sorted; composed of subrounded to sub
angular, clear quartz; rare black accessory minerals; 
firmly cemented, siliceous; massive, flat-bedded; 
trough crossbedding, low- to htgh-angle and medium
to large-scale crossbeds; weathers rounded to blocky; 
forms a vertical cliff; eolian or fluviatile environment; 
base is flat and sharp, forms an erosion surface. 17.8 

8. Sandstone: Light-greenish-gray (5GY 8/1) and some 
moderate-reddish-brown (lOR 4/6); fine-grained; fair
sorted; composed of subrounded to subangular, clear 
quartz; rare lJlack accessory minerals; weakly ce
mented, calcareous; flat, very thick bedded; wedge 
trough crossbedding, low-angle and small- to medium
scale cross beds; weathers smooth; forms a regular 
slope; fluviatile environment; base is gradational. 125,2 

7. Sandstone: Moderate-reddish-brown (lOR 4/6) banded 
with light greenish gray (5GY 8/1); fine-grained; well
sorted; composed of subrounded to subangular, clear 
and stained quartz; rare black accessory minerals; 
calcareous cement; flat, very thick bedded; wedge 
trough crossbedding, low-angle and small-scale cross
beds; weathers smooth; forms a regular slope; fluvia-
tile environment; base is flat and gradational. 64.6 

6. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; well-sorted; composed of subrounded to sub
angular, stained quartz; rare black accessory minerals; 
weakly cemented, calcareous; massive; low-angle and 
small- to medium-scale crossbeds; weathers smooth; 
forms a regular slope; base is sharp and flat. 105.8 

Total Moenave Formation 363.1 

UPPER TRIASSIC: 
\\ ingate Sandstone: 

Lukachukai Member~ 
5. Sandstone: Dark-yellowish-orange (lOYR 6/6); fine

grained; well-sorted; composed of subrounded, clear 
quartz; common black accessory minerals; firmly 
cemented, calcareous; massive; wedge trough cross
bedding, high-angle and large-scale crossbeds; weath
ers rounded; forms a rounded cliff; eolian environ-
ment; base is sharp and flat. 58 

4. Sandstone: Grayish-red (lOR 4/2), weathering pale red 
purple (5RP 6/2); very fine to coarse-grained; poorly 
sorted; composed of subrounded, frosted quartz; com
mon black accessory minerals; firmly cemented, cal
careous; massive, flat-bedded; weathers ledgy; forms 
a niche in a cliff; contains abundant shrinkage cracks; 
fluviatile environment; base is sharp and irregular. 3.0 

3. Sandstone: Light-brown (5YR 5/6); fine- to medium
grained; well-sorted; composed of subrounded, frosted 
quartz; rare black accessory minerals; firmly ce
mented, calcareous; massive; trough crossbedding, 
high-angle and large-scale crossbeds; weathers round
ed; forms a rounded cliff or an irregular rolling slope; 
base is sharp and flat. 24.4 

2. Sandstone: Light-brown (5YR 6/4); very fine grained; 
well-sorted; composed of subangular, clear quartz; 
rare black accessory minerals; well-cemented, cal
careous; massive; trough crossbedding, high-angle 
and large-scale crossbeds as much as 40 feet long; 
weathers blocky, knobby, and hoodoo; forms an irregu
lar cliff; commonly contai~.s mudstone lenses; eolian 
environment with fluviatile incursions; base is sharp 
and irregular, forms an erosion surface. ~ 

Total Lukachukai Member 135.8 

Rock Point Member: 
1. Sandstone: Dark-reddish-brown (lOR 3/4), weathering 

pale reddish brown (lOR 5/4); very fine to medium-

7D. Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine-grained; well-sorted; composed of subrounded 
to subangular, stained and amber quartz; muscovite 
and black accessory minerals; weakly to firmly ce
mented, calcareous; bedding same as unit 6, 

7C. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
fine-grained sand; composed of subrounded to subangu
lar, clear and stained quartz; muscovite and black ac
cessory minerals; weakly cemented, calcareous; bed
ding same as unit 5B; pseudocrossbeddin$. 

7B. Sandstone: Moderate-orange-pink (lOR 7/4); very fine 
to fine"-grained; well-sorted; composed of subrounded 
to subangular, stained and amber quartz; muscovite and 
black accessory minerals; weakly to firmly cemented, 
calcareous; bedding same as unit 6; poorly developed 
crossbeds. 

7A. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
fine-grained sand; poorly sorted; composed of sub
rounded to subangular, stained quartz; muscovite and 
black accessory minerals; weakly cemented, calcare
ous; splits platy; bedding same as unit 5B; pseudo
crossbedding; several thin beds of nodular limestone; 
bleached spots. 

6. Sandstone: Moderate-reddish-orange (lOR 6/6) to pale
reddish-brown (lOR 5/4); fine-grained, some very fine 
grained sand; well-sorted; composed of subrounded to 
subangular, stained and amber quartz; muscovite and 
black accessory minerals; weakly to firmly cemented, 
calcareous; splits massive and flaggy; lenticular, thick 
to very thick bedded; poorly developed lenticular cross
bedding, low- to medium-angle and medium- to large
scale crossbeds; weathers rounded and blocky; forms 
an irregular ledge; flood-plain and eolian environment; 
base is gradational, sharp, and irregular, with 1 foot 
of relief. 

5B. Sandstone: Moderate-reddish-orange (lOR 6/6) to pale
reddish-brown (lOR 5/4); silt to fine-grained sand; fair 
to poorly sorted; composed of subrounded to subangular, 
stained quartz; muscovite and black accessory minerals; 
splits flaggy, platy, and shaly; flat, lenticular, very 
thin to thick-bedded; weathers hackly; forms an irregu
lar ledge and slope; l-foot-thick bed of nodular limy 
sandstone 25 feet above bottom, which grades laterally 
into sandstone within 50 feet; bleached spots; flood
plain environment; base is gradational. 

5A. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
fine-grained sand; poorly sorted; composed of sub
rounded to subangular, stained quartz; muscovite and 
black accessory minerals; bedding same as unit 3C, 

4. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; well-sorted; composed of subrounded to 
subangular, stained and amber quartz; muscovite and 
black accessory minerals; weakly to firmly cemented, 
calcareous; splits massive; lenticular, very thick bed
ded; lenticular crossbedding, low- to medium-angle and 
large-scale crossbeds; weathers smooth and rounded; 
forms an irregular ledge; hard, limy spots; flood-plain 
and eolian environment; base is sharp and irregular, 
with half a foot of relief. 

3J. Silty sandstone: Same as unit 3B. 
31. Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 

(lOR 5/4); silt to very fine grained sand, some fine
grained sand; poorly sorted; composed of stained 
quartz; muscovite and black accessory minerals; 
weakly cemented, calcareou,s; splits flaggy and platy; 
flat I irregular, very thin to thin-bedded; lenticular 
crossbedding, low-angle and small- to medium-scale 
crossbeds; some pseudocrossbedding; weathers blocky 
and hackly; forms an irregular ledge; contains shrink
age cracks; flood-plain environment. 

3H. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
very fine grained sand, some fine-grained sand; poor
ly sorted; composed of stained quartz; muscovite and 
black accessory minerals; weakly cemented, calcare
ous; splits platy; flat, lenticular. very thin bedded; 
some crossbedding; weathers hackly; forms an irregu
lar slope; contains shrinkage cracks, worm burrmvs, 
and poorly formed plant impressions; quiet fluviatile 
and flood-plain environment; base is gradational. 

3G. Sandstone: Pale-red (lOR 6/2); silt to fine-grained 
sand; fair-sorted; composed of subrounded to sub
angular, stained quartz; muscovite and black and green 
accessory minerals; weakly cemented, calcareous; 
splits shaly and crumbly; bedding same as unit 3C; 
flood-plain environment. 

3F, Silty sandstone: Same as unit 3B. 
3E. Sandstone: Pale-red (lOR 6/2); very fine to fine-grained; 

fair to poorly sorted; composed of subrounded to sub
angular, clear and stained quartz; muscovite and black 
accessory minerals; weakly cemented, calcareous; bed
ding similar to unit 3C; contains hard, limy areas that 
obscure bedding features. 

3D. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
fine-grained sand; muscovite and black accessory 111in
erals; weakly cemented, calcareous; bedding same as 
unit 3B; some pseudocrossbeddingj flood-plain environ
ment. 

3C. Sandstone: Pale-red (lOR 6/2); silt to fine-grained sand; 
poorly sorted; composed of subrounded to subangular, 
clear and stained quartz; muscovite and black accessory 
minerals; weakly cemented, calcareous; splits flaggy 
and platy; lenticular, thin-bedded; lenticular planar and 

trough crossbedding, low- to medium-angle and small
to medium-scale crossbeds; weathers blocky and hackly; 
forms an irregular ledge; quiet fluviatile and flood-plain 
environment; base is sharp and irregular, with on€>
third of a foot of relief. 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

PERMIAN -Continued Feet 
Cutler Formation-Continued 

Halgaito Tongue-Continued 
3B. Silty sandstone: Pale-reddish-brown (lOR 5/4) to mod

erate-reddish-brown (lOR 4/6); very fine to fine
grained; poorly sorted; composed of stained quartz; 
muscovite and black accessory minerals; weakly ce
mented, calcareous; splits platy and shaly; flat, very 
thin bedded; some pseudocrossbedding; weathers 
hacklYi forms an irregular, recessed slope; flood
plain and soil-residual environment; base is grada-
tional. 2.0 

3A. Silty sandstone: Pale-red (lOR 6/2) to grayish-red 
(lOR 4/2); silt to very fine grained, some fine-grained 
sand; composed of clear and stained quartz; muscovite 
and black accessory minerals; weakly to firmly ce
mented, calcareous j splits platy; flat, lenticular J very 
thin to thick-bedded; weathers hackly; forms an irregu
lar ledge and slope; contains mud chips and poorly de
veloped ripple and current marks; some hoodoo weath
ering, dependent upon amount of limy material present; 
some organic imprints of plants(?}, raindrops(? L etc.; 
several bleached spots; flood-plain and tidal-flat en-
vironment; base is gradational. ~ 

Total Halgaito Tongue 346.5 
Total incomplete Cutler Formation 453.5+ 

PERMIAN AND PENNSYLVANIAN: 
Rico Formation: 

2D. Sandy limy siltstone: Greenish-gray (5G 6/1) and gray
ish-red (lOR 4/2); silt to very fine grained sand; mus
covite and black accessory minerals; weakly cemented, 
calcareous; splits platy and shaly; flat, irregular, len
ticular, very thin bedded; weathers hackly; forms an 
irregular niche and slope; residual weathered-zone 
environment. 0.5 

2C. Silty limy sandstone: Grayish-red (5R 4/2); silt to very 
fine grained sand; composed of clear quartz; black ac
cessory minerals; firmly cemented; bedding same as 
unit 2B; flood-plain and tidal-flat environment. 1. 5 

2B. Sandstone: Light-greenish-gray (5GY 8/ I), grayish
blue (5PB 5/2), and medium-gray (N 5); silt to fine
grained sand; composed of clear quartz; black acces
sory minerals; weakly cemented, calcareous; splits 
platy and shaly; flat, very thin to thin-bedded; weath
ers hackly; flood-plain and tidal-flat environment; base 
is gradational. 2.0 

2.".. Sandstone and limy sandstone: Yellowish-gray (5Y 8/1) 
to light-greenish-gray (5GY 8/1) and medium-gray (N 5); 
very fine to fine-grained; well-sorted; black accessory 
minerals; firmly cemented, calcareous; flat, thin- to 
thick-bedded; partly structureless; weathers blocky, 
knobby, and hackly; forms an irregular ledge and slope; 
tidal-flat environment. 4.0 

1J. Cherty sandy limestone: YellOWish-gray (5Y 8/1); frag
mental, very fine to medium-grained; sand is composed 
of fine, subrounded to subangular, clear quartz grains; 
well to firmly cemented, calcareous and siliceous; splits 
flaggy; flat, lenticular, thin- to thick-bedded; weathers 
blocky and pitted; forms an irregular ledge; irregular 
honeycomb structures common; contains flat coiled 
forms-cephalopods or gastropods, pelecypods, and 
brachiopods(? }-and shell fragments; marine environ-
ment, perhaps a reef; base is gradational. 4.0 

11. Limy sandstone: Grayish-orange-pink (5YR 7/2); very 
fine to fine-grained; fair- to well-sorted; composed of 
subrounded to subangular, clear and stained quartz; 
black and. green accessory minerals; irregular, lenticu
lar, gnarly, thick-bedded; lenticular crossbedding, low
to medium-angle and small- to medium-scale crossbeds; 
weathers blocky and knobby; forms an irregular ledge; 
partly bleached at bottom; tidal-flat environment; base 
is sharp and flat. 12.5 

lB. Silty sandstone: Grayish-red (5R 4/2); clay to fine
grained sand; composed of subrounded to subangular, 
~lear and stained quartz; muscovite and black acces
sory minerals; weakly cemented, calcareous and argil
laceous; splits shaly and crumbly; flat, lenticular, very 
thin bedded; weathers hackly; forms an irregular niche 
and slope; several bleached spots; residual weathered-
zone environment; base is gradational. .5 

1G. Sandstone: Light-brownish-gray (5YR 6/1) and pale-red 
(lOR 6/2); very fine to fine-grained; fair-sorted; com
posed of subrounded to subangular, clear and stained 
quartz; muscovite and black accessory mineralsj firmly 
cemented, calcareous; flat, thin-bedded; some very 
small scale crossbeds; weathers blocky; forms an ir
regular ledge; bleached zone at bottom; contains some 
mud chips; flood-plain and tidal-flat environment; base 
is sharp and flat. 3.0 

IF. Silty sandstone and limy sandstone: Medium-light-gray 
(N 6) to light-olive-gray (5Y 6/1) and grayish-red (lOR 
4/2); silt to very fine grained sand, son1e fine-grained 
sand; poorly sorted; composed of clear and stained 
quartz; ~uscovite and black accessory minerals; weak
ly to firmly cemented, calcareous; splits platy and 
shaly; flat, lenticular, very thin to thin-bedded; weath
ers hackly; forms an irregular, recessed slope; limy 
in places; bleached in lower 3 feet; contains abundant 
mud chips; tidal-flat environment; base is flat and 
concealed. 9.0 

IE. Sandstone: Light-olive-gray (5Y 6/1); very fine to me
dium-grained; fair-sorted; composed of subrounded to 
subangular, clear quartz; black accessory minerals; 
firmly cemented, calcareous and dolomitic; splits rnas-

PERMIAN -Continued 
Cutler Formation-Continued 

Organ Rock Tongue-Continued 
mica accessory mineral; firmly cemented, calcar
eous; stratification poorly developed but probably 
horizontally laminated and bedded; splits shaly. 

Sandstone (Hi percent of unit): Palc-reddish-brown 
(lOR 5/4), "fealhering pale reddish brown (lOR 5/4); 
fine- to medium-grained; fair-sorted; composed of 
subrouniled, amber quartz; rare black accessory 
minerals; firmly cenlented, calcareous; flat, thin
to thick-bedded; splits flaggy to slabby. 

Total Or gan Roc k Tongue 

Tran sition interval: 
6. Sandstone: YellOWish-gray (5Y B/l) and pale-reddish

brown (lOR 5/4), weathering yellowish gray (5Y 8/1) 
and pale reddish brown (lOR 5/4); fine-grained; fair
sorted; composed of subrounded, clear quartz; rare 
black accessory minerals; firmly cemented, calcare
ous; tabular unit of thick trough sets of medium-scale 
crossbeds and thin to thick horizontal beds; splits slab
by to massive; forms ledges and prominent benches; 
unit contains common fine-grained, grayish-red (lOR 
4/2), micaceous sandstone beds that are largely cov
ered by rubble slopes; color of sandstone varies along 
outcrop; top 10. B feet weathers back into broad slope 
in interval tbat is probably highly argillaceous; apba
nitic limestone from 27.0 to 27.7 feet forms prominent 
bench within unit. 

5. Sandstone: Pale-reddish-brown (lOR 5/4) and grayish-red 
(lOR 4/2), weathering pale reddish brown (WR 5/4) and 
grayish red (lOR 4/2); fine-grained; fair to poorly 
sorted; firn1ly cemented l calcareous; tabular unit of 
thick trough sets of medium-scale crossbeds and thin 
to thick horizontal beds; splits flaggy to slabby; partly 
argillaceous; argillaceous and nonargillaceous parts 
interstratified; abundant mica in parts. 

4. Sandstone and clayey sandstone, interstratified: Light
brown (5YR 6/4) sandstone from 0 to 3.3 feet, 13.7 to 
19.7 feet, 30.2 to 32.4 feet, 33.6 to 37.7 feet, and 3B. 2 
to 42.4 feet above base of unit; very pale orange (10YR 
8/2) sandstone from B. 8 to 13.7 feet and 19.7 to 29.7 
feet above base. of unit; clayey sandstone from 3.3 to 
8.8 feet, 29.7 to 30.2 feet, 32.4 to 33.6 feet, and 37.7 
to 38.2 feet above base of unit; unit as a whole is tabu
lar; color and composition of beds and sets vary along 
outcrop. 

Sandstone: Predominantly light-brown (5YR 6/4) and 
minor amount of very pale orange (lOYR 8/2); fine
to medium-grained; fair-sorted; composed of sub
angular, clear quartz; rare orange and black acces
sory minerals; weakly to firmly cemented, calcar
eous; tabular unit, stratlfication poorly exposed 
but probably mostly thick trough sets of high-angle 
and medium-scale crossbeds; splits flaggy to mas
sive; forms ledges and prominent benches; contains 
rare irregular masses of limestone. 

Clayey sandstone: Pale-reddish-brown (lOR 5/4) and 
grayish-red (lOR 4/2), weathering pale reddish 
brown (lOR 5/4) and grayish red (lOR 4/2); very 
fine to fine-grained; poorly sorted; abundant mica 
accessory mineral; firmly cemented, calcareous 
and argillaceous; tabular unit, stratification poor
ly exposed but probably thin to thick horizontal 
beds; splits flaggy to slabby; forms long, broad 
benches. 

3. Sandstone: YellOWish-gray (5Y 8/1), weathering very 
light gray (N 8); fine- to medium-grained; fair-sorted; 
composed of subangular, clear quartz; rare orange and 
black accessory minerals; poorly cemented, calcareous; 
tabular unit of thick to very thick, trough and minor pla
nar sets of high-angle and medium-scale crossbeds; 
splits massive; forms a rounded ledge; rare limonite 
stains. 

2. Sandstone: Dark-reddish-brown (lOR 3/4), weathering 
grayish red (lOR 4/2); fine-grained; fair-sorted; com
posed of subrounded, clear quartz; rare black accessory 
minerals; firmly cemented, argillaceous; lenticular 
unit of thin trough sets of low-angle and medium-scale 
crossbeds and possibly thin to very thick horizontal 
beds; splits slabby to massive; forms prominent re
entrants in massive sandstone cliffs; contains argilla
ceous material and rare limestone masses. 

,Total transition interval 

Cedar Mesa Sandstone Member (incomplete): 

1. Sandstone: YellOWish-gray (5Y 8/ I), weathering grayish 

orange (lOYR 7/4); fine- to medium-grained; fair
sorted; composed of sUbrounded, clear quartz; rare 
orange, green, and black accessory minerals; weakly 
cemented, calcareous; tabular unit of thick to very 

thick, trough sets of medium- to large-scale cross

beds; splits massive; forms a vertical cliff; rare 

irregular masses of limestone; common limonite 

spots. 

Total incomplete Cutler Formation 

Base of section at river 1s edge; base of exposure. 
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Ill. 

1('. 

lB. 

L-'t. 

sive and flaggy; flat, lenticular, thin- to thick-bedded; 
lenticular and tabular crossbedding, very low to low
anglp and small- to large-scale crossbeds; weathers 
blocky and knobby; forms an irregular ledge; units Ie, 
ID, and IE usually form a ledge; near-shore marine 
and tidal-flat environment; base is sharp and flat. 

Chel·ty dolomite: Light -gray (N 7); fine- to coarse
grained; fragmental; well to firmly cemented; splits 
flaggy; flat, lenticular, thin- to thick-bedded; weath
Pl'S blocky; f01'1118 an irregular ledge; grades laterally 
into limy sandstone; irregular chert masses; limy 
along fractures; contains crinoid stems, fusulinids, 
and fragmental fossil material; near-shore marine 
Pl1vironment, perhaps a reef; base is gradational. 

Limy sandstone: YelloWish-gray (5Y 8/1); very fine to 
finl'-gl'ained; fail'- to well-sorted; composed of sub
rounded to subangular, clear quartz; muscovite and 
black and green accessory minerals; weakly to firmly 
cempnted, calcareous; splits flaggy; irregular, len
ticular, gnarly, thick-bedded; lenticular and wedge 
cl'ossbedLling, low- to medium-angle and medium
scale crossbeds; weathers rounded and knobby; forms 
an irregular ledge; more limy at bottom; near-shore 
marine envil'onn1ent; base is flat and irregular, with 
I foot of relief. 

Limy sandstone and cherty limestone: Very light gray 
(N 8) to medium-light-gray (N 6); very fine to fine
grained; composed of subrounded to subangular, clear 
and stained quartz; black accessory minerals; firmly 
cemented, calcareous and dolomitic; splits massive 
and flaggy; flat, lenticular, thick to very thick bedded; 
lenticular and tabular planar and trough crossbedding, 
very low to medium-angle and small- to medium-scale 
cl'ossbeds; weathers blocky; forms an irregular ledge; 
limy sandstone grades laterally in and out with lime
stone and sandy limestone; limestone is mostly frag
l11ental; near-shore marine environment, perhaps a 
reef; base is sharp and flat, with a niche formed be
tween units lA and lB. 

Unit consists, in descending order, of: 
f. Limy sandstone. 2.0 
e. Cherty limestone. 1.0 
d. Limy sandstone. 8.5 
c. Cherty limestone. 1.0 
b. Limy sandstone. 6,0 
a, Chel~ty limestone, 1. o· 

Limy sandstone and sandy limestone: Pale-greenish
yellow (lOY 8/2) to medium-light-gray (N 6); very fine 
to fine-grained; fair-sorted; composed of subrounded 
to subangular, clear quartz; muscovite and black and 
green accessory minerals; firmly cemented, calcare
ous; splits massive and flaggy; flat, irregular, gnarly, 
thick-bedded; lenticular and wedge crossbedding, very 
luw to low-angle and small- to medium-scale crossbeds; 
forms an irregular ledge; near-shore marine environ
ment; base is concealed. 

Total incomplete Rico Formation 

31. -Clay Hills Crossing 

Clay Hills, north side of San Juan River, 32 miles 
west-northwest of Mexican Hat 

5-8.5-15.0 

[Measured by J. H. Stewart and G. A. Williams] 

TRL-'tSSIC(?): 
Moenkopi Formation: 

Hoskinnini Member: 
IIJ. Gypsum: White (N 9), weathering grayish orange pink 

(lOR 8/2); composed of needle-shaped crystals of gyp
sum; weakly cemented; tabular unit; bedding concealed; 
splits slabby to massive; forms a prominent ledge; 
unmeasured. 

n. Siltstone and sandstone: Pale-reddish-brown (lOR 5/4), 
weathering pale reddish brown (lOR 5/4); silt to very 
fine grained sand; poorly sorted; firmly cemented, 
argillaceous; tabular unit of thin to thick, horizontal 
beds; splits slabby to massive; forms a vertical cliff 
or in places a steep slope; coarse grains of well
rounded amber quartz common, 

Total inc omplete Hoskinnini Member 

l'ERMHN: 
Cutler Formation: 

Organ Rock Tongue: 
8. Siltstone: Pale-reddish-brown (lOR 5/4), weathering 

pale reddish brown (lOR 5/4); predominantly silt but 
commonly contains abundant very fine grained sand; 
common mica accessory mineral; firmly cemented, 
calcareous and argillaceous; tabular unit of thin to 
very thick, horizontal beds; splits shaly to massive; 
forms a steep slope and locally a vertical cliff; thin 
beds of light-greenish-gray (5GY 8/1) siltstone occur 
at 13.5 feet, 29.5 feet, and about every 10 feet above 
221.4 feet above base of unit; grades into fine-grained 
sandstone locally; rare thin bleached zone along frac
tures that transect bedding; channel about 20 feet wide 
and 4 feet deep noted at 210 feel. 

7. Siltstone and sandstone: Sandstone interbedded with silt
stone; unit as a whole is tabular; prominent sandstone 
ledge from 37,8 to 38, n feet above base of unit weath
ers to form gentle slope, with small ledges common, 

Siltstone (85 percent of unit): Pale-reddish-brown 
(lOR 5/4) and grayish-red (lOR 4/2), weathering 
pale reddish brown (lOR 5/4); contains abundant 
very fine grained sand; poorly sorted; common 
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32. -Monitor Mesa 

A. -Northeast side of Monitor Mesa, 33 miles weRt of 
Mexican Hat 
12-10.5-1. 7 

[Measured by M. Ie. Cooley and.l. P. Akers[ 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
26, Sandy conglomerate: Fine to very coarse grained; fair

sorted; firmly cemented, calcareous; composed of 
stained and frosted quartz; thin- to thick-bedded; low
angle crossbeds; weathers blocky; forms an irregular 
ledge; contains some sandstone pebbles as mue' h as 
4 inches in diameter; base is sharp. 

?5. Limy sandstone: Pale-red (JOR 6/2); very fine grained; 
fair-sorted; firmly cemented, calcareous; composed 
of quartz; flat, irregular~ thick-bedded; weathers 
blocky; forms an irregular ledge; base is gradational. 

Total incomplete Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

24. Silty limestone: Similar to unit 19 but contains more 
silt. 

23. Sandstone: Moderate-reddish-orange (lOR 6/6); silt to 
very fine grained sand; fair to poorly sorted; composed 
of stained and frosted quartz; firmly cemented, calcar
eous; massive, flat-bedded; weathers blocky; forms 
an irregular ledge; base is sharp. 

22. Limy sandy siltstone: Similar to unit 18 but more sandy. 
21. Siltstone: Same as unit 18. 
20. Limestone and siltstone, alternating: Limestone is same 

as unit 19 and siltstone is same as unit 18; three lime
stone and two siltstone beds. 

19. Limestone: Pale-red (lOR 6/2) and grayish-red (lOR 4/2); 
well-cemented; irregular, lenticularly bedded; weathers 
blocky; forms an irregular ledge; contains two 1-foot 
silt beds; base is gradational. 

Total Owl Rock Member 

Petrified Forest Member: 
18. Siltstone: Grayish-orange-pink (JOR 8/2); abundant lime

stone nodules; weakly to firmly cemented, calcareous; 
irregular, flat-bedded; weathers blocky to hackl)'; 
lower part of unit contains several thin blocky ledges 
of cherty limestone; base is gradational. 

17. Siltstone: Same as unit 13; base is gradational. 
16. Conglomerate: Light-greenish-gray (5G 8/1); medium to 

very coarse grained sand; poorly sorted; composed of 
subrounded to subangulal', frosted quartz; rare ., -inch 
mud pebbles; irregular. lenticular, thin- to thick-bed
ded; wedge simple, planar, and trough crossbedding, 
low- to high-angle and small- to medium-scale cross
beds; weathers blocky; forms an irregular ledge; basE' 
is sharp. 

15. Siltstone: Same as unit 13; base is gradational. 
14, Conglomerate: Same as unit 12; base is gradational. 
13. Sandy siltstone: Pale-red (JOR 6/2) and light-greenisb-

gray (5G 8/1) bleached zones; very fine grained sand; 
composed of clear and stained quartz; black and mica
ceous accessory minerals; weakly to firmly cemented. 
calcareous; massive. flat-bedded; forms a rolling 
slope; base is gradational, 

12. Conglomerate: Light-brownish-gray (5YR 6/1); medium 
to very coarse grained sand, pebbles as much as thl'ce
quarters of an inch in diameter; poorly sorted; com
posed of .subrounded to subangular, clear, stained, and 
frosted quartz; micaceous accessory minerals; weakly 
to firmly cemented, calcareous; irregular, lenticular, 
thi'n- to thick-bedded; wedge simple, planar, and trough 
crossbedding, high-angle and medium-scale crossbE'ds; 
weathers blocky to hackly; forms an irregular ledge; 
contains poorly preserved Unio fossil; base is grada-
tional. --

11. Sandy siltstone: Grayish-red (5R 4/2); very fine grained 
sand; abundant dolomitic limestone nodules; micaceous 
accessory minerals; weakly to firmly cemented, cal
careous; massive, flat-bedded; simple and planar 
crossbedding, large-scale crossbeds; weathers fluffy; 
forms an irregular slope; bottom of unit is marked by 
an irregular zone of lenticular gray limestone conglo111-
erate about 1 foot thick; tw 0 sandy ledges near top; unit 
is more firmly cemented near top; base is gradational. 

Total Petrified Forest Men1ber 

Monitor Butte Member: 
10. Mudstone: Grayish-yellow-green (5GY 7/2) near bottom, 

grayish-green (5G 5/2) near top, some zones of very 
pale blue (5B 8/2) and pale purple (5P 6/2); massive, 
flat-bedded; weathers smooth to fluffy; forms a rolling 
slope; some horizons contain numerous lin1estone nod
ules averaging 1 inch in diameter and occasionally 
measuring as much as 10 inches; base is gradational. 

Shinarump Member: 
9. Sandstone: Light-olive-gray (5Y 5/2); silt to very coal's," 

grained sand; poorly sorted; composed of subl'ounded, 
clear and frosted quartz; black accessory n1inerals; 
lenticular, thick to very thick bedded; lenticular and 
wedge trough crossbedding, low- to high-angle and me
dium- to large-scale crossbeds; pseudocrossbedding; 
weathers blocky; forms an irregular cliff; contains 
beds of very fine grained, light-bluish- gray (5B 7/1) 
sandstone; a few pebbles as much as three-quartel's 
of an inch in diameter, 

Total Chinle Formation 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

U:-iCONFORMITY: Erosional; channels cut through unit 8 in places; 
sIltstone dppositcd in SOllle channels. 

lvlllJDLE(?) AND LOWER TRIASSIC: 
MOl'nkopi Formation: 

Upper siltstone n1en1ber: 
8F. Siltstone: Pale-reddish-brown (lOR 5/4); silt to very 

fine grained sand; poorly sorted; weakly cemented, 
calcareous; irregular, lenticularly bedded; weathers 
info hoodoos; forms an irregular slope; contains gyp
SUlll stringers; upper 2 feet is bleached; base is gra
dational. 

8E. Siltstone: Same as unit 8C. 
8D. Sandstone: Same as unit 8A. 
8C. Siltstone: Pale-reddish-brown (lOR 5/4); silt to very 

fine grained sand; fair-sorted; weakly cemented, cal
careous; flat, very thin to thin-bedded; weathers fluffy; 
f01'1118 an irregular to rolling slope; base is gradational. 

SB. Sandstone and siltstonel alternating: Sandstone is same 
as unit SA and siltstone is same as unit BC; silt and 
sand beds are as much as 4 inches thick. 

Total upper siltstone member 

:Middle sandstone member: 
8),. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

fine-grained; poorly sorted; composed of subrounded 
to subangularl clear and stained quartz; weakly ce
mented; flat l irregular, lenticular, very thin to thin
bedded; pseudocrossbedding; weathers hackly; forms 
an irregular slope; base is gradational. 

7. Sandstone: Light-brown (5YR 6/4); silt to fine-grained 
sand; composed of subrounded to subangular, clear and 
stained quartz; black accessory minerals; firmly ce
mented; flat, thin to vet'y thick bedded; wedge cross
bedding; trough crossbeddingl sI11a11- to n1edium-scale 
crossbeds; weathers blocky; forms a vertical and ir
regular cliff; contains mud pellets along bedding planes; 
upper third of unit contains more silt; base is sharp 
and flat. 

Total middle sandstone member 

tJW€l' siltstone member: 
GB. So.ndy siltstone: Same as unit 4; pseudocrossbedding. 
(1:\. Siltstone and sandy siltstonel alternating: Same as 

unit -1. 

Total lower siltstone member 

r HL\SSlC('»: 
:\lol'nkopi FOt'mation: 

Hnskinnini Member: 
oR. Sandstone: Light-moderate-brown (5YR 5/4); very fine 

to fine- gt'ained; fair-sorted; weakly to firmly cemented, 
calcareous; composed of clear and stained quartz; black 
accessory minerals; flat, lenticular, thin- to thick
bedded; simple and trough crossbeddingl low-angle 
and tnedium-scale crossbeds; weathers rounded to 
blocky; forDls an irregular ledge; becomes flat bedded 
in top thi I'd of unit; base is sharp and irregular. 

Ci .. \. ",ndstone: Light-moderate-brown (5YR 5/4) and pale
reddish-bt'own (lOR 5/~); silt to very fine grained sand; 
Ldl'-sortl'u; composed of subangular, clear and stained 
quartz; micaceous accessory minerals; weakly to firm
ly cemented; flat, irregular, lenticular, very thin to 
thick-bedded; SOme trough crossbedding, low-angle 
cl'ossbeus; contains siltstone lenses as much as half a 
foot thick; base is sharp and irregular. 

-1. Siltstone tlnd silty sandstone, alternating: Pale- reddish
brown (lOIt 5/~) and grayish-tOed (lOR 4/2); silt to very 
fine gl'ained sand; poorly sorted; composed of clear 
quartz; weakly cemented, calcareous; irregular, len
ticulaI'I very thin to thick-bedded; sandstone is pseudo
c t'ossbedded and exhibits cusp ripple marks and mud 
c rac ks; silt beds are a foot thic k and sandstone beds are 
half a foot thick; base is gradational. 

,). Sands~one: Moderate-brown (5YR 4/4); silt to very fine 
gr'3.1nl'd sand; poorly sorted; compoAed of stained quartz; 
weakly to firmly cemented; irregular, lenticular, thin
to thick-bedded; weathers blocky; forms an irregular 
l{'dge; base is gr'adational. 

2. Sandstone: Pale-reddish-brown (lOR 5/4); silt to very 
fine gl'ained; poorly sorted; weakly cemented; irregu
lar, lenticular, very thin to thick-bedded; weathers 
hackly and forms subdued hoodoos; forms an irregular 
slope; contains some silt beds as much as 6 inches 
thick. 

Total Hoskinnini Member 
Total Moenkopi Formation 

('untact is conformable. 
l'EHlVIlAJ\: 

(utlel' Formation; 
()rgan Hock Tongue: 

1. Sandstone: Light-brown (5YR 6/4) to grayish-red (lOR 
4/2); silt to very fine grained sand; poorly sorted; 
composed of stained quartz; weakly to firmly ce
mented; flat, irregular, very thin to thick-bedded; 
forms an irregular slope; weakly cemented sandstone 
alternates with firmly cemented sandstone; bleached 
{j-inch bed of coarse-grained sand and fine gravel at 
top. 
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UPPEH JURASSIC -Continued 
Morrison Fornlation-Continued 

Salt Wash Sandstone Member-Continued 
29. Sandstone: Light-greenish-gray (5GY 8/ I); fine- to rne

diurn-gl'ained; poorly sorted; composed of subangulal'l 
clear quartz; red quartz and ferromagnesian accessory 
minerals; firmly cemented, calcareous; flat I gnarly; 
simple and trough crossbedding, low- to high-angle 
and small-scale crossbeds; weather's rounded; forms 
a ledge; shaly in middle part; contains abundant oscil
latory and current ripple marks; fluviatile environ
ment; base is sharp and irregular. 

28. Claystone: Very dusky red (lOR 2/2); clay and silt; flat, 
laminated; forms a regular and covered slope; contains 
abundant ironstone lenses; fluviatile environment; basl' 
is sharp and flat. 

27. Sandstone: Light-brown (5YR 6/4); medium-grained; poor
ly sorted; composed of angular, clear quartz; firmly ce
mented, calcareous; gnarly; simple and trough cross
bedding, low- to high-angle and small-scale crossbeds; 
weathL'rs rounded, etched along crossbedding planes; 
forms a ledge; contains abundant lenses of very dusky 
t'ed (lon 2/2) Shale; fluviatile environment; base is 
sharp and flat with no apparent channeling, but contains 
some reworked sand from unit 26, 

Total incomplete Salt Wash Sandstone Member 

Summerville Formation: 
26. Sandstone: 1VI0derate-reddish-brown (lOR 4/6), weath

ering pale t'eddish br'own (lOR 5/4); fine-grained; poor
ly sorted; composed of subangular, clear quartz; arnber 
quartz, feldspar, and ferromagnesian accessory min
erals; firmly cemented, calcareous; flat, laminated to 
thick-bedded; weathers blocky, knobby in more silty 
parts; forms a vertical cliff that is horizontally ribbed 
by many niches or forms a regular and covered slope; 
contains siltstone and claystone partings that weather 
into niches; maximum thickness of silty beds is 3 feet; 
still-water environment; base is flat and &Tadational. 

25. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 
grained; well-sorted; composed of subangular, clear 
and amber quartz; weakly cementedl calcareous; flat, 
laminated; weathers hackly, local etching of shrinkage 
cracks; forms a ledge and covered slope; contains 
much argillaceous material; quiet shallow-water envi
ronment; partly subaerial; base is sharp and flat. 

Total Summerville Formation 

Entrada Sandstone: 
Medial silty member: 

24. Sandstone: Moderate-reddish-br'own (lOR 4/6); fine
grained; well-sorted; composed of subangular, clear 
and rust-stained quartz; ferromagnesian accessory 
minerals; firmly cemented, calcareous; massive, 
flat-bedded; weathers knobby and forms hoodoos; 
forms a rounded cliff; lower 5 feet contains simple 
and trough crossbedding, low-angle and small-scale 
crossbeds; contains primary slumpage features; flu
viatile environment; base is sharp and flat. 

23. Sandstone: Moderate-reddish-brown (lOR 4/6); fine- to 
mediunl-grained; poorly sorted; composed of subangu
lar, clear and anlber quartz; white quartz accessory 
mineral; firmly cemented, siliceous and calcareous; 
massive; simple and trough crossbedding, high-angle 
and small-scale crossbeds; forms a rounded cliff and 
rolling slope; white line (bleached zone) at top of unit; 
fluviatile environment; base is gradational. 

22. Siltstone: Light-brown (5YR 5/6); poorly sorted; com
posed of subangular quartz; firmly cemented, calcare
ous; massive; weathers into hoodoos; forms a rounded 
cliff; contains abundant argillaceous material; fluviatile 
environment; base is gradational. 

21. Sandstone: Light-brown (5YR 5/6), weathering light olive 
gray (5Y 6/0; fine-grained; well-sorted; composed of 
subangular, clear quartz; well to firmly cemented, cal
careous; gnarly; forms a ledge; weathers into abundant 
pellets the size of BB shot; fluviatile environment; base 
is sharp and flat. 

Total medial silty member 

Lower sandy lllernber: 
20. Sand~tone: Light-brown (5YR 5/6); fine-grained; well

sorted; composed of rounded, clear quartz; weakly 
cemented, siliceous; massive; simple and trough 
crossbeddingl 10w-anRle and large-scale crossbeds; 
weathel's rounded; forms a rounded cliff or rolling 
slope; lower 2 to 3 feet is flat bedded; eolian environ
ment; base is sharp and flat. 

Total Entrada Sandstone 

UPPEH AND MIDDLE JUHASSIC: 
Carmel FOl'nlation: 

18. Siltstone: Gmyish-red (lOR 4/2), weathering pale reddish 
brown (101{ 5/4); mica and quartz accessory Ininel'als; 
flat, lanlinated; weathers smooth; forms a regular 
slope; fluviatile enviroIllnent; base is sharp. 

18. Sandstone: ~ight-greenish-gray (5G 8/1), weathering pale 
yellOWish brown (lOYR 6/2); fine-grained; poorly sorted; 
composed of subangular, clear quartz; black accessory 
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B. -East side of Monitor Mesa, 33 miles west of Mexican Hat 
12-11.0-5.0 A 

[Measured byC. B. Read] 

UNCONFORMITY(? ). 
THL\SSIC( '?): 

Mopnkopi Formation: 
lIoskinnini Menlber: 

li. Sandstone: Grayish-orange-pink (lOR 8/2) to pale-red
dish-brown (lOR 5/ .. ); medium-grained; calcareous 
and ferruginous cement; thin-bedded; crossbedding; 
forms vertical ledges, 

5. Sandstone: Pale-reddish-brown (lOR 5/4) to moderate
reddish-brown (lOR 4/6); fine- to medium-grained 
matrix containing abundant coarse subrounded quartz 
gl'ains; calcareous, ferruginous, and argillaceous ce
ment; even. thick-bedded; nonrhythmic sequence of 
bl~ds; weathers into irregular cliffs; thin silty inter
vals intel'calated with sandstone; mottling common. 

-I. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
g'l'ained nlatrix containing abundant coarse, subround
eel to subangular, quartz grains; well-cemented, 
calcareous, ferruginous, and argillaceous; medium-

PEHML\N: 

to thick-bedded; crossbedding; basal unit of Hoskinnini 
Mpmber l'ests unconformably upon De Chelly Sandstone 
Melnhel'. 

Total Moenkopi Formation 

Cutler FOl'nlation: 
1k ChellO' Sandstone Member: 

:3, Sandstone: Moderate-orange-pink (lOR 7/4) to moderate
reddish-orange (lOR 6/6); medium-grained matrix 
containing occasional coarse, rounded, quartz grains; 
well-cemented, calcareous; thin- to medium~bedded; 
small-scale crossbedding; weathers into irregular 
cliffs; considerable calcite veining in sandstone beds; 
upper part of unit is leached and fractured; De Chelly 
Sandstone Member thins to vanishing point 100 yards 
away. 

Organ Hock Tongue: 
2. Siltstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; calcareous, ferruginous, and argillaceous 
cement; even, thin- to thick-bedded; weathers into 
irregular cliffs; top of unit is mud cracked and filled 
with apophyses of De Chelly Sandstone Member. 

1. Siltstone and mudstone, interbedded: Very fine grained; 
calcareous, ferruginous, and argillaceous cement; 
even, thin- to medium-bedded; rhythmic sequence of 
beds; weathers into slopes and ledges; occasional float 
of lime-pellet conglomerate; mottling and banding very 
common. 

~~l~f 8~ft~';. ~'i,"r~~fli,tue 
33. -Dennehotso 

A. -6 miles southwest of Dennehotso, 
19 miles east of Kayenta 

22-10.5-15.0 

[Measured by C. A. Repenning and J. H. Irwin] 

UPPER JURASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
35. Sandstone: Very pale orange (10YR 8/2); medium

grained; poorly sorted; composed of subangular, 
clear quartz; ferromagnesian accessory minerals; 
well-cemented, calcareous; massive; simple and 
trough crossbedding, low- to high-angle and medium
to large-scale crossbeds; weathers rounded to blocky; 
forms a ledge in the cliff face and an irregular rolling 
surface on mesa; contains abundant lenses and string
ers of pebble conglomerate and a few lenses of argil
laceous material; apparent fluviatile environment, or 
possible beach sand, with some eolian material in up
per part of section; base is flat and gradational. 

34. Claystone: Ver:j pale blue (5B 8/2) and pale-reddish
brown (JOR 5/4); clay and some silt; flat, laminated; 
forms a niche in cliff; fluviatile environment; base 
is sharp and unit intertongues with unit 33. 

3:l. Sandstone: Very pale orange (JOYR 8/2), weathering 
pale yellowish brown (10YR 6/2); poorly sorted; com
posed of subangular, clear quartz; feldspar accessory 
mineral; firmly cemented, calcareous; massive; sim
ple and trough crossbedding, low-angle and medium
scale crossbeds; weathers blocky; forms a vertical 
cliff; fluviatile environment; base is sharp and irregu
lar, an erosion surfac e. 

32. Siltstone: Very pale blue (5B 8/2) and pale-reddish
brown (JOR 5/'±); flat, laminated; forms a niche; flu
viatile environment; base is sharp and flat. 

31. Sandstone: Pule-greenish-yellow (lOY 8/2) to grayish
yellow (5Y 8/4); fine- to medium-grained; poorly 
sorted; composed of subrounded to subangular, clear 
quartz; feldspar and ferromagnesian accessory min
erals; firmly cemented, calcareous and ferruginous; 
massive; simple and trough crossbedding, low- to 
high-angle and small-scale crossbeds; weathers 
rounded and pitted; forms a ledge; fluviatile environ
ment; base is sharp and flat. 

:llJ. Claystone: Medium-bluish-gray (5B 5/0, weathering 
light bluish gray (5B 7/1); flat, laminated; forms a 
regular and covered slope; contains lenses of small
scale crossbedded sandstone; base is sharp and flat. 
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minerals; firmly cemented, calcareous; flat, gnarly, 
thin- to thick-bedded; weathers blocky; forms a ledge; 
contains ripple marks and shrinkage cracks; fluviatile 
environment; base is sharp and irregular. 

17. Siltstone: Grayish-red (lOR 4/2), weathering pale reddish 
brown (lOR 5/4); composed of quartz; mica accessory 
minerals; flat, laminated; forms a regular slope; basp 
is sharp. 

16. Sandstone: Light-greenish-gray (5G 8/t), weathering pal,' 
yellowish brown (10YR 6/2); fine-grained; well-sorted; 
composed of subangular, clear quartz; firmly cemented, 
calcareous; flat, gnarly; weathers blocky; forms a 
ledge; contains ripple marks; fluviatile environment. 

(Section continued on Garnet Ridge, 4 miles north of Dennehotso, 
27 miles east-northeast of Kayenta, 22-5,6-6. 0.) 

15. Siltstone: Grayish-red (lOR 4/2), weathering pale reddish 
brown (lon 5/4); composed of quartz; mica accessory 
mineral; flat, laminated; weathers smooth; forms a 
regular slope; fluviatile environment; basp. is sharp 
and irregular. 

14. Sandstone: Light-greenish-gray (5G 8/1), weathering pale 
yellOWish brown (lOYR 6/2); fine-grained; fair-sorted; 
composed of subangular, clear quartz; black accessory 
minerals; firmly cemented, calcareous; flat) gna1'ly; 
weathers blocky; forms a ledge; contains large shrink
age cracks that are roughly hexagonal and 4 to 6 feet in 
size; fillings of these cracks extend into the adjoining 
units; contains ripple marks; fluviatile environment. 

13. Siltstone: Same as unit 15. 
12. Sandstone: Same as unit 14. 
11. Siltstone: Same as unit 15. 
10. Sandstone: Same as unit 14. 

9. Siltstone: Same as unit 15. 
8. Sandstone: Same as unit 14. 
7. Siltstone: Same as unit 15. 
6. Sandstone: Same as unit 14. 
5. Siltstone: Same as unit 15. 

Total Carmel Formation 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

4. Sandstone: YellOWish-gray (5Y 8/1); fine- to medium
grained; composed of subrounded to subangular, clear 
quartz; black accessory minerals; weakly to firmly 
cemented, calcareous; massive; trough crossbedding] 
high-angle and large-scale crossbeds; weathers rounded; 
forms a regular and rolling slope; one 2-foot-thkk lens 
of limestone in upper part of unit; eolian environment; 
base is gradational. 

UPPER TRIASSIC(?): 
Kayenta Formation: 

3. Sandstone and mUdstone: Forms a led\(y slope. 
Sandstone: Pale-red-purple (5RP 6/2); fine-grained; 

flat-bedded; trough crossbedding, small- to medium
scale c rossbeds. 

Mudstone: Grayish-red (lOR 4/2); flat, laminated. 
UPPER TRIASSIC: 

Wingate Sandstone: 
Lukachukai Member: 

2. Sandstone::·Undescribed. 
Rock Point Member: 

1. Sandstone and siltstone: Undescribed. 

Total Wingate Sandstone 

B. -Along Mexican Hat-Mexican Water road at Comb Ridge, 
12 miles north of Dennehotso, 
12 miles south of Mexican Hat 

22-4.8-1. 5 

[Measured by M. E. Cooley and J. P. Akers] 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
18. Sandstone: Moderate-reddish-orange (lOR 6/6); silt to 

medium-grained sand; flat, lenticular, thin to very 
thick bedded; weathers blocky; forms an irregular 
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ledge; base is gradational. 50+ 
Chinle Formation: 

Owl Rock Member: 
17. Limestone: Grayish-pink (5R 8/2); well to firmly ce

mented; flat, irregular, thick to very thick bedded; 
weathers blocky; pebble conglomerate occurs at top; 
base is sharp. 

16, Limy siltstone: Same as unit J 2, ,J<) 

15. Limestone and siltstone: Pale-reddish-brown (lOR 5/~); 
silt; weakly cemented, calcareous; flat, thick to very 
thick bedded; weathers blocky; forms an irregular 
ledge; base is sharp. 

14. Limy siltstone: Same as unit 12. 8 
13. Limestone: 'Very pale blue (5B 8/2). 
12. Limy siltstone: Moderate-orange-pink (lOR 7 /~); silt to 

very fine grained sand; fair-sorted; weakly cemented, 
calcareous; flat, lenticular, very thin to thick-bedded; 
weathers smooth and fluffy; forms an irregular slope; 
contains a few silty limestone beds as nluC'h as 1 foot 
thick. .J!l 

Total Owl Rock Member 120 

Petrified Forest Member: 
11. Mud-pellet conglomerate: Gray; silt to very fine gl'ainl'd 

sand; poorly sorted; weakly cemented, calC'areou.s; iI'
regular, lenticular, thick to very thick bedded; lentic
ular trough crossbedding; weathers blocky; forms an 
irregular ledge; contains mud pellets as much as half 
an inch in diameter; basp is sharp. 

llli 



Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico. and Utah-Continued 

UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member-Continued 
10. Sandstone and mudstone, alternating: Moderate-orange

pink (lOR 7/4); clay to fine-grained sand; poorly sorted; 
weakly cemented. calcareous; lenticular, thick to very 
thick bedded; lenticular and wedge simple and trough 
crossbedding, high-angle and large-scale crossbeds; 
some pseudocrossbedding in more sandy horizons; 
weathers smooth to hackly; forms a rolling slope; base 
is gradational. 

9. Mudstone, siltstone, sandstone, claystone: Pale-red
purple (5RP 6/2); clay to medium-grained sand; poorly 
sorted; weakly cemented, calcareous; irregular. len
ticular, thin to very thick bedded; lenticular and wedge 
simple and trough crossbedding, low-angle and large
scale crossbeds; large-scale wedge crossbedded chan
nels contain sandstone, siltstone, and claystone, each 
channel containing different material; weathers smooth; 
forms an irregular, rolling slope; unit is partially cov
ered; base is sharp. 

Total Petrified Forest Member 

Lower red member: 
8. Sandstone: Very pale orange (10YR 8/2); fine- to me

dium-grained; fair-sorted; mica accessory mineral; 
well to firmly cemented; flat, irregular, lenticular, 
thin to very thick bedded; unit is a gradational set; 
lenticular and wedge trough crossbedding; some sur
faces exhibit manganese staining and iron concretions; 
weathers rounded to blocky; forms an irregular ledge; 
base is concealed. 

7. Covered interval. 
Total lower red member 

Shinarump Member: 
6. Conglomeratic sandstone: Very pale orange (lOYR 8/2); 

very fine to very coarse grai,led; composed of rounded 
to subangular, clear and frosted quartz; firmly ce
mented, siliceous; irregular, lenticular, thick to very 
thic k bedded; lenticular and wedge trough crossbedding, 
medium- to large-scale c rossbeds; weathers blocky; 
forms irregular ledges; contains rounded pebbles as 
much as 2 inches in diameter; base is sharp and ir
regular, 

Total Chinle Formation 

UNCONFORMITY. 
MlDDLE(?) . .';ND LOWER TRIASSIC: 

Moenkopi Formation: 
Upper siltstone, middle sandstone, and lower siltstone members 

undifferentiated: 
5. Siltstone: Pale-reddish-brown (lOR 5/4); weakly to firm

ly cemented, calcareous; flat, irregl1l:-! .... , lenticular, 
thin to very thin bedded; '-'ns a ledge atld slope due 
to altern~ting weak and firp, :·'nE'nting; partly covered; 
base is gradational. 

4. Sandy limestone: Very pale orange (lOYR 8/2) to pale
reddish-brown (lOR 5/..J,); very fine grained sand; well 
to firmly cemented; flat, lenticular, very thin to thick
bedded; lenticular pseudocrossbedding; weathel's blocky 
and hackly; forms an irregular ledge; base is flat. 

3, Siltstone and limy sandstone, alternating: 
Siltstone: Pale-reddish-brown (lOR 5/4); mica acces

sory mineral; weakly cemented, calcareous; irregu
lar, lenticular, gnarly, very thin to thin-bedded; 
weathers hackly; forms a partly covered, irregular 
slope; base is gradational. 

Limy sandstone: Very pale orange (lOYR 8/2) to pale
reddish-brown (lOR 5/4); fine to very fine grained; 
poorly sorted; firmly cemented, calcareous; flat, 
irregular, very thin to thick-bedded; weathers 
blocky; forms an irregular ledge; base is flat. 

Total upper siltstone, middle sandstone, and 
lower siltstone members undifferentiated 

C:-iC02'lFORMITY: Concealed; flat. 
TRL"SSIC(? ): 

Moenkopi Fornmtion: 
Hoskinnini Member: 

2. Silty sanllstone and sandstone, alternating: 

PERMIAN: 

Silty sandstone: Grayish-red (lOR 
4/2); silt to fine-graineu sand; 
poorly sorted; flat, irregular, 
thin to very thin bedded; W eath
ers hackly; forms an irregular 
slope; base is gradational. 

Sandstone: Very pale orange (lOYR 
8/2); fine- to medium-grained; 
composed of subrounded to sub
angular, clear and stained quartz; 
firmly cemented; flat, irregular. 
thin- to thick-bedded; weathers 
blocky; forms an irregular ledge; 
base is gradational. 16 

Total Moenkopi Formation 

Cutler Formation: 
De Chelly Sandstone Member: 

1. Sandstone: Moderate-reddish-orange (lOR 6/6); very 
fine to fine-grained, some coarse grains; fair-sortedj 
composed of clear, stained, and frosted quartz; firm
ly cemented; unit is a set; lenticularly bedded; lenticu
lar and wedge simple and trough crossbedding, low- to 
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UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member-Continued 
regular slope; common limestone nodules as much as 
2 inches in size; chips of petrified wood; contains some 
sandy zones composed of medium-grained, clear, stained 
and frosted quartz with mica accessory mineral; base is 
gradational. 

Total Petrified Forest Member 

Lower red member: 
16. Sandstone and mudstone, alternating: Pale-red (lOR 6/2); 

sandstone is medium grained, fair- sorted, and com
posed of subrounded to subangular, clear, stained, and 
frosted quartz; firmly cemented, siliceous; irregularly 
bedded; unit is a coset; trough crossbedding, small
scale crossbeds; contains rare fragments of petrified 
WOOd; mudstone is same as unit 15; weathers hackly; 
forms an irregUlar slope; base is sharp, 

15. Mudstone: Very dusky red (lOR 2/2); weakly cemented; 
massive. flat-bedded; weathers fluffy; forms a regular 
slope; base is sharp. 

Total lower red member 

Shinarump Member: 
14, Sandstone: White (N 9); coarse- to medium ... grained; fair

sorted; composed of subrounded to subangular, clear, 
stainedJ and frosted quartz; black accessory minerals; 
firmly cemented, siliceous; unit is a coset; lenticular 
and wedge simple and trough crossbedding. small- to 
medium-scale crQssbeds; forms an irregular ledge; 
contains rare limonite concretions; base is sharp. 

13, Siltstone: Same as unit lOA. 
12. Sandstone: Same as unit lOB. 
11. Siltstone: Same as unit lOA. 
lOB. Silty sandstone: Grayish-orange (lOYR 7/4); silt to very 

fine grained sand; fair-sorted; composed of subrounded 
to subangular quartz; firmly cemented, calcareous; 
very thin to thick-bedded; pseudocrossbedding; weath
ers hackly; forms an irregUlar ledge; base is grada-

I tional. 
lOA. Sandy siltstone: Grayish-red (lOR 4/2); mica accessory 

mineral; weakly cemented, calcareous; very thin to 
thin-bedded; pseudocrossbedding; weathers hackly; 
forms an irregUlar slope; base is gradational. 

9B. ·Sandstone: Grayish-red (lOR 4/2); silt to very fine 
grained sand; composed of subrounded to subangular 
quartz; mica accessory mineral; weakly to firmly ce
mented, calcareous; flat, very thin to thin-bedded; 
pseudocrossbedding; weathers hackly; forms an irregu
lar slope; base is gradational. 

9A. Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; composed of clear and frosted quartz; 
firmly cemented, calcareous; massive, thick to very 
thic k bedded; unit is a coset; wedge planar and trough 
crossbedding, low-angle and medium- to large-scale 
crossbeds; weathers rounded; forms a rounded ledge; 
base is sharp. 

8. Silty limestone: Yellowish-gray (5Y 8/ll on fresh surface; 
firmly cemented; thin to very thin bedded; weathers 
blockYj forms an irregUlar ledge; upper part of unit is 
limy siltstone; base is gradational. 

7. Limy siltstone: Pale-reddish-brown (lOR 5/4); mica ac
cessory mineral; weakly to firmly cemented, calcare
ous; flat, fissile to very thin bedded; pseudocrossbed
ding; weathers hackly; forms an irregular slope; base 
is gradational. 

6B. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; fair-sorted; composed of rounded to sub
rounded quartz; weakly cemented, calcareous; thin- to 
thick-bedded; weathers hackly; forms an irregular 
slope; base is gradational. 

6A. Sandstone: Pale-reddish-brown (lOR 5/4); silt to very 
fine grained sand; fair-sorted; composed of subrounded 
to subangular quartz; weakly to firmly cemented, cal
careous; flat, thick to very thick bedded; weathers 
blocky; forms an irregular ledge; base is sharp, 

5. Siltstone and minor amount of sandstone: Pale-reddish
brown (lOR 5/4); mica accessory mineral; weakly to 
firmly cemented, calcareousj very thin to thick-bedded; 
wedge crossbedding, small-scale crossbeds; pseudo
crossbedding; weathers hacklyj forms an irregular 
slope; base is gradational. 

4. Sandstone: Light-brown (5YR 6/4); coarse to very coarse 
grained; fair-sorted; composed of subrounded to sub
angular, clear, stained, and frosted quartz; weakly ce
mented, siliceous; irregular, thin- to thick-bedded; 
weathers blocky; forms an irregular ledge; base is 
sharp. 

Total Shinarump Member 
Total Chinle Formation 

(Section continued 4 miles north of Owl Rock, 10 miles north of 
Kayenta, 23-13.7-8.2.) 

TRIASSIC(? ): 
Moenkopi Formation: 

Hoskinnini Member: 
3. Sandstone and minor amount of siltstone: Pale-reddish

brown (lOR 5/4); medium to very coarse grained; poor
ly sorted; composed of sub rounded to subangular, 
stained and frosted quartz; firmly cemented, siliceous; 
irregular, very thick bedded; weathers hackly; forms 
an irregular ledge; contains some bleached lenses; 
base is gradational. 

2. Sandstone: Gl'ayish-red (lOR 4/2); fine- to medium-
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high-angle and large-scale crossbeds; weathers rounded 
and blocky; forms an irregular ledge; some silty areas; 
base is concealed. 

34. -Owl Rock 

Ow 1 Rock, 7 t miles north of Kayenta 
24-1.2-10.8 

[Measured by M. E. Cooley and J. P. Akers] 

UPPER THIASSIC: 
\\,ingatt' Sandstone: 

J ukachukai Member: 
32. Sandstone: Moderate-reddish-orange (lOR 6/6); very 

fine to fine-grained; composed of stained and frosted 
quartz; firmly cemented; flat, massive, very thick 
bedded; wedge planar crossbedding, low- to high
angle and medium- to large-scale crossbeds; forms 
a vertical cliff; base is sharp. 

Roc k Point Member: 
31. Sandstone and minor amount of siltstone: Silt to coarse

grained sand; composed of stained and frosted quartz; 
weakly to firmly cemented, calcareous; irregular, len
ticular, thin- to thick-bedded; wedge crossbedding, 
low-angle and medium- to large-scale crossbeds; 
weathers rounded; forms an irregular slope; base is 
gradational. 

30. Sandstone and siltstone, alternating: Moderate-reddish
orange (lOR 6/6); very fine grained; well-sorted; com
posed of stained and frosted quartz; firmly cemented, 
calcareous; flat, thin to very thick bedded; weathers 
blocky; forms an irregular ledge; contains abundant 
vertical joints; some beds weather into subdued hoo
doos; an 8-foot limy zone occurs near bottom of unit; 
base is gradational. 

Chinle Formation: 

Total Rock Point Member 
Total Wingate Sandstone 

Owl Rock Member: 
29. Limestone and siltstone, alternating: Limestone is same 

as unit 27 and siltstone same as unit 24; irregular, 
lenticular, thick to very thick bedded; weathers blocky; 
forms an irregular ledge; base is gradational. 

28. Siltstone: Undescribed; unmeasured. 
27. Limestone: Very pale blue (5B 8/2); well-cemented; ir

regular, thick-bedded, separated by very thin silty 
layers; some beds are composed of concretionary 
structures; weathers hackly and blocky; forms an ir
regular ledge; contains common chert nodules; zone of 
seeps along strike in localized areas; base is sharp. 

26. Siltstone: Same as unit 24. 
23. Limestone: Same as unit 23; more silty part of unit is 

composed of concretionary forms. 
2~. Limy siltstone: Moderate-orange-pink (lOR 7/4); firmly 

cemented; massive, flat-bedded; weathers hackly; 
forms an irregular slope; upper part of unit is more 
silty and less firmly cemented; several horizons are 
bleached to a light green; base is sharp. 

23. Limestone and siltstone: Grayish-pink (5R 8/2); well
cemented; flat, irregular, thin to very thick bedded; 
limestone as much as 6 feet thick is separated by silt
stone as much as 6 inches thick; weathers blocky; 
forms an irregular ledge; limestone contains common 
angular mud pellets and green bleached spots; numerous 
silt zones are bleached to light green; base is sharp. 

Total Owl Rock Member 

Petrified Forest Member: 
22. Siltstone: Pale-red (lOR 6/2); some sandy zones; firmly 

cemented, calcareous; forms an irregular slope; con
tains numerous sandy lenses about 4 inches thick and 
as much as 10 feet long; some sandy streaks meet at 
low angles; bottom 20 feet of unit is silty mudstone; 
base is gradational. 

21. Limy siltstone: Pale-red (5R 6/2); firmly cemented; 
massive, flat-bedded; weathers hackly; forms an ir
regular ledge; abundant light-green spots average 
three-eighths of an inch in diameter; base is grada
tional. 

20. Sandy siltstone: Same as unit 18, 
19. Conglomerate and mudstone, alternating. 

Conglomerate: Grayish-pink (5R 8/2). 
Matrix: Medium to very coarse grained sand; com

posed of subrounded to subangular, clear and 
frosted quartz; weakly to firmly cemented, cal
careous; irregular, thin to very thick bedded; 
wedge crossbedding, low-angle and medium-scale 
crossbeds. 

Pebbles: Composed of subrounded limestone and 
very calcareous mudstone; maximum size, half 
an inch. 

Mudstone: Grayish-pink (5R 8/2); massive, flat
bedded; unit forms an irregular slope; base is 
gradational. 

18. Sandy siltstone: Pale-red-purple (5RP 6/2); silt to me
dium-grained sand; composed of subrounded to subangu
lar, stained and frosted quartz; mica accessory mineral; 
weakly' cemented, calcareous; massive; unit is a coset; 
wedge crossbedding, low-angle and medium- to large
scale crossbeds; weathers fluffy; forms an irregular 
slope; commonly contains limestone nodules; one very 
calcareous zone; base is gradational. 

17. Mudstone: Moderate-greenish-yellow (lOY 7/4) and gray
ish-red (5R 4/2); weakly cemented, calcareous; mas
sive; wedge trough crossbedding, low-angle and small
to medium-scale crossbeds; weathers fluffy; forms a 
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grained; fair-sorted; composed of stained and frosted 
quartz; firmly cemented, siliceous; flat, massive, very 
thick bedded; weathers rounded; forms an irregular 
ledge; coarse- grained sand stringers common; base is 
irregular and gradational. 

Total Moenkopi Formation 

UNCONFORMITY. 
PERMIAN: 

Cutler Formation: 
De Chelly Sandstone Member (incomplete): 

1. Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; well-sorted; composed of clear, stained, and 
frosted quartz; firmly cemented, siliceous; massive, 
very thick bedded; unit is a coset; asymmetrical and 
symmetrical trough crossbedding. large-scale cross
beds; weathers smooth; forms a rounded slope; base 
is concealed. 

35. -Chilchinbito 

Northeast side of Black Mesa. 10 miles north-northwest of 
Chilchinbito, 8 miles southeast of Kayenta 

38-8.0-6.5 

[Measured by L. C. Craig and V. L. Freeman] 

UPPER JURASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
Top of section. near top of exposure. 
13. Sandstone: White (N 9) to greenish-white (5G 9/1); me

dium to very coarse grained; wedge eros sbedding; oc
casional shaly partings and angular chert pebbles sug
gest fluviatile deposition; unmeasured. 

12. Claystone: Grayish-red (lOR 4/2); slightly silty; weath
ers chippy to earthy. 

11. Sandstone: Light-greenish-gray (5GY 8/1); fine-grained; 
composed of subangular. clear quartz;, rare green, 
orange, black, and red accessory minerals; crossbed
ding; channeled. 

10. Claystone: Grayish-red (lOR 4/2); slightly silty to very 
sandy; weathers chippy to earthy; thin, nodular, yel
lowish-gray (5Y 8/1) limestone lenses as much as 3 
inches thick contain abundant spiral gastropods and 
Chara. 

Total incomplete Morrison Formation 
Cow Springs Sandstone: 

9. Sandstone: Yellowish-gray (5Y 8/1) to moderate-reddish
brown (lOR 4/6), banded and mottled; very fine grained; 
composed of subangular, clear and stained quartz; com
mon orange and black accessory minerals; upper 4. 1 
feet is structureless white (N 9) sandstone, well ce
mented into slabby calcareous beds in upper 1 foot. 

8. Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine grained; composed of subangular to angular, 
clear and amber - stained quartz; common black 
accessory minerals; forms an unbroken vertical 
cliff; upper one-third of unit is horizontally bed
ded, middle one -third is wedge crossbedded, and 
lower one -third is interbedded with both types of 
bedding. 

Total Cow Springs Sand stone 

Summerville Formation: 
7. Sandstone: Light-brown (5YR 6/4) in upper half of unit, 

grayish-red (lOR 4/2) in lo\ver half; very fine grained; 
composed of subangular to angular, clear and amber
stained quartz; faint, wavy, flat-bedded. 

6. Claystone: Very dark red (5R 2/6); very slightly sandy; 
forms a prominent reentrant. 

5. Sandstone: Moderate-reddish-orange (lOR 6/6) in lower 
two-thirds of unit, light-brown (5YR 6/4) in upper one
third; very fine grained; rare orange and black acces
sory minerals; upper one-third of unit contains promi
nent reentrants, giving banded appearance. 

4. Claystone: Pale-red (5R 6/2) to light-red (5R 6/6); slight
ly sandy; nonresistant. 

3. Sandstone: Light-reddish-brown (lOR 5/6); very fine 
grained; composition same as unit 2; beds are uncon
torted; forms an unbroken cliff. 

2, Sandstone: Light-reddish-brown (lOR 5/6); very fine 
grained; composed of subangular to angular. clear and 
amber-stained quartz; very calcareous; unit is con
torted on a broad scale; weathers massive; some zones 
contain dusky-red (5R 3/4), fine, horizontal, wavy lam
inae and common yellowish-gray (5Y 7/2) spots and 
bands; rare disseminated medium-grained sand. 

Total Summerville Formation 

Entrada Sandstone (incomplete): 
1. Sandstone: Very pale orange (lOYR 8/2); ver,' fine 

grained; composed of clear and amber-stained quartz; 
rare orange and black accessory minerals; wedge 
crossbedding; weathers massive; contains con1mon 
medium-grained, well-rounded quartz. 

Base of measured section; base of local exposure. 

36. -Tsegi Trading Post 

North side of Black Mesa, 11 miles southwest of Kaventa 
39-10.2-7.3 . 

[Measured by J. W. Harshbarger] 

UPPER AND LOWER CRETACEOUS: 
Dakota(?) Sandstone: 

16. Sandstone: YellOWish-orange (jOYR 7/6); fine-grained; 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Al'izona, New Mexico, and Utah-Cuntinued 

UPPER AND LO\\ER CRETACEOUS-Continued Feet 
Dakota( '?) Sandstone-Continued 

fiI'ully celuented, calcareous and ferruginous; flat, 
thin-bedded, beds ~ to ~ inch thick; forms a pitted 
cliff; contains abunaant black iron specks. 42 

UNCONFORMITY: Not apparent. 
UPPER JURASSIC: 

Morrison Forn1ation: 
\\ est water Canyon Member: 

Slope: Concealed by talus; appears to be sinlilar to unit 15; 
alternating red shale beds. 27 

15. Sandstone: Pa1e-yellowish-gray (5Y 8/2); fine-grained; 
firnl1y cemented, calcareous; thick-bedded, beds 4 to 
6 feet' thick; massive; forms a rough, vertical-jointed 
cliff; contains abundant kaolin specks, 22 

Slope: Talus-covered; appears to be similar to unit 14; alter-
nating reddish-brown shale beds. 41 

H. Sandstone: Yellowish-gray (5Y 7/2); fine-grained; firm
ly cemented, calcareous; thin-bedded, beds t to 2 inches 
thick; crossbedded, small-scale crossbeds; forms a 
rough, pitted, vertical-jointed cliff; contains limonite 
nodules and abundant kaolin specks. 71 

13. Sandstone and shale: Same as unit 11; poorly exposed 
blocky slope. 64 

12. Sandstone: Light-gray (N -7); very fine grained; firmly 
cemented, calcareous cement; flat, thick-bedded, beds 
.f to 6 feet thick; forn1s a pitted cliff; contains COmmon 
kaolin specks. 17 

Total Westwater Canyon Member 242 

Recapture Shale Member: 
11. Shale and sandstone, alternating: Reddish-brown shale, 

very fine grained, thin-bedded; light- gray (N 7) sand
stone similar to that of unit 9; twice as ll1uch shale as 
sandstone; calcareous cement; forms a smooth, banded 
slope. 109 

10. Sandstone: Light-gray (N 7); fine-grained; firn;tly ce
mented, calcareousj flat, thin-bedded, beds "2 to 2 
inches thick; forms a resistant ledge; contains limonite 
specks. 4 

8. Sandstone: Very light gray (N 8); fine-grained; very 
weaklv cemented, calcareous; flat J thin-bedded, beds 
~ to i inch thick; fonns a friable, smooth, banded 
slope; contains s€\""-eral resistant ledges; alternates 
with thin-bedded, aphanitic, pale-red (5R 6/2) shale. 76 

Total Recapture Shale Member 189 

Salt \\ ash Sandstone Member: 
8. Sandstone: Same as unit 7; contains abundant limonite and 

hematite nodules; irregular J lenticular granule con-
glomerate. 54 

7. Sandstone: Yellowish-gray (5Y 7/2); fine-grained; weak
ly cemented, calcareous; thin-bedded, beds ~ to 2 
inches thick; crossbedded, small-scale crossbeds; 
forms a rough, pitted cliff; commonly contains black 
iron specks. 47 

6. Sandstone: Light-gray (N 7); very fine grained; weakly 
cemented, calcareous; thin-bedded, beds t to 1 inch 
thick; crossbedded; forms a roughJ pitted cliff; con-
tains abundant limonite specks and nodules. 23 

Total Salt Wash Sandstone Member 
Total Morrison Formation 

Cuw Springs Sandstone: 
5. Sandstone: Yellowish-gray (5Y 7/2); very fine grained; 

firmly cemented, calcareous; thin-bedded J beds t to 
2 inches thick; crussbeddedJ small- to large-scale 
crossbeds; forms a rounded cliff; contains pale-red 
(5R 6/2) shale lenses (l x 8 feet) and small, irregular, 
sandy lin1estone lenses 3 to 5 inches thick and 5 to 10 
feet long. 

Slope: Concealed by talus'and vegetation; appears to contain 
beds similar to unit .J at top and beds similar to unit 4 
at bottom. 

Total C ow Springs Sandstone 

Entrada Sandstone: 
4. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; firmly cemented, calcareous; flat, thin-bed
ded, beds t to 1 inch thie k; partially erossbedded; 
forms a smooth, rounded cliff; contains abundant 
crisscross, mottled, light-gray (N 7) streaks. 

Slope: Talus-covered; occasional small outcrops indicate 
beds are similar to units 3 and 4. 

:J. Sandstone: Light-brown (5YR 6/4); very fine grained; 
firmly cemented, calcareous; massive; thick-bedded; 
partially crossbedded, large-scale crossbeds; forms 
a smooth, rounded cliff; contains abundant crisscross, 
irregular, light-gray (N 7) streaks or bands. 

Total Entrada Sandstone 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

Slope: Talus-covered; occasional outcrops of pale-red (5R 
6/2) sandy shale and flal-bedded yellowish-gray (5Y 7/2) 
sandstone; boundary between Carmel Formation and 
Entrada Sandstone appears to be near top third of unit. 

2. Sandstone: Yellowish-orange (lOYR 7/6); fine-grained; 
very weakly cemented, calcareous; flat, thin-bedded, 
beds t to 1 inch thick; forms a smooth ledge; contains 
abundant iron spec ks. 

Slope: Covered by landslide; poorly exposed outcrop of red
dish-brown shale near base. 

Total Carmel Formation 
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38. -Comb Wash 

Comb Ridge, half a mile north of State lIighway 74, 
16 ll1iles east-northeast of Mexican Hat 

3-6.4-16.0 

[Measured by C. A. Repenning and P. H. Stevens) 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: .Feet 
6. Sandstone: Moderate-reddish-orange (lOR 6/6); fine- to 

medium-grained; composed of subl'uunded to subangu
lar, clear and amber quartz; well-cemented; massive; 
unit is a coset; asymmetrical and plunging trough cross
beddingJ medium- to large-scale crossbeds; weathers 
rounded; forms a vertical cliff; contains abundant me
dium- to coarse-grained sand composed of quartz that 
is concentrated along bedding planes; eolian environ-
ment; base is sharp and flat. 270 

Tongue of Rock Point Member: 
5. Sandstone: Pale-red (5R 6/2); very fine to medium

grained; fair-sorted; composed of subrounded to sub
angularJ white and amber quartz; mica accessory n1in
eral (5 percent); well-cemented; massive, laminated; 
weathers blocky; forms an irregular cliff; contains mud 
galls, especially near the top; fluviatile environment; 
bas e is sharp and flat. 58 

Lukachukai Member continued: 
4. Sandstone: Same as unit 6; small- to medium-scale cross

beds; weathers rounded; forms a vertical and rounded 
cliff; base is sharp and flat. 73 

Total Lukachukai Member, including tongue of 
Rock Point Member ~02 

Rock Point Member: 
3. Siltstone: Silt and some very fine grained sand; composed 

of clear and amber quartz; black accessory minerals 
(about 5 percent); weakly cemented; flatJ laminated; 
unit is a set; weathers smooth; forms a regular slope; 
base is sharp and irregular. 

Total Wingate Sandstone ~07 

Chinle Formation: 
Owl Rock Member: 

2. Siltstone: Moderate-reddish-brown (lOR ~/6); silt, cIa,', 
and very fine grained sand; weakly cemented; lan1i
nated; weathers rounded to hackly; forms a regular 
and covered slope; base is sharp and irregular. 2-l 

1. Limestone: Light-brolVnish-gray (5YR 6/1); silt and vel-Y 
fine grained sand; composed of clear quartz; well-ce
mented; weathers blocky; forms a ledge; contains abun
dant light-greenish-gray (5GY 8/1) spots; base is grada
tional and irregular. 

Total incomplete Chinle Formation 28 

39. -Mexican \':ater 

On butte 2 miles east of Mexican \\ ater Trading Post 
21-5.8-2.6 

[Measured by J. D. Strobel!, Jr.1 

Top of sectionJ top of hill at southern edge of mesa. 

UPPER JURASSIC: 
Morrison Formation: 

Recapture Shale Melnber: 
52. Sandstone: Light-brown (5YR 6/~ to 5YR 5/6); cross

bedded in channels; contains sll1all an10tmt of clay
stone; contact between Recapture Shale and Salt \\ ash 
Sandstone Members is not clear-cut. 

Salt \Vash Sandstone Mell1ber: 
51. Sandstone: Very light gray (N 8) and pinkish-gra:' (5YR 

8/1); channeled; contains small an10unts of siltstone 
and claystone. 

50. Sandston';: Greenish-gray (5GY 6/1 to 5G 6/1) and bl'olrn; 
very fine grained; argillaceous cen1ent; somewhat 18.n1-
ina ted. 

49. Sandstone: White (N 9); very fine grained; highly calcare
ous celnent; contorted laminae at base, laminated at top. 

48. Sandstone: Greenish-gray (5GY 6/1 to 5G 6/1) and gra,-; 
very fine grained; argillaceous cement; son1ewbat lam
inated. 

47. Sandstone: White (N 9); fine-grained; con1posed of suban
gular, clear quartz; very calcareous cen1ent; flat
bedded. 

46. Siltstone: Gray; argillaceous cement. 
45. Sandstone: White (N 9); well-cemented, calcareous; ('0111-

posed of reworked Bluff Sandstone. 
44. Sandstone: GrayiSh-yellow (5Y 8/4); very fine grailwci; 

weakly cemented; purple manganese stains. 
43. Sandstone: Well-cementedJ calcareous; flat-bedded; man

ganese stains. 
42. Sandstone: Well-cemented, calcareous; concretionary. 

Bluff Sandstone: 

Total Salt Wash Sandstone Member 
Total Morrison Formation 

41. Sandstone: Same as unit 40 but lighter in colm' and SOlne-
, what finer grained; crossbedderl. 

40. Sandstone: Moderate-orange-pink (5YR 8/4); medium
grained; composed of well-rounded frosted quartz and 
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U0ICOl'\FOI\I\:IITY: I'uol'l)' exposed; light-bl>own (5YR 6/4) sand
stolle; el'ossbedded, lal'ge-scule crossbeds; truncated by flat
btc'ddl'd l'pddish-bl'oWIl shale. 

.JUK.';SSIC .".NlJ TRIASSIC(?): 
Kavajo S~ndstone (incomplete): 

1. Sandstont'o Light-brown (5YR 6/4); fine-grained; weakly 
~'emel1ted; thin- to thick-bedded; cl'ossbeddeci, large
scalt' C'l'ossbeds; forms a smooth, rounded slope; con
tains sandy limestune stringers. 

37. -Betatakin -------
Tspgi Point, Laguna Canyon, ~ mile east of Betatakin Ruin 

and 15 miles west-southwest of Kayenta 
40-0.8-4.3 . 

IMeasUl'eci by C. A. Repenning and J. R. HowardJ 

.TG R_-\SSIC ,\ND THIASSIC(?): 
:Xavajo Sandstone: 

9. Sandstone: Undescribed. 
CPPER TRHSSIC(?): 

Kayenta Formation: 
. 8. Sandstone: Pall"-reddlsh-brown (lOR 5/.J.); very fine to 

fine-grained; well-sorted; composed of sub rounded to 
subangular, clear quartz; well-cemented; massive; 
unit is a coset; asymmetrical and symmetrical trough 
crossbedding, concave low-angle and small- to medi
um-scale cl'ossbeds; weathers blocky; forms an ir
regular ledge; fluviatile environment; base is sharp 
and irregular. 

7. Covered interval, includes sandstone same as unit 6: 
Pale-red (5R 6/2) to moderate-reddish-ol'ange (lOR 
6/6); fine- to medium-grained; fair-sorted; planar 
and trough crossbedding, small- to medium-scale 
crossbeds; contains claystone lenses. 

Total Kaventa Formation 
Moenave Formation: ' 

Springdale Sandstone Member: 
6. Sandstone: Pale-red (5R 6/2); medium-gl'ained; well

sorted; composed of subangular, clear quartz; mica 
accessory mineral (1 percent); well-cemented; mas
sive; unit is a coset; lenticular, asymmetrical, and 
symmetrical trough crossbedding, concave low-angle 
and small- to medium-scale crossbeds; weathers 
blocky; forms a vertical cliff; contains lenses of clay
stone; fluviatile environment; base is sharp and irregu
lar. 

Dinosaur Canyon Sandstone .l\!lember: 
5. Sandst~ne: Pale-red (5R 6/2); clay to coarse-grained 

sand; poorly sorted; composed of subrounded to suban
gular, clear and stained quartz; comn10n black, red, 
and white accessory minerals; weakly to firmly ce
mented; flat, lenticular, laminated to thin-bedded; len
ticular trough crossbedding, concave low-angle and 
small-scale crossbeds; weathers flaggy; forms an ir
regular and covered slope; contains abundant lenses of 
mudstone, 2 to 3 feet thick; fluviatile environment; base 
is sharp and irregular. 

Total Moenave Formation 

UXCOXFORMITY: Erosional, 3 feet of relief. 
UPPER TRIASSIC: 

\\ ingate Sandstone: 
Lukachukai lVlember: 

4. Sandstone: Grayish-orange (JOYR 7/4) to dark-yellowish
orange (lOYR 6/6); very fine to medium-grained; fail'
sorted; composed of subrounded to subangular, clear 
and frosted quartz; medium-grained sand is composed 
of white and red quartz; well-cemented; massive; unit 
is a coset; tabular planar and asymmetrical wedge 
trough crossbedding, concave high-angle and large
scale crossbeds; weathers rounded; forn1s a rounded 
cliff; contains abundant white (N 9) chert grains along 
bedding planes; eolian environment; base is sharp and 
irregular. 

Rock Point Member: 
3. Sandstone: Model'ate-reddish-orange (lOR 6/6); very 

fine grained, some silt; well-sorted; composed of sub
rounded to subangular, amber and white quartz; firmly 
cemented; flat, lenticular, very thin to thin-bedded; len
ticular and asymn1etrical trough crossbedding, concave 
low-angle and small-scale crossbeds; weathers hackly 
to flaggy; forms an irregulal' slope; contains abundant 
white (N 0) spots; deltaic environment; base is sharp 
and irregulal'. 

2. Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine to coarse-grained; poorly sOl'ted; composed of 
subangulal', clear, stained, alnber, and white quartz; 
black accessory minerals (1 percent); firmly cemented; 
flat, lenticular, very thin to thin-bedded; unit is a co
set; lenticular and asymmetrical trough crossbedding, 
concave low-angle and small- to medium-scale cross
beds; weathers hackly; forms an irregular slope; flu
viatile environment; base is concealed. 

Total Rock Point IVlember 
Total \Vingate Sandstone 

L'nconformity: Mostly covered. 
Chinle FOl'ma hon: 

Owl Hock Membel': 
1. Shale and mad: About 20 feet exposed above bed of 

Laguna Cl'cek. 
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angular white (N 9) chert; flat-bedded, but bedding is 
disturbed; friable; laminar concentrations of coarse 
grains. 

39. Sandstone: Same as unit 38 but weathers grayish red (lOR 
4/2); very calcareous cement. 

38. Sandstone: White (N 9), weathering moderate-or"ange-pink 
(5YR 8/4); fine-grained; composed of well-rounded to 
subangular, clear and frosted quartz; black, red, and 
rare green accessory miner,als; calcareous cement; 
bedding obscured but apparently parallel; contains abun
dant angular white chert; base is a very poorly defined 
parting. 

Total Bluff Sandstone 

Summerville Formation: 
37. Sandstone: Same as unit 36 but not deformed. 
36. Sandstone and siltstone: Grayish-orange-pink (5YR 7/2) 

to pale-brown (5YR 5/2), spotted with white (N 9); very 
fine grained; crinkled, contorted; weathers rounded; 
c.:ontains some highly calcareous layers; blocky joints. 

35. Sandstone: Moderate-reddish-brown (JOR 4/6); well-ce
mented, calcareous; bedding disturbed, more deformed 
in upper half conforming to unit 36; white (N 9) spots in 
discontinuous sinuous bands have "folds" 1 foot high 
and "wave lengths" 8 to 10 feet wide; well-defined 
parting at base. 

Total Summerville Formation 

Entrada Sandstone: 
34. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grained; 

well-cemented, calcareous; I-foot, horizontal, white 
(N 9) band at top. 

33. Sandstone: Dusky-brown (5YR 2/2); Well-cemented. cal
careous. 

32. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; composed of quartz; black accessory minerals; 
bedding obscured; contains rare "Entrada berries"; low
er 10 feet of unit is somewhat darker and contains white 
(N 0) spots. 

31. Sandstone: Dusky-brown (5YR 2/2); well-cemented, cal
careous. 

30. Sandstone: White (N g); very fine grained; well-sorted; 
flat-bedded; friable. 

29. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 
grained; well-cemented, calcareous; thin. wavy, ob
scured, flat-bedded; tends to weather into rounded 
forms, but hoodoos al'e not well developed; contains 
white (N 9) spots, thin bands, and scattered "Entrada 
berries"; 8 feet above base is a prominent parting with 
white (N g) zone above and below it. 

28. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; composed of clear quartz; black accessory 
minerals; well-cemented, calcareous; upper three
fifths of unit is crossbedded and contains laminar con
centrations of coarse grains; lower two-fifths of unit 
is darker and bedding is obscured; distinct parting at 
top scalloped with white (N 9) zone below it; contains 
fl'osted "Entrada berries. ,t 

27. Sandstone: Brownish-orange-pink (5YR 7/4); fine-grained; 
composed of clear quartz; black ace essory minerals; 
calcareous cement; intricately crossbedded, laminar 
concentrations of coarse grains; forms a cliff; dis
tinctly lighter and more yellow than adjacent units and 
also coarser grained; contains "Entrada berries." 

26. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; composed of clear quartz; black accessory 
minerals; well-cen1ented, calcareous; obscured, flat
bedded; contains white (N 9) spots and' 'Entrada ber
ries"; base is irregular and marked by white (N 9) 
bands. 

25. Sandstone: Grayish-orange-pink (5YR 7/2) to light-brown 
(5YR 6/4); very fine grained; composed of clear quartz; 
black accessory minerals; calcareous cement; thin
bedded near bottom, disturbed and obscured in upper 
two-thirds of unit; contains some large, well-rounded, 
frosted quartz. 

Total Entrada Sandstone 

UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 

24. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; well-cemented, calcareous; contains scat
tered larger quartz and chel't grains; caps bench at 
foot of massive Entrada Sandstone cliff. 

23. Siltstone: Pale-reddish-brown (lOR 5/4); sandy; calcar
eous cement; mud-crack fillings are composed of three 
thin sandstone layers. 

22. Siltstone: Pale-reddish-brown (lOR 5/4); shalyand sand)'; 
partly crossbedded; contains white (N 9) spots. 

21. Sandstone: White (N D), modet'ate-reddish-01'ange (lOR 
6/6), and pale-brown (5YR 5/2); very fine grained, a 
few larger grains; well-cemented, calcareous. 

20. Claystone: Pale-reddish-browl1 (lOR 5/4); some silt. 
19. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; ~-foot, white (N 0) layers at top and bottom; 
jointed, cone 1'etionary ollte rop. 

18. Claystone: Pale-reddish-brown (lOR 5/4); contains sand
stone nodules. 

17. Sandstone: Pale-reddish-bl'o\",n (lOR 5/4); very fine 
grained, some larger "berries"; poorly sorted; \\'('11-

C'emellteu, calcareous. 
16. Claystone: Pale-reddish-brown (lOR 5/4); laminated; a 

few qua 1'tz grains. 
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Table ~. --Selectpd titl'atigl'apl1ic sections in the Navajo and Hopi Indian Heservations, r\1'izulla, New Mexico, ano Utall-Cuntinut:d 

UPPER AND MIDDLE JURASSIC-Continued 
Cannel Formation-Continued 

15. Sandstone: Pale-l'eddish-bl'OWI1 (lOR 5/4); very fine 
grained; calcareoLIs C't-'Illent; blocky joints; contains 
white (N H) spots and quartz "Entrada berries." 

14. Claystone: Pale-l'eddish-bl'own (lOR 5/--4); silt and very 
fine gl'aineu sand; biotite accessory mineral; contains 
white (N 9) spots. 

13. Sandstone: \\ hite (N D), weathering brown; well-cemented, 
calcareous. 

12. Siltstone: Pale-reddish-brown (lOR 5/4); 8ha1y; calcar
eous. 

11. Sandstone: Pale-reddish-brown (lOR 5(0; very fine to 
fine-gl'ained; cakUl'l'QllS cement; lenticular crossbed
ding; unit is white (N fl) on fresh surface. 

10. Siltstone: l'ale-reddish-bt'own (lOH 5/{); silt to fine
grained sand; sandy and sbaly; calcareous cement; con
tains white (N 9) spots and concretionary beds. 

9. Sandstone-: Very fine grained; well-cemented, calcareous. 
8. Siltstone: Shaly. 
7. Sandstone: Yellowisil-gl'ay (5Y 8/1) and pale-reddish

brown (lOR 5/4), mottled; very fine grained; poorly 
sorted and tightly packed; composed of clear quartz; 
black accessory minerals; well-cemented, calcareous; 
scattel'ed "betTies," n. 25 nun in diameter. 

6, Siltstone: Pale-reddish-brown (lOR 5/4.); some very fine 
grained sand' weakly cl'mented' laminated' friable' con-
tains white (K 9) spo'ts. ' , , 

5. Sandstone: Gra:-.risil-ol'ange-pink (lOR 8/2)' moderate
reddish-orange- (10H 6/G), and pale-reddish-brown (lOR 
5/4); very fine to fine-gl'ained; poorly sorted; composed 
of well-rounded to subangular, clear quartz; well-ce
mented, calcareous. 

4. Siltstone: Pale-reddish-bl'own (lOR 5/4); sandy; argilla
ceous cement; contains sandstone casts of mud cracks. 

3. Sandstone: A mud-crack l'ast. 
2. Siltstone: Pale-reddish-brown (lOH 5/{); sandy; composed 

of \\ ell-rounded quartz; argillaceous cement; contains 
mud-crack casts composed of fine-grained sandstone 
that is gray and pale reddish brown (lOR 5/4); some 
dark-reddish-brown (lOR 3/{) clay. 

Total Carmel Formation 

Jl:RASSIC A"D TRL:;SSIC(?): 
Xavajo Sandstone (incomplete): 

1. Sandstone: Very pale ot'ange (IOYR 8/2) to moderate
orange-pink (5YR 8;'4), weathering grayish orange pink 
(5YH 7/2) to light brown (5YR 6/{); silt to very fine 
grained sand; large-scale crossbeds; upper surface is 
rolling, with 10 feet of relief; sporadic angular white 
chert pebbles as much as 1 inch in diameter. 

40. -Los Gigantes 

12 miles northeast of Round Rock Trading Post 
35-5.5-8.0 

[Measured by J. \\. Harshbarger, C. A. Repenning, 
and J. H. Irwin] 

JUHASSIC AND THIASSIC(?): 
Navajo Sandstone: 

12. Sandstone: Undescribed; base is sharp and irregular. 
l:PPEH TRIASSIC(?): 

Kayenta Formation: 
Sandy facies: 

11. Sandstone: Pale-red (5R 6/2); very fine to coarse
grained; poorly sorted; composed of subrounded to 
subangular. clear and stained quartz; well-cemented, 
calcareous; flat, gnarly, thin to very thick bedded; 
unit is a coset; weathers rounded; forms an irregu
lar slope; contains abundant gravel stringers; fluvia
tile environment; base is gradational. 

10. Conglomerate: Light-bluish-gray (5B 7/1); splits mas
sive; unit is a set; irregular, thick-bedded; weathers 
rounded; forms a rounded ledge; fluviatile environ
ment; base is sharp and irregular. 

Matrix: Fine- to coarse-grained; poorly sorted; 
composed of rounded to subrounded, clear quartz; 
well-cemented. calcareous. 

Gravel: Limestone and sandstone pebbles. 

Total Kayenta Formation 

UNCONFORMITY: 3 feet of relief on the weathered surface of the 
Wingate Sandstone. 

UPPEH THIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
9. Siltstone: Pale-red (5R 6/2) in tor of unit, grading down

ward into a moderate red (5R 5 4); silt to fine-grained 
sand; fair-sorted; cornposed of subrounded to subangu
lar, clear and stained quartz; well-cemented, calcar
eous; splits massive; structureless, bedding originally 
present is apparently masked by weathering; weathers 
rounded; forms a rounded cliff; contains abundant lime
stone nodules, stringers, and filled cracks; entire unit 
contains cracks that are either filled with limestone or 
bleached; possible fluviatile environment; base is gra
dational. 

8. Sandstone: Very pale orange (IOYR 8/2) to grayish
orange (IOYR 7/4); fine-grained; well-sorted; com
posed of well-rounded to subangulal', clear and amber 
quartz; firmly cemented, calcareous; splits massive 
and flaggy; unit is a coset; very thick bedded; lenticu
lar and symmetrical trough crossbedding, medium- to 
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UPPEH THIASSIC('! i-Continued Feet 
Kayenta Formation-Continued 

4. Sandstone: Gl'ayish-orange (IOYH 7/4); vel'S fint-' graineu; 
composed of quartz; firmly cemented, {'akal'eous; tab
ular cl'ossbedding, small-scale cl'ossbedHj forms an 
ilTegular slope; base is gradational. 17 

Total Kayenta Formation 74 

UPPER THIASSIC: 
Vvingate Sandstone: 

Lukachukai Membel'; 
3. Sandstone: Light-bl'own (5YR 6/4); vel'Y fine grained; 

composed of quartz; firmly cemented, calcal'eous; 
laminated; tabular cl'ossbe(lding, large-scale (:1'058-

beds; forms a rounded and vertical cliff ur domed 
slope; spring zone at base of unit issues [l'om niche; 
base is sharp and irregular. 117 

2. Sandstone: Light-brown (5YH 6/4); very fine grained; 
composed of quartz; firmly cemented, calcareous; 
laminated; large-scale crossbeds; forms a vertical 
cliff or domed slope; contains scattered \vhite (N 9) 
specks; borings aI'e locally abundant; bleached zone 
at base; base is sharp and even. 235 

Tutal Lukachukai Member 352 

Rock Point Member: 
1. Siltstone: Moderate-reddish-browll (lOR 4/6), 15 

42. -Rock Point 

\\ est of Chinle \\ ash, 3 miles northwest of 
Rock Point Tl'ading Post 

36-10.0-0.2 

[Measured by C. A. Hepenning] 

UPPER AND MIDDLE JUHASSIC: 

Carmel Formation: Undescribed. 

UNCONFORMITY: Concealed. 

JUHASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

36. Sandstone: Model'ate-reddish-orange (lOH 6/6); fine
grained; well-sorted; composed of subrounded, clear 
quartz; firmly cemented, calcareous; \\'edge planar 
crossbedding, trough type toward base, high-angle 
and large-scale crossbeds; weathers massive; forms 
a rounded cliff; base is sharp and flat. 61 

35. Limestone: Light-bluish-gt'ay (5B 7/1); finely crystal
line; flat, gnarly, very thin bedded; weathers flaggy; 
forms a ledge; unit is broadly lenticular; base is sharp 
and flat. 

34. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; well-sorted; composed of subrounded, clear 
quartz; firn11y cemented, calcal'eous; laminated; tab
ular planar crossbedding, high-angle and large-scale 
crossbeds; weathers massive; for111s a rounded cliff; 
conspicuous parting plane 117 feet below top of unit. 221 

33. Sandstone: Dal'k-yellowish-orange (10YR 6/6); vel'Y 
fine grained; well-sorted; composed of subrounded, 
clear quartz; firmly cemented, calcareous; laminated; 
trough C'I'ossbedding, Io\\'- to high-angle and large-scale 
crossbeds; weathers massive; forms a rounded cliff 
that projects OVe!' top unit of the Kayenta Formation; 
base is sharp and irregular with about 6 inches of 
relief. 51 

Total Navajo Sandstone 335 
UPPER TRIASSIC(?): 

Kayenta Formation: 
Sandy facies: 

32: Sanrlstone: Very light gray (N 8); fine-grained; well
sorted; composed of subl'ounded to subangular, stained 
quartz' poorly cemented calcareous' structul'eless' 
weathe'rs mas·sive; form~ a vertical ~liff; base is sh'al'p 
and flat. 

31. Mudstone: VPt'Y dusky t'ed (lOR 2/2); flat, gnarly, vet'y 
thin bedded; weathers shaly; forms a cono"'l'ed slope; 
base is sharp and flat. 

30. Sandstone: Medium-bluish-gray (5B 5/ I); very fine 
grained; well-sorted; composed of subangulal', stained 
quartz; well-cemented, siliceous; flat, thin-beddt'cli 
weathel's massive; fOl'ms a ledge; contains ripple 
marks and invel'tebrate tI'ails; base is shal'P and flat. 

2B. Limestone: Vel'Y light gray (N 8); sandy in some parts 
and cherty in othel's; 50 percent of unit is composed of 
quartz; gnarly, thin-bedded; weathers flaggy; fonns a 
ledge; unit is lenticular; base is sharp and il'I'egulal'. 

28. Sandstone: Vel',Y pale orange (lOYR 8/2); \'el'Y fine gnlllH'd; 
well-sorted; composed of suballgular, stained qU<lt'tz; 
poorly cemented, calcareous; flat, vel'Y thin bedded; 
weathel's massive; forms a h'dge; basE' is gradational. 12 

27. Sandstonl~: Pale-l'E'd (lOR 6/2), speckled with pale l't;'c\

dish brown (Ion 5/4); very fine grained; well-l:wrtpd; 
compospd of sUbl'ounded, cleal' '1ual'tz; well-cemenh'd, 
calcareous; trough crossbedding, low-angle and s111a11-
scale cl'ossbeds; weathers massive; forms U l'oulldpd 
cliff; unit commonly contains well-l'ounded boulders 
along its base del'ived from undt'dying \\ingate Sandstont'; 
base is sharp and irregular with 20 feet of relief. 26 

Total Kayenta Formation 54 

(Section continued 5 miles south of Rock Point Trading Post. ) 

UNCONFOHMITY: 1-:rosio11al, 20-foot t'elid. 



high-angle and large-scale crossbeds; weathers 
smooth; forms a rounded cliff; eolian environment; 
base is sharp and irregular. 47 

7. Sandstone: Light-brown (5YR 6/4); very fine to medium
grained; poorly sorted; composed of subrounded to sub
angular, clear and amber quartz; firmly cemented, cal
careous; splits massive; flat, slightly wavy, very thin 
to thin-bedded; weathers rounded; forms a rounded 
ledge; commonly contains coarse, well-rounded, quartz 
grains along the bedding; possible fluviatile or lacus
trine environment; base is sharp and irregular. 

6. Sandstone: Very pale orange (lOYR 8/2) and grayish
orange (lOYR 7,4); fine- to medium-grained; well
sorted; ('omposed of well-rounded to subangular, clear 
and amber quartz; firmly cemented, calcareous; splits 
massive and flaggy; very thick bedded; unit is a coset; 
lenticular and symmetrical trough crossbedding, me
dium- to high-angle and large-scale crossbeds (as much 
as 300 feet lateral extent of individual crossbeds); crOss
beds dip east and southeast; weathers smooth; forms a 
vertical cliff; cross bed surfaces are often marked by 
parallel wind ripples or by slump ridges on foreset 
slope; worm trails common; one exposure contains 
sI11all-vertebrate tracks that traverse dUne slope 
obliquely and cross smaller tracks suggestive of 
large-insect trail; these smaller tracks lie in trough 
between ripple marks; eolian environment; base is 
sharp and irregular. 286 

5. Siltstone: Pale-reddish-brown (lOR 5/4), w.eathering 
moderate reddish orange (lOR 6/6); silt and very fine 
grained sand; well-sorted; composed of clear and 
amber quartz; weakly cemented, calcareous and argil
laceous; splits shaly to crumbly; laminated to very 
thin bedded; weathers hackly; forms a regular slope; 
unit is lenticular and disappears laterally along strike; 
still-water environment; base is sharp and irregular. 16 

4. Sandstone: Moderate-reddish-orange (lOR 6/6), weath
ering moderate orange pink (lOR 7/4); very fine grained; 
well-sorted; composed of subrounded to subangular, 
clear, white, and amber quartz; black accessory min
erals, approximately 2 percent; firmly cemented, cal
careous; splits massive; thin- to thick-bedded; tabular 
and wedge planar crossbedding, very low to medium
angle and small-scale crossbeds; upper part of unit 
contains some lenticular trough crossbedding that dips 
generally to the north; weathers smooth; forms a ver
tical cliff; contains longitudinal ripple marks in some 
horizons; beach or deltaic environment; base is sharp 
and irregular. 62 

3. Sandstone: Same as unit 4; splits massive; very thick 
bedded; lenticular trough crossbedding, low- to me
dium-angle and large-scale crossbeds; crossbeds dip 
generally to the south; weathers smooth; forms a Ver
tical cliff; eolian or beach environment; base is sharp 
and irregular. 31 

2. Sandstone: Same as unit 4; thin- to thick-bedded; tabular 
planar crossbedding~ low- to medium-angle and small
scale crossbeds dipping to the south; trough crossbed
ding in upper part; weathers smooth; forms a vertical 
cliff; beach and deltaic environment; base is sharp and 
flat. 24 

Total Lukachukai Member 479 

Rock Point Member (incomplete): 
1. Sandstone: Pale-reddish-brown (lOR 5/4), weathering 

moderate reddish orange (lOR 6/6); silt and very fine 
grained sand; well-sorted; composed of clear and am
ber quartz; well-cemented, calcareous; splits mas
sive; irregular, flat, very thin to thin-bedded; weath
ers knobby or hackly; forms an irregular cliff; com
monly contains white (N 9) spots and streaks; still
water environment; base is concealed. 

41. -Cathedral Rock 

"Vest side of Chinle Wash, 13 miles northwest of 
Round Rock Trading Post 

36-7.7-7.2 

[Measured by C. A. Repenning] 

J1: RASSIC A);D TRIASSIC ( ?): 
Xavajo Sandstone: 

8. Sandstone: Grayish-orange (lOYR 7/4); very fine grained; 
composed of quartz; weakly cemented, calcareous; flat, 
thin-bedded; tabular crossbedding; forms a covered 
slope; base is sharp and even. 

8. Limestone: Light-gray (N 7); finely crystalline; flat, 
thick-bedded; forms the capping ledge of mesa; base 
is sharp and even. 

7. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 
grained; composed of quartz; weakly cemented, calcar
eous; flat-bedded; tabular crossbedding, small-scale 
crossbeds; forms a covered slope; base is covered. 

Total incomplete Navajo Sandstone 

UPPER TRIASSIC(?): 
Kayenta Formation: 

6. Sandstone: Very light gray (N 8); very fine grained; com
posed of quartz; feldspar accessory mineral, about 1 
percent; weakly cemented, calcareous; flat, thin-bed
ded; tabular crossbedding; forms a ledgy slope; base 
is sharp and even. 

5. Sandstone: Moderate-orange-pink (lOR 7/4); fine-grained; 
75 percent of sandstone is composed of quartz and 25 
percent of feldspar; firmly cemented, siliceous; thick
bedded; tabular crossbedding, small-scale crossbeds; 
forms a ledgy slope; contains rounded sandstone peb
bles and boulders; base is gradational. 

15 

15 

35 

35 

22 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
26. Sandstone: Light-brown (5YR 6/4); very fine grained; 

well-sorted; composed of subrounded, clear quartz; 
firmly cemented, calcareous; trough crossbedding, 
high-angle and large- scale crossbeds; weathers mas
sive; forms a rounded cliff; base is sharp and irregu-
lar, a prominent spring horizon. 117 

25. Sandstone: Similar to unit 26 except that crossbeds are 
somewhat smaller in size but still large; base is sharp 
and flat beneath thin bleached zone. 2:35 

Total Lukachukai Member :352 

(Section continued on the slope of Little Round Rock, 14 miles 
south of Rock Point Trading Post. ) 

Rock Point Member: 
24. Siltstone: Light-brown (5YR 6/4); silt, clay, and very 

fine grained sand; well-sorted; firmly cemented, cal
careous; flat, gnarly, laminated; weathers shaly to 
hackly; forms a niche below vertical cliff of the 
Lukachukai Member; base is gradational. 

23. Silty sandstone: Light-brown (5YR 6/4); silt and very 
fine grained sand; well-sorted; well-cemented, cal
careous; flat, thin-bedded; weathers massive; forms 
a cliff; unit is lenticular; base is sharp and irregular. 18 

22. Silty sandstone: Moderate-reddish-brown (lOR 4/6); silt 
and very fine grained sand; well-sorted; firmly ce
mented, calcareous; flat, laminated; weathers flaggy 
to shaly, tends to weather massive in plac es due to 
cementing variation; forms a series of ledges of either 
flagstone or rounded forms; unit is lenticular; base is 
gradational. 33 

21. Mudstone: Moderate-reddish-brown (lOR 4/6); silt, clay, 
and very fine grained sand; well-sorted; weakly ce
mented, calcareous; flat, laminated; weathers shaly; 
forms a regular slope; unit is lenticular; base is sharp 
and irregular. 

20. Silty sandstone: Same as unit 22; weathers flaggy at base 
and massive at top. 17 

19. Mudstone: Same as unit 21. 13 
18. Silty sandstone: Same as unit 23. 38 
17. Silty sandstone: Same as unit 22. 38 
16. Mudstone: Same as unit 21. 3:3 
15. Silty sandstone: Same as unit 20. 11 
14. Mudstone: Same as unit 21. 11 
13. Silty sandstone: Same as unit 20. 8 
12. Mudstone: Same as unit 21. 13 
11. Silty sandstone: Same as unit 22. 19 
10. Mudstone: Same as unit 21; white (1\ 9) line at top. 11 
9. Silty sandstone: Same as unit 22. 5 
8. Mudstone: Same as unit 21. 10 
7. Silty sandstone: Same as unit 22. 19 
6. Mudstone: Same as unit 21. 10 
5. Silty sandstone: Same as unit 22. 3 
4. Mudstone: Same as unit 21. 13 
3. Silty sandstone: Same as unit 22. 3 
2. Mudstone: Same as unit 21. 6 

Total Rock Point Member :JH 
Total Wingate Sandstone 696 

Arbitrary contact. 
Chinle Formation (incomplete): 

1. Sandy limestone: Ver~ pale green (lOG 8/2) and graJ'ish
orange-pink (5YR 7/2); gnarly, thin-bedded; conglom
eratic at top. 

43. -Tyende Creek 

. Along Dennehotso-Many Farms road, 20 miles west-northwest of 
Round Rock Trading Post 

37-3.0-11. 2 

[Measured by C. A. Repenning and J. H. Irwin] 

UPPER JURASSIC: 
Morrison Formation: 

Salt Wash Sandstone Member: 
15. Sandstone: Undescr:ibed; forms top of mesa; base is 

sharp and even. 
Cow Springs Sandstone: 

14. Sandstone: Yellowish-gray (5,8/1); fine- to medium
grained; well-sorted; composed of subrounded, frosted 
quartz; common feldspar accessory mineral; weakly 
cemented, calcareous; tabular and wedge planar and 
asymmetrical trough crossbedding, high-angle and 
large-scale crossbeds; weathers rounded; forn1s a 
rounded cliff or a rolling slope; contains lenses of 
argillaceous material; eolian environment; bas e is 
sharp and irregular with large symmetrical channels. 

Summerville Formation: 
Sandy facies: 

13. Sandstone: Very pale orange (lOYR 8/2) banded with mod
erate reddish brown (lOR 4/6); very fine to medium
grained; fair-sorted; composed of subrounded to sub
angular, clear quartz; common black accessory miner
als; firmly cemented, calcareous; flat, thin- to thick
bedded; weathers blocky; forms a vertical cliff; base 
is sharp and flat. 

Entrada Sandstone: 
Medial silty member: 

12. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grained; 
well-sorted; composed of sub rounded, clear and amber 
quartz; common black accessory minerals; firmly ce
mented, calcareous; flat, irregular, very thin to thkk
bedded; weathers knobby; forms an irregular cliff or a 
regular slope; contains abundant barite veins neal' bot
tom; includes Some mUdstone beds and a fe\\' beds of 

63.6 

31 

122 



Table 3. --Selected stl'atigraphic sections in the Navajo and Hopi Indian H.psel'vations. !\l'izona, New Mexico, and Utuh-Continu(,ej 

UPPER JURASSIC-Continued 
Entrada Sandstone-Continued 

Medial silty n1P111bel'-Continued 
grayish-brown (5YR 3/2) sandstone, 1 foot thick, 
which fornl blocky ledges; preconsolidation slumpage 
features; still-water envit'onment; base is sharp and 
irregular. 

Lower sandy rl'lember: 
11. Sandstone: Light-brown (5YR 6/ .. ); fine- to medium

grained; fair-sorted; l'olnposed of subt'oundpd to sub
angular, clear and anlber quartz; COlnmon black ac
cessory minerals; firn1ly celllented. calcal'eous; 
Inassive; inclined \vedge crossbedding. high-angle 
and large-scale crossbeds; weathers rounded; forms 
a rolling slope; prinlary slumpage ff'atul'es; pI'obable 
eolian environment; base is sharp and irregular, 

10. Sandstone: Pale-reddish-brown (lOR 5/4); silt to me
dium-grained sand; poorly sorted; composed of sub
rounded to subangular. amber quartz; rat'e black ac
cessory minerals; well-cemented. cah'areous; flat, 
gnarly. massive; weathers knobby; fOI'n1s a ledge; 
probable fluviatile environment; base is gradational 
and irregular. 

Total lower sandy n1embet' 
Total Entrada Sa;"dstone 

UPPER AND MIDDLE JURASSIC: 
Car111el Formation: 

9. Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained; well-sorted; composed of subroundecl to sub
angular clear quartz· rare black acceSSOl'V minerals' 
firn1ly ~en1ented, cal~areous; gnal'ly. thicl~-bedded; , 
weathers block~'; forn1s a ledge; base is sharp and ir
regular and is a channeled surface. 

8. Mudstone: Pale-reddish-brown (lOR 5/ .. ) banded with 
pinkish gray (5YR 8/1); fair-sorted; composed 01' 
clear and amber quartz; weakly cen1ented. calcare
ous; gnarly. laminated to thin-bedded; weathers hack
ly; forms an irregular slope; contains lenses of sand
stone and claystone; channeling occurs throughout unit; 
fluviatile environment; base is sharp and irregular. 

7. Mudstone: Pale-reddish-brown (lOR 5/ .. ); weakly ce
mented, calcareous; forms an irregular slope 01' 

ledge; contains gigantic shrinkage cl'acks that outline 
crude hexagons 8 to 10 feet in size; shrinkage cracks 
are 1 foot wide, 1 to 2 feet deep, and filled with sand
stone same as composition of unit 5; mudstone weath
ers out and leaves the sandstone fillings in the form of 
interlaced walls; entire unit grades laterally into sand
stone; fluviatile environment; base is shal'p and irregu
lar and is a channeled surface. 

6. Mudstone: Pale-reddish-brown (lOR 5/4); clay to very 
fine grained sand; fair-sorted; composed of subrounded 
to subangular. amber quartz; weakly cemented. cal
careous; gnarly, laminated; weathers sn1ooth; forn1s 
a regular slope; fluviatile environment; base is sharp 
and irregular. 

5. Sandstone: Yellowish-gray (5Y 8/1), weatlwring grayish 
orange pink (5YR 7/2); very fine grained; well-sorted; 
composed of subruunded to subangular. clear quartz; 
rare black accessory minerals; firmly cemented. cal
careous; gnarly. thick-bedded; weathers blocky; forms 
a ledge; fluviatile environment; base is sharp and ir
regular and is a channeled surface. 

... Siltstone and claystone: Pale-l'eddish-brown (lOR 5/ .. ); 
weakly cemented, calcareous; flat, laminated; weath
ers smooth; forms a regular slope; fluviatile environ
ment; base is sharp and irregular and is a channeled 
surface. 

3. Sandstone: Light-brownish-orange (5YR 6/6); very fine 
to fine-gl'ained; fair-sorted; composed of subrounded 
to subangular. clear, stained. and amber quartz; rare 
black accessory minerals; weathers rounded; [ol'ms a 
rounded ledge; fluviatile environtnent; base is sharp 
and irregular. 

2. Siltstone and claystone: PinkiSh-fl'ay (5YR 8/1) siltstone 
and pale-reddish-brown (lOR 5 4) claystone; fair
sorted; composed of subrounded to subangulal'. clf'<1I' 
quartz; common red accessory minerals; weakly ce
mented, calcareous; flLlt, irregular, laminated to 
thick-bedded; weathers smooth; formH a regular 
banded slope; highly channeled; unit consists of nlany 
lenses; siltstone lenses become mOl'e sandy in uppel' 
part; fluviatile environment; base is sharp and flat. 

Total Carmel Formation 
,It: HASSIC AND TIUASSIC(?): 

:\avajo :iandstone (incomplete): 
1. Sandstone: Light-brownish-orange (5YR (;/6); medium

grained; well-sorted; composed of rounded to sub
rounded. clea1' quartz; rare black and white accessol',Y 
miner'als; weakly cemented. siliceous; massivp; 
wedge planar crossbedding, high-angle and l[u'ge
Hcale cl'osHbeus; weathers rounded, crossbedding 
planes etched; forms a rolling slope; eolian environ
ment. 

Feet 

81. 4 

64.6 

13. 2 

77.8 
158.2 

3.0 

78 ... 

11. 7 

8.6 

:J.O 

16.8 

7.6 

II. 7 

1H.8 

UPPEH CHETACEOUS-Continued 
Toreva Formation-Continued 

fl. Covered intel'val: Sandstone samp as unit H but vel'y 
weakly cen1enteu; forms a regUlar covered slope; ('on
tains a few silty bedH and a few conglomeratic: and 
firmly cenll~ntecl ledges; to the south this unit becomes 
more firmly c:emented and probably is the white sand
stone just below the top of the meS,lS in tht, Hopi cOUn
try; base is gradational and flat. 

8. Sandstone: Yellowish-gray (5Y 8/l), weathering dal'k 
yellowish orange (lOYR 6/6); fine- to ('oarse-grained; 
fair to poorly sorted; composed of subrounded to sub
angulal', clear and stained quartz; common mica ac
cessory nlinel'al; well-cemented, calcart'ous; flat, 
lenticular, thin- to thick-bedded; unit is a coset; 
tabular planat' and asymmetrical trough crossbedding, 
concave low-angle and small-scale crossb(·ds; weath
ers blocky; forms a vertical cliff; commonly contains 
silty lenses; upper half of unit contains abundant gran
ule stringer's and lenses with common feldspar and a 
few pebbles of white quartz; fluviatile environment; 
base is sharp and gradational. 

Total Toreva Formation 

Mancos Shale: 
7. Covel'ed intel'val: Mostly siltstone similar to unit 4; in

cceasing amount of flat, thin-bedded sandstone towal'd 
top of unit. 

6. Siltstone: Same as unit 4; contains abundant gypsum 
168 feet above base; Prionotropis woolgari between 
123 and 146 fept above base. 

5. Covel'ed interval. 
... Siltstone: Light-gray (N 7) to medium-dark-gl'ac' (C; .. ) 

and some ,Yellowish-gray (5Y 8/1), banded; clay, silt, 
and SOIne very fine grained sand; well-sorted; weakly 
cemented; laminated l flat-bedded; weathers smooth; 
forms a l'egular slope; bottom 10 feet contains abun
dant Gryphaea newbelTyi(?) and Ostrea sp.; Inoceramus 
labiatus common at several horizons; base is grada
tional. 

Total Mane os Shale 

UPPER AND LO\\ER l'HETACEOUS: 
Dakota Sandstone: 

3. Sandstone: Same as unit 1; fil'nlly cemented, calcareous; 
flat, thin- to thick-bedded; thins laterally; unit is a 
coset; trough crossbedding, low-angle crossbeds; con
tains l'ipple laminations; fluviatile pn\Til'Onn1ent; base 
is sharp and il'l'egulal', 

2. Carbonaceous siltstone and cual: Dark-gray (N 3). weath
el'ing mediurn light gt'ay (.t\ 6); ciaYI silt l and very fine 
grained sand; poorly sOI'ted; composed of subangulal'. 
clear quartz' weakly cen1cntE'd' flat laminated \'E'I'Y 

thin bedded; '\veathel's snlooth ~nd' l'~unded; fol'~s a ' 
l'Pgular slope; contains abundant gypsum; more sandy 
at top; carbonized plant l'emil.ins; base is flat and 
gradational. 

1. Sandstol1l': V"1'O' pale orange' (lOYR 8/2), weathel'ing 
very poJ" ol'ange (jUYR 8/2); fine-grained; composed 
of subt'ounded. cleal' and stained quartz; black acces
sory minerals; flat. irregular, thick-beddpd; unit is 
a ('oset; asymmetl'ical tt'ough cl'ossbedding. l'Ollca\'C' 
low-angle and slnall- to Inediun1-scale crossbeds; 
weath<.'l's blOCK\,; f01'111S a vertical clift'; contains abun
dant il'on-rkh ~'oncl'ptions; basE' is shal'p and il'l'l'gU
lal', with III fccl of relief. 

Total Dakota Sandstone 

~5. -Yale Point 

A. -East sicle of Black Mesa at Yale Point, 
1 n mile s nOl'thwest of Chinit' 

54-4.0-12.2 

[MeasUl'('d by M. E. Coole"' and II. G. l'agC'j 

UPPER CRETACEOUS: 
Yale Point Sandstone: 

l:~C. Sandstotw: l,ight-buff; fin{'- to 111l'dium-gl'ained; pUDI'l:', 
SOl'tl'ti; wpll to firmly l'enwntpd; lentkulal'. very thil'k 
bedekd. as much as 20 feet thick; unit is a CUSl:>.t; up
pE'l' 40 fpet has trough c t'ossbedding. high-angh' and 
lllt'dlulll-sl'ah.' l'l'ossbeds; lowel' 25 ft'E't has h?ntit-uial' 
and wpdgt' plana I' l'l'ossuedding, low-angit., and lat'gt'
scalp t'l'ossbl'ds; \\'P3thE'l'S bltwky; feH'llls a vPl'tkal 
clirf; shark's tpdh, pelecypods l and fragments of laq.~p 
pelt't'~'l)()ds lInocl'l'alnus(?)I; fossils .11'1.' t'om'pntl'att'd 
along ('l'osshpdcling planes \\'ithin 10 ft'l,t of basp; top nt' 
unit is top of 111esa; bast' is gradational. 

l:~B. Siltstonl~ and sandstone. altpl'nating: SiltstonE' as l11ul'h 
as 5 fL'l't thil'k altt'rnatps with sandf1tonc ~lS ll1uvh as 
2 1'1:-'t't thick; must siltstone lE'tl8l'H an.' 1 fo01 thick; 
basL' iK gl'adationnl. 

Siltstont': Olivp-buff; silt to VPl'Y fin(' gl'ailwd sand; 
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DISTRICT 10 

44. -Rough Rock 

NOl'the-ast side of Black Mesa, 3 miles west-southwest of 
Rough Rock Trading Post 

54-9.5-7.5 

[Measured by C. A. Repenning and H. G. Page] 

Top of Blal' k Mesa, highest exposure of Cretaceous beds known. 
l:1'1'1';H CHETACEOUS: 

Yall' Point(?) Sandstone: 
Ill. Sandstone: Yellowish-gray (5Y 8/1), weathering grayish 

Ol'ange (lOYR 7/4); medium- to coarse-grained; fair
to \\'ell-sorted; composed of subrounded to suban~lar, 
clear quartzj common feldspar and mica accessory 
mineruls; firmly to very well cemented, calcareous; 
lenticulurly bedded; unit is a coset; asymmetrical and 
s;vmmet2'ical trough crossbedding, concave low-angle 
and smull- to medium-scale crossbedsi weathers 
blocky; fot'lns an irregular cliff; contains shark's 
tedh 31 feet (in place), 129 feet (float), and 151 feet 
(in place and with carbonaceous plant remains) above 
base of unit; one block found near Mancos Shale con
tact apparently originated from this unit and contained 
a shark's tooth as well as abundant marine mollusks, 
although such were not found in place; fluviatile and 
marine f'llvil'onment; base is sharp and flat. 162 

\\ Ppo Formation: 
ltl. Sandstone and siltstone, alternating: Sandstone is same 

as unit 16 and siltstone is same as unit 17; sandstone 
is 1 to -l feet thick; laminatedJ lenticularly bedded; 
weathers smooth; forms a regular covered slope; 
contains plant fragments; base is sharp and irregular. 52 

17. CovPl'ed interval: Medium-light-gray (N 6) shaly siltstone 
with a few sandstone ledges similar to unit 16 and a few 
firmly cementedJ light-gray (N 7) siltstone ledges; 
laminatedJ flat-bedded; weathers fissile; forms a regu
lar slope; carbonaceous siltstone locally common; 
base is concealed. 120 

11;' Sandstone: Very pale orange (lOYR 8/2), weathering 
dark o"ellowish orange (lOYR 6/6) in upper 3 feet and 
very pale orange (lOYR 8/2); medium- to coarse
grained; fair- to well-sorted; composed of stained 
and frosted quartz; rare mica and black accessory 
minerals; firmly cemented, calcareous; lenticulaI'I 
thin- to thick-bedded; unit is a coset; asymmetrical 
trough crossbedding, concave low-angle and small
scale crossbeds; weathers blocky; forms an irregu
lar cliff; commonly contains silty beds and lenses, 
especially towards top of unit; unit becomes conglom
eratic at bottom; fluviatile environment; base is 
concealed. 42 

15. Covered interval: Carbonaceous siltstone with thin 
lignite beds; weathers smooth; forms a regular 
covered slope; contains septarian concretions and 
a few sandstone beds similar to unit 16; plant re
mains common; swamp and fluviatile environment; 
base is gradational and irregular. 104 

Total \Vepo Formation 318 

Toreva Formation: 
14. Sandstone: Yellowish-gray (5Y 8/1), weathering grayish 

yellow (5Y 8/4); medium to very coarse grained; 
poorly sorted; composed of stained quartz; white 
feldspar accessory mineral; well-cemented J calcar
eous; flat, thick to very thick bedded; unit is a coset; 
asymmetrical trough crossbedding l concave low-angle 
and small-scale crossbeds; weathers blocky.; forms 
a vertical cliff; commonly contains silty niches; fucoid 
marks on upper surface; fluviatile environment; base 
is sharp and flat. 56 

13. Mostly covered interval: Carbonaceous siltstone and 
carbonac eOliS sandstone, alternating; flat, laminated 
to thin-bedded; weathers smooth to blocky; forms an 
irregular slope; upper half of unit contains beds of 
fine to very fine grained~ mOderate-yellowish-brown 
(lOYR 5/4) sandstone ranging from 6 inches to 3 feet 
in thickness-thicker toward top-and containing 
casts of small pelecypods; commonly contains lignite 
beds 1 to 6 inches thick; swamp environment. 

Carbonaceous siltstone: 5 to 15 feet thick. 
Carbonaceous sandstone: Brownish-gray (5YR 4/1), 

weathering very light gray (N 8); very fine 
grained; contains many plant remains. 78 

12. Sandstone: White (N 9); fine- to medium-grained; well
sorted; composed of subrounded to subangular, clear 
quartz; white feldspar accessory mineral; well-ce
mented, calcareous; thin- to thick-bedded; unit is a 
coset; asymmetrical trough crossbedding, concave 
low-angle and small-scale crossbeds; weathers 
blocky; forms a vertical cliff; contains flakes of 
carbonaceous material; fluviatile environment; base 
is sharp and irregular. 

11. Carbonaceous siltstone and sandstone: Very light gray 
(N B), weathering very light gray (N 8); silt to fine
grained sand; well-sorted; composed of subrounded 
to subangular, stained quartz; weakly cemented, cal
careous and argillaceous; lenticular, laminated, thin
bedded; weathers smooth; forms a regular slope; 
2-foot bed of lignite at top of unit; commonly contains 
carbonaceous material; swamp environment; base is 
sharp and flat. 19 

10. Sandstone: Same as unit 8; contains lenses of carbona-
ceous shale; base is sharp and irregular, an erosion 
surface. 37 

poorly sorted; lenticulaI'I very thin bedded; weath
ers hackly; forms a partly covered, irregular 
slope. 

Sandstone: Light-buff; very fine to fine-grained; 
poorly Borted; firmly cemented; weathers blocky; 
forms an irregular ledge. 27 

13A. Sandstone: Light-buff; fine- to medium-grained; poorly 
sorted; well to firmly cemented; lenticular, very thick 
bedded, as much as 20 feet thick; unit is a set; lenticu
lar and wedge trough crossbedding l low-angle and large
scale crossbeds; weathers blocky; forms a vertical 
cliff; base is sharp and irregular with as much as 3 feet 
of relief. ll:J 

Total Yale Point Sandstone 21J4 
Wepo Formation: 

12C. Sandstone: Light-buff; very fine to fine-grained; poorly 
sorted; weakly to firmly cemented; flat, lentkular l 

thick to very thick bedded; unit is a coset; lenticular 
and wedge trough crossbedding, low-angle and large
scale crossbeds; weathers blocky; forms an irregular 
ledge and slope; top of unit contains some carbonaceouf:i 
material; base is gradational. ;:W 

12B. Sandy siltstone and carbonaceous siltstone l alternating: 
Sandy siltstone as much as 6 feet thick alternates with 
carbonaceous siltstone as much as 8 feet thick; a few 
lenticular lignite beds in carbonaceous siltstone; base 
is gradational. 

Sandy siltstone: Similar to unit 12A. 
Carbonaceous siltstone: Gray; clay to silt; poorly 

sorted; flatJ thick to very thick bedded, as much 
as 8 feet thick; weathers hackly; forms an irregu-
lar ledge and slope. 102 

12A. Silty sandstone: Light-buff; silt to fine-I(rained sand; 
poorly sorted; weakly cemented; flat, very thick bed
ded~ weathers smooth; forms a regular slope; base is 
gradational. 32 

11. Sandstone: Light-buff; fine- to medium-grained; poorly 
sorted; firmly cemented; lenticular, thin to very thick 
bedded, as much as 4 feet thick; unit is a set; lenticu
lar and wedge trough crossbedding, low-angle and me
dium- to large-scale crossbeds; weathers blocky; 
forms an irregular ledge; unit contains lenticular, 
I-foot-thick beds of carbonaceous siltstone; sandstone 
contains siltstone fragments as much as 1 foot in diam
eter, limonite concretions, and petrified logs replaced 
by limonite; base is gradational. 86 

10C. Silty sandstone and lignite, alternating: Silty sandstone 
less than 4 feet thick alternates with lignite less than 
2 feet thick; base is gradational. 

Silty sandstone: Same as unit lOA. 
Lignite: Dark-gray (N 3) to black (N 1); clay to silt; 

poorly sorted; weakly cemented; flat, thick-bedded; 
weathers hackly; forms an irregular slope. 27 

lOB. Sandstone: Buff; very fine to medium-grained; poorly 
sorted; black accessory minerals; firmly cemented; 
flat. thick-bedded; weathers blocky; forms an irregu
lar ledge; base is gradational. 

IDA. Silty sandstone: Light-buff; silt to fine-grained sand; 
poorly sorted; weakly cemented; flat, irregular, very 
thin to thin-bedded; weathers hackly; forms an irregu
lar slope; a 3-foot lignite bed is at top of unit; base is 
gradational. 2~ 

Total Wepo Formation 304 

Toreva Formation: 
9. Sandstone: Buff; very fine to fine-grained; fair-sorted; 

well to firmly cemented; flat, lenticular, ver;\' thick 
bedded, as much as 20 feet thick; unit is a set; lenticu
lar and wedge crossbedding, low-angle and large-scalf' 
crossbeds; weathers blocky; forms a vertical cliff; 
concentrated along crossbedding planes are fragnlents 
of large pelecypods [Inoceramus(? )]; most fossils are 
in basal 25 feet of unit; one 3-inch-long quartz pebble 
found; parallel ripple marks, measuring about 14 inches 
from crest to crest, are present 15 feet from base; 
base is gradational. 70 

8. Sandy siltstone and sandstone, a1tei~nating: Sandy silt
stone as much as 8 feet thick alternates with sandstone 
ledges less than 2 feet thick; contains small pelecypods, 
Inoceramus, and an ammonite; base is gradational. 

Sandy SIltstone: Buff; silt to fine-grained sand; poor
ly sorted; weakly cemented; flat~ lenticular, very 
thin bedded; weathers hackly; forms a partly cov
ered, irregular slope. 

Sandstone: Light-buff; very fine to fine-grained; 
fair-sorted; well to firmly cemented; flat l very 
thin to thin-bedded; unit is a set; lenticular and 
wedge planar crossbedding, low-angle and medium
scale crossbeds; weathers pitted and hackly; forms 
an irregular ledge. 35 

7D .. Sandstone: Light-buff; fine- to coarse-grained~ po Ol'l;'l' 
sorted; composed of subrounded to angular grains; well 
to firmly cemented; lenticular, very thick bedded, as 
much as 6 feet thick; unit is a set; lenticular and wedge 
trough crossbedding, low-angle and medium- to lal'gt'
scale crossbeds; weathers blocky; forms an irregular 
ledge; some clear quartz sand; base is gradational. 8 

7C. Siltstone: Same as unit 7 A. 31 
7B. Sandstone: Light-buff; very fine to fine-grained; fail'-

sorted; well to firmly cemented; flat, irregular, 
gnarly, thin- to thick-bedded; some pseudoC'rossbed-
ding or low-angle and small-scale crossbeds; weath-
ers hackly; forms an irregular ledge; contains a few 
pebbles less than 1~ inches in diameter; base is 
gradational. 

7A. Limy siltstone: Clay to silt; poorly sorted; weakly 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER CRETACEOUS-Continued Feet 
Tareva Formation-Continued 

cemented, calcareous; flat, very thin bedded; weath
ers hacldy; forms an irregular slope; base is grada
tional. 

6E. Sandstone: Buff; very fine to very coarse grained; 
poorly sorted; composed of subrounded to subangular, 
clear quartz; well to firmly cemented; lenticular, very 
thick bedded; unit is a set; lenticular and wedge trough 
crossbedding, low- to high-angle and medium-scale 
crossbeds; weathers blocky and knobby; upper half of 
unit is flat bedded containing thin beds of siltstone 2 to 
6 feet apart; contains a few quartz pebbles as much as 
half an inch in dianleter and small lenses of fine con
glomerate; crossbedding is not well defined; 6 feet 
above base is a 4-foot bed of lignite and brown silt-
stone; base is gradational. 81 

6A. Sandstone: Light-buff; very fine to fine-grained; fair 
to poorly sorted; well to firmly cemented; flat. lenticu-I 
lar. thick to very thick bedded. as much as 10 feet 
thick; unit is a coset; lenticular. wedge, and tabular 
planar and trough crossbedding, convex low-angle and 
small- to large-scale crossbeds; weathers blocky; 
forms a vertical and irregular cliff; contains some 
lenticular siltstone beds less than 2 feet thick near 
base; base is gradational. 86 

Total Toreva Formation 325 

Mancos Shale: 
5G. Sandy siltstone and silty sandstone, alternating: Light

olive-buff; silt to fine-grained sand; poorly sorted; 
weakly to firmly cemented; flat, thin to very thick 
bedded; weathers blocky and hackly; forms an irregu
lar slope; unit becomes more sandy toward top; silt
stone less than 4 feet thick alternates with sandstone 
as much as 6 feet thick; some of the sandstone beds 
form ledges that are trough crossbedded with small
scale crossbeds; contains septaria covered with gyp-
sum; base is gradational. 198 

of. Mudstone: Dark-greenish-gray (5GY 4/1); clay and 
silt; fair to poorly sorted; weakly cemented, calcar
eous; flat, very thick bedded; weathers hackly; forms 
a rolling slope; a limy sandstone bed, 6 inches thick, 
is 15 feet above base; unit contains a few thin bentonite 
beds; contains nodular, cone-in-cone structures; base 
is gradational. 94 

oE. Limy mudstone: Light-buff to light-bluish-gray (5B 7/1); 
clay and silt; fair-sorted; weakly cemented, calcare
ous; flat, very thin bedded; weathers hackly; forms 
an irregular and rolling slope; a few 1-inch-thick 
bentonite beds that contain selenite crystals; more 
thick bedded in upper third of unit; 1-foot-thick lime
stone bed with cone-in-cone structure at top of unit; 
base is gradational. , 184 

51). Siltstone and bentonite, alternating: Siltstone is simi
lar to that in unit 5A; weakly cemented; flat, thin to 
very thick bedded; weathers hackly; forms an irregu
lar slope; siltstone as much as 6 feet thick alternates 
with bentonite less than ~ foot thick; spring on top of 
last bentonite layer has a discharge of about 0.5 gph 
(gallons per hour); base is gradational. 27 

5C. Mudstone and siltstone: Same as 5A. 54 
5B. Siltstone and silty limestone, alternating: Siltstone 

beds less than 2 feet thick alternate with silty lime-
stone beds less than 1 foot thick; fossil oysters and 
rragments of pelecypods; base is gradational. 

Siltstone: Same as that in unit 5A. 
Silty limestone: Light-gray (N 7); clay to silt; 

poorly sorted; weakly cemented, calcareous; 
flat, thin- to thick-bedded; weathers hackly; 
forms an irregular ledge and slope. 16 

5A. Mudstone and siltstone: Light-bluish-gray (5B 7/1); 
clay to silt; fair to poorly sorted; weakly cemented, 
calcareous; flat, very thick bedded; weathers hackly; 
forms a rolling slope; contains gypsum and limonite 
nodules; partly iron-stained bentonite beds less than 
6 inches thick are scattered throughout unit; a few 
calcite nodules and selenite crystals; Gryphaea 
newberryi at 55 feet and Gryphaea present in a 4-foot 
zone at base of unit; base is gradational. 62 

Total Mancos Shale 635 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

4. Sandstone: Buff; very fine to fine-grained; poorly 
sorted: well-cemented; lenticular, very thick bed
ded, as much as 6 feet thick; unit is a set; lenticu
lar and wedge trough crossbedding, low- to high
angle and medium-scale crossbedsj weathers blocky; 
forms an irregular cliff; units 4 and 2 coalesce 200 
yards northwest of section; base is sharp. 22 

3C. Mudstone: Grayish-olive-green (5GY 3/2); clay and 
silt; poorly sorted; weakly cemented; very thick bed
ded; weathers hackly; forms an irregular slope; con
tains selenite crystals and secondary gypsum veins; 
base is gradational. 

3B. Carbonaceous siltstone: Clay and silt; poorly sorted; 
weakly cemented; flat, very thin bedded; weathers 
hackly; forms an irregular ledge and slope; a 4-foot
thick lignite bed forms a ledge at top of unit; base is 
gradational. 11 

3A. Siltstone: Olive-gray (5Y 4/1); clay to silt; fair-sorted; 
weakly cemented; flat, very thin to thin-bedded; weath
ers smooth; forms a rolling and partly covered slope; 
contains selenite t!rystals; base is gradational. 

UPPER JURASSIC-Continued Feet 
Morrison Formation-Continued 

Westwater Canyon Member~Continued 
brown' (lOYR 6/'2); contains a few zones of gravel; base 
chosen arbitrarily at base of cliff. 130 

Total Westwater Canyon Member ~96 

Recapture Shale Member: 
lB. Sandstone and sandy shale: Very light gra,Y (N 8), pale

green (lOG 6/2), and grayish-red (5R 4/2 to lOR 4/2); 
fine-grained; composed of quartz; very weakly ce
rnented. calcareous; partly crossbedded. small-scale 
crossbeds; weathers into badlands and demoiselles 
capped by very thin beds of dusky-green (5G 3/2) re
sistant sandstone; forms a slope; contains grayish-
red (5R 4/2 to lOR 4/2) shaly zones. 117 

17. Sandstone: Pale-greenish-yellow (lOY 8/2) to moderate
greenish-yellow (lOY 7/4); fine-grained; firmly ce
mented. calcareous; large-scale cross beds; weathers 
into an assortment of rounded shapes and pitted sur
faces; forms a cliff and rounded slope; contains gray
ish-brown (5YR 3/2) sandstone concretions, ovoid to 
spherical in shape and ranging from 1 to 20 feet in 
size; larger concretions are generally flat or lenticu
lar; concretions occur 106 feet above base and form 
the caprock on demoiselles. 151 

16. Sandstone: Pale-greenish-yellow (lOY 8/2); silt and 
fine-grained sand; weakly cemented, calcareous; 
weathers into hoodoos; lenses of brown sandstone 
cap many of the hoodoos; forms a slope; contains 
grayish-brown (5YR 3/2) lenses of shale. 22 

15. Shale: Very dusky t'ed (lOR 2/2); weathers into badlands; 
contains sandy zones and some gray limestone; com
monly contains concretions ranging from t to 2 inches 
in diameter. 39 

Total Recapture Shale Member 329 
Total Morrison Formation 725 

Cow Springs Sandstone: 
14. Sandstone: Moderate-yellow (5Y 7/6); fine-grained; com

posed of rounded quartz; firmly cemented. calcareous; 
medium-scale crossbeds; weathers into rounded domes 
showing etched crossbedding features. 33 

13. Sandstone: Moderate-yellow (5Y 7/6) to moderate-yellow
ish-green (lOGY 6/4); same as unit 14 except flat bed-
ded; silty in lower part; weathers into a slope. 56 

12. Shale and sandstone: Dusky-red (5R 3/-4) shale and mod
erate- red (5R 5/4) sandstone; fine- grained; firmly c e
mented, calcareous; flat-bedded; sandstone has sili
ceous concretions and calcite crystals that weather into 
knobs on the surface. 17 

Unconformity: Erosional, 3 feet of relief; forms base of spring 
zone; springs are highly gypsiferous. 

Cow Springs Sandstone continued: 
11. Sandstone: Same as unit 13 but more firmly cemented 

and containing larger scale crossbeds; f~rms a cliff; 
contains vertical joints; base is gradational and was 
arbitrarily selected. 8-1 

Total Cow Springs Sandstone 190 

Summerville Formation: 
Sandy facies: 

10. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; large-scale crossbeds; base is gradational 
and arbitrary, contact chosen at point where there 
are no large-scale crossbeds. 17 

9. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; flat, thin-bedded; partly crossbedded. small
scale crossbeds; forms a massive cliff below the Cow 
Spl'ings Sandstone; contains white (N 9) spots and 
streaks; vertical jointing. 56 

Total Summerville Formation 73 

Entrada Sandstone: 
Medial silty member: 

8. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; flat-bedded; weathers into hoodoos; forms 
a cliff and covered slope; rocks along shaly zon('s and 
joints weather into manlmillary shapes; contains white 
(N 9) spots and streaks. 56 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

7. Sandstone: Yellowish-gray (5Y 8/1); fine-grained; poorl:' 
cemented; forms a slope; contains red streaks. 

6. Sandstone: Dark-yellowish-orange (10YR 6/6); finl'-
grained; large-scale crossbeds. 10 

5. Shale: Dark-reddish-brown (lOR 3/4); forms 3 covel'ed 
slope; contains friable sandstone beds 1 to 2 feet thick; 
gradations of shaly and sandy phases; dark-reddish-
brown (lOR 3/4) sandstone 1 foot thick at base of unit. 3:1 

4. Sandstone: Very pale orange (lOYR 8/2); fine-grained; 
composed of sUbrounded, clear and stained quartz; 
firmly cemented, calcareous; wavy, flat-bedded; f01'111s 
a poorly devE'loped ledge; contains oscillation ripple 
marks that were deposited on horizontal bedding planes; 
large-scalf' shrinkage cracks fornl rough hexagonal pat
terns 6 to 10 feet across; cracks are filled with sand
stone and are similar to shrinkage cracks exposed in 
Carmel Formation 50 miles to the north. 

3. Shale: Dark-reddish-brown (lOR 3/4), weathering mod
erate reddish brown (lOR 4/6); fornls a poorly exposed 
slope; contains a 2-foot-thick bed of fine-grained, pale-
greenish-yellow (lOY 8/2) silty sandstone. 11 

2. Shale: Forms a partly covered ledge and slopt'; contains 
lenses of flat-bedded sandstone. 22 



2. Sandstone: Buff; very fine to fine-grained; poorly 
sorted; firmly cemented; lenticular, thick to very 
thick bedded, as much as 10 feet thick; unit is a 
SE't; lE'nticular trough crossbedding, concave and 
convex low- to high-angle and medium-scale cross
beds; some pseudocrossbedding; weathers blocky; 
forms an irregular cliff; contains iron-stained streaks 
and a few fragments of iron-stained wood and plants; 
base is sharp and irregular. 

Total Dakota Sandstone 

UNCONFORMITY: Topmost 2 or 3 feet of Westwater Canyon 
Ml'1l1bel' is leached; some deposition of alkali at contact of 
Dakota Sandstone and Morrison Formation; channels at base 
nf Dakota Sandstone contain sandstone boulders as much as 
1 foot long derived from the Westwater Canyon Member and 
It'ntil'ular clay pellets as much as 1 inch long which are ori
t'Iltt'd with the crossbedding; some pebbles less than 1 inch 
in diameter are l'onlposed of quartz, chert, and quartzite; 
l'hallneh~d surface, as much as 15 feet of relief. 

l' l>Pl'~R .JURASSIC: 
Morrison Formation: 

\\ t'stwater Canyon Member: 
1. Sandstone: Pinkish-gray (5YR 8/1); lenticular, flat, 

thin to very thick bedded; lenticular and wedge trough 
crossbedding, low-angle and medium-scale crossbeds; 
weathers blocky and knobby; forms a vertical cliff; 
contains a few boulders as much as 3 feet in diameter. 

B. -East side of Black Mesa at Yale Point, 
16 miles northWest of Chinle 

54-1. 5-14.2 

[Measured by C. A. Repenning] 

c"PPER CRETACEOUS: 

Mancos Shale: 
2;). Shale: Medium-gray (N 5) to dark-gray (N 3), sandy 

part is light olive gray (5Y 6/1); weathers into badland 
topography; septarian concretions with calcite-filled 
cracks; contains well-preserved Prionotropis woolgari l 

contact is gradational and arbitrarily chosen, afl'()jJOf 
unit 28. 

CPPER A:)1D LO\\'ER CRETACEOUS: 
Dakota Sandstone: 

28. Sandstone: Yellowish-gray (5Y 7/2); fine-grained, clayey 
in lower part; firmly cemented, calcareous; small
scale crossbeds in middle of unit; weathers into a 
smooth surface; forms a ledge; commonly contains 
cone entrations of iron concretions that weather rusty; 
joints filled with gypsum crystals. 

27. Coal: Dark-gray (N 3), grayish-black (N 2), and black 
(N 1); clayey; flat-bedded; forms a slope and recess; 
unit thins and thickens along outcrop, in places forming 
all the Dakota Sandstone; coptains a few casts of 
branches; much sulfur and gypsum deposited in jOints. 

26. Sandstone: Very light gray (N 8), weathering light brown 
(5YR 6/4 to 5YR 5/6); fine-grained; firmly cemented, 
calcareous; very thin bedded; weathers into a pitted 
surface; forms a cap on cliffs; upper 2 feet is dark 
gray (N 3) and very carbonaceous. 

Total Dakota Sandstone 
C,COXFORMITY: Erosional, 40 feet of relief; gravel at 

base of Dakota Sandstone is composed of subrounded quartz 
pebbles, less than 1 inch in diameter. 

T;PPER JURASSIC: 
Morrison Formation: 

\\ eshvater Canyon Member: 
25. Sandy shale: Grayish-green (lOGY 5/2 to 5G 5/2); 

weathers into a slope; unit is not present everywhere 
because it has been partly removed by pre-Dakota 
Sandstone erosion. 

H. Sandstone: Very pale orange (IOYR 8/2); medium
grained; weakly cemented, calcareous; weathers 
into rounded domes; forms a slope below unit 25 or 
forms a cliff below the Dakota Sandstone; contains 
some lenses of coarse-grained sandstone; grades 
laterally into units 23 and 25. 

23. Shale and sandstone: Very pale orange (IOYR 8/2), 
pale-yellowish-orange (lOYR 8/6), moderate-orange
pink (5YR 8/4 to lOR 7/4), pale-olive (IOY 6/2), and 
dark-yellowish-orange (IOYR 6/6); clay to fine
grained sand; composed of subrounded quartz; weak
ly cemented, calcareous; mostly flat-bedded; some 
small-scale crossbeds; forms a slope and badlands; 
a !-foot, well-cemented, ledge-forming sandstone 
occurs near base and is composed of pea-size balls 
cemented with lime; contains iron stains; lenses are 
separated by interformational erosion surfaces ranging 
from 1 to 6 feet apart; green parts are more shaly. 

22. Sandstone: Pale-yellowish-orange (IOYR 8/6); medium
grained; weakly cemented, calcareous; small-scale 
crossbeds; weathers into rounded knobs; forms a 
ledge. 

21. Shale and sandstone: Same as unit 23. 
20. Sandstone: Light-olive-gray (5Y 5/2); medium- to 

coarse-grained; weakly cemented, calcareous; weath
ers into knobs; forms a slope. 

18. Sandstone: Pale-green (IOG 6/2), grayish-j5reen (5G 5/2 
to lOGY 5/2), and moderate-green (5G 5/6), weather
ing paler green; medium-grained; firmly cemented, 
calcareous; flat-bedded, partly massive; small-scale 
crossbeds; weathers into a pitted surface in uppermost 
10 feet and weathers rough in rest of unit; forms a 
cliff; contains lenses less than 2 feet thick of very 
dusky red (lOR 2/2) shale; because of staining from 
the shale lenses, overall color of cliff is pale yellowish 
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Total Carmel Formation 84 
UNCONFORMITY: Probably erosional; basal units of the Carmel 

Formation contain sandstone reworked from the Navajo 
Sandstone; contact mostly covered but can be located within 
a 5-foot interval by distinct lithologic differences between the 
Carmel Formation and Navajo Sandstone. 

JURASSIC AND TRIASSIC(?): 
Navajo Sandstone: 

1. Sandstone: Undescribed. 

46. -Lohali Point 

A. -2 miles north of Lohali Point, 16 miles west of Chinh: 
72-4.9-6.0 

[Measured by M. E. Cooley and H. G. PageJ 

Top of Black Mesa 

UPPER CRETACEOUS: 
Toreva Formation: 

8. Arkosic sandstone: Medium to very coarse grained; 
poorly sorted; composed of subangular quartz anu 
feldspar; well to firmly cemented; irregular, lentku
lar, thick to very thick bedded, as much as 8 feet thick; 
unit is a set; wedge trough crossbedding, low- to high
angle and srnall- to medium-scale crossbeds; weathers 
rounded and blocky; forms an irregular ledge; contains 
lenses of siltstone less than! foot thick; lenses of con
glomerate contain pebbles less than ~ inch in diameter; 
limonite concretions; a few limestone pebbles less than 
1 inch in diameter at top of unit; base is gradational. 15 

7G. Carbonaceous siltstone: Same as unit 7 A. . 2 
7F. Conglomeratic sandstone: Buff; lenticular, very thick 

bedded, as much as 6 feet thick; unit is a set; lenticu-
lar crossbedding, low- to high-angle and small- to me
dium-scale crossbeds; weathers blocky; forms an ir-
regular ledge; base is sharp. 

Matrix: Fine to very coarse grained; poorly sorted; 
subangular grains. 

Pebbles: Less than three-eighths of an inch in diam-
eter; composed of subangular, clear quartz. 10 

7E. Carbonaceous siltstone: Same as unit 7 A. 2 
7D. Sandstone: Buff; very fine to medium-grained; poorly 

sorted; well-cemented; flat, lenticular. very thin to 
thick-bedded; weathers blocky; forms an irregular 
ledge; base is gradational. 8 

7C. Carbonaceous siltstone: Same as unit 7 A. 2 
7B. Conglomerate: Buff; lenticular, very thick bedded, as 

much as 6 feet thick; unit is a set; lenticular trough 
crossbedding, low-angle and small- to medium-scale 
crossbeds; weathers blocky; forms a vertical cliff; 
base is sharp. 

Matrix: Medium to very coarse grained; poorly 
sorted. 

Pebbles: Less than a quarter of an inch in diameter; 
composed of subrounded to subangular quartz. 15 

7A. Carbonaceous siltstone: Gray; clay to silt; poorly 
sorted; weakly cemented; flat-bedded; weathers hac k-
ly; forms an irregular slope; base is gradational. 

6C. Sandstone: Light-buff; very fine to medium-grained; 
poorly sorted; well to firmly cemented; lenticular, 
gnarly, thin- to thick-bedded; unit is a cO,set; planar 
and trough crossbedding, low-angle and medium-scale 
crossbeds; weathers blocky; forms an irregular ledge; 
base is gradational. 13 

6B. Lignite: Dark-gray (N 3); clay to silt; poorly sorted; 
weakly cemented; flat, very thin to thin-bedded; weath
ers hackly; forms an irregular slope; base is grada
tional. 

6A. Sandstone: Light-buff; fine- to medium-grained; fair
to well-sorted; well-cemented; flat, lenticular, thin to 
very thick bedded, as much as 10 feet thick; unit is a 
set; lenticular and wedge planar crossbedding, lo\\'
angle and large-scale crossbeds; weathers blocky; 
forms a vertical cliff; parallel ripple marks; base is 
gradational. 68 

Total Toreva Formation l-U 

Mancos Shale: 
5J. Silty sandstone, sandy siltstone, and siltstone, alter

nating: Silty sandstone less than 1 foot thick alternates 
with sandy siltstone less than 8 inches thick and with 
siltstone less than 2 inches thick; some carbonaceous 
material in siltstone in upper third of unit; base is 
gradational. 

Silty sandstone: Silt to very fine grained sand; poorly 
sorted; firmly cemented; flat, irregular, lenticu
lar, thin- to thick-bedded; unit is a set; lenticular 
and wedge crossbedding, low-angle and small- to 
medium-scale crossbeds; weathers blocky; forms 
an irregular ledge. 

Sandy siltstone: Buff; silt to very fine grained sand; 
poorly sorted; weakly cemented; flat, lenticular, 
thin- to thick-bedded; weathers hackly; forms an 
irregular slope. 

Siltstone: Dark-greenish-gray (5G 4/1); bedding 
features same as sandy siltstone. :~~ 

51. Mudstone: Dark-greenish-gray (5G 4/1); clay to silt; 
poorly sorted; weakly cemented; flat, irregulal', len
ticular, very thin to thin-bedded; weathers hackly; 
forms an irregular and a partly covered slope; con
tains a few thin bentonite beds, some cone-in-cone 
structures, and selenite crystals; contains septaria 
composed chiefly of calcite and aragonite; base is 
gradational. ao~ 

5H. Limy claystone and some mudstone: Dark-greenish-
gray (5G 4/1) to dark-bluish-gray (5B 4/1); clay to 
silt; fair to poorly sorted; weakly cemented, ca1cal'pous; 
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Table 3. - -Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER CRETACEOUS-Continued 
Mancos Shale-Continued 

flat, irregular, gnarly, very thin to thin-bedded; weath
ers hackly; forms a rolling slope; some olive-green 
layers; rains cause small mudflows to form in streanl 
channels; limonite concretions and gypsum incrusta
tions; ammonite fossils at about 110 feet above base; 
a few thin bentonite beds; base is fractational. 

5G. Siltstone: Light-bluish-gray (5B 7 1); clay to silt; 
poorly sorted; weakly cemented; flat, thin- to thick
bedded; weathers hackly; forms an irregular slope; 
contains selenite crystals; top half of unit contains 
thin bentonite beds 4 feet apart; base is fractational. 

5F. Silty limestone: Light-bluish-gray (5B 7 1); clay to 
silt; poorly sorted; weakly to firmly cemented, cal
careous; flat, thin- to thick-bedded; weathers blocky 
and hackly; forn1s an irregular ledge and slope; con
tains fossil oysters and fragments of pelecypods; base 
is gradational. 

5E. Siltstone and bentonite, alternating: Siltstone same as 
unit 5D and as much as 10 feet thick alternates with 
bentonite less than 1 foot thick; siltstone is usually 
2 to 3 feet thick and bentonite is usually 3 to 6 inches 
thick; 5-foot zone of limestone contains fossil oysters; 
base is gradational. 

5D. Siltstone: Light-bluish-gray (5B 7/1); silt; fair-sorted; 
weakly cemented; flat, very thin bedded; weathers 
hackly; forms a rolling slope; base is gradational. 

5C. Siltstone: Light-bluish-gray (5B 7/1); clay to silt; 
poorly sorted; weakly cemented; flat, thin- to thick
bedded; weathers hackly; forms a rolling slope; con
tains Gryphaea newberryi, baculites, small pelecy
pods, gastropods, and cephalopods; some fossils are 
preserved in a 2-inch bed of limestone; base is grada
tional. 

SB. Bentonite: Fair-sorted; weakly cemented; flat, thick
bedded; weathers fluffy; forms a rolling slope; base 
is gradational. 

5A. Siltstone: Light-bluish-gray (5B 7/1); clay to silt; 
poorly sorted; weakly cemented; flat, thin to very 
thick bedded; weathers hackly; forms a rolling slope; 
contains a few thin beds of bentonite; fossil Gryphaea; 
base is gradational. 

Total Mancos Shale 

UPPER AND LOIAER CRETACEOUS: 
Dakota Sand stolle: 

..fe. Sand )ne and lignite, alternating: Sandstone is buff, 
fi to medium-grained, and poorly sorted; well to 
f 1\~ly cemented; lenticular, thick-bedded; unit is a 

I.; lenticular and wedge trough crossbedding, low- to 
.. gh-angle and large-scale crossbeds; weathers blocky; 
orms a vertical and irregular cliff; unit 200 yards 

away is 25 feet thick and contains no coal. 
Unit consists, in descending order, of: 

Sandstone. 7 
Lignite. 2 
Sandstone. 8 

Carbonaceous s:'lbnrme and lignite, alternating: Base is 
gradational. 

Carbonaceouo "illstone: Medium-bluish-gray (5B 5/1) 
to black (N 1 I; clay to very fine grained sand; poor
ly sorted; weakly cemented; flat, thin- to thick
bedded; weathers hackly; forms an irregular slope. 

Lignite: Black (N 1); clay to silt; fair-sorted; weakly 
cemented; flat, very thin bedded; weathers hackly; 
forms an irregular ledge. 

Unit consists, in descending order, of: 
Lignite. 3 
Carbonaceous siltstone. 2 
Lignite. 2 
Carbonac eous siltstone. 5 
Sandstone: Same as unit 2. 1 
Carbonaceous siltstone. 10 
Lignite. 2 
Car'bonaceous siltstone. 6 

2. Sandstone: Buff; very fine to medium-grained; poorly 
sorted; well to firmly cemented; lenticular, thin- to 
thick-bedded; unit is a set; lenticular trough crossbed
ding, low- to high-angle and medium-scale crossbeds; 
weathers blocky and hackly; forms an irregular ledge; 
contains carbonized wood and plant fragments; base is 
sharp and irregular. 

Total Dakota Sandstone 

;NCONFORMITY: Erosional, with channeling as much as 2U feet. 
;PPER JURASSIC: 

Morrison Formation: 
Westwater Canyon Member: , 

1. Sandstone: Grayish-orange-pink (lOR 8/2); fine- to me
dium-grained; poorly sorted; firmly cemented; lenticu
lar, thick to very thick bedded; low- to high-angle 
c:rossbeds; weathers blocky; forms an irregular ledge. 

B. -4 miles northeast of Lohali PointJ 15 miles west of Chinle 
72-3.4-8.0 

[Units 1 to 16 measured by H. L. Jackson and V. L. l<~reemanJ 
and unit:,; 17 to 45 measured by J. W. Harshbarger and 

L. C. Craig] 

UPPER CR]<;TACEOUS: 

Mancos Shale: 
45. Claystone: Gray; top of section, not top of exposure. 

Feet 
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UPPER JURASSIC-Continued 
Morrison Formation-Continued 

Recapture Shale Member continued: 
34. Sandstone: Yellowish-gray (5Y 8/1) to grayish-yellow 

(5Y 8j4); fine- to medium-grained; fair-sorted; com
posed of rounded to subrounded, clear quartz; common 
black accessory minerals; weakly to firmly cemented, 
calcareous; bedding same as unit 17; upper 2 feet of 
unit is composed of very fine grained, pale-green (5G 
7/2 to lOG 6/2) sandstone, the grains of which are 
masked by a clay matrix or by the cement; eolian en
vironment; 1-foot-thick layer of claystone at base. 

Tongue of Cow Springs Sandstone: 
33. Sandstone: Pinkish-gray (5YR 8/1) to yellowish-gray 

(5Y a/I) in lower part and yellowish-gray (5YR 7/2) 
in upper part; fine- to medium-grained; fair-sorted; 
composed chiefly of clear quartz with minor amount of 
frosted quartz; common black and rare green and or
ange accessory minerals; weakly to firmly'cemented, 
calcareous; .wedge trough crossbedding, medium- to 
large-scale cross beds; forms a steep slope or fluted 
cliff; contains a few parallel bedding planes that are 
nearly flat; unit has several resistant lenses that are 
well cemented with calcareous material; eolian environ
ment. 

Recapture Shale Member continued: 
32. Sandstone: White (N 9) to very light gray (N 8) and yellow

ish-gray (5Y 8/1); fine- to medium-grained in lower 
21. 6 feet and very fine to fine-grained in upper 5U. 9 feet; 
fair-sorted; composed of rounded to subrounded, clear 
quartz; common to abundant black and rare green and 
orange accessory minerals; firmly cemented, calcare
ous; structureless, flat-bedded; forms a fluted cliff; 
contains 30 to 40 percent of red and green claystone 
chips derived from unit 15, indicating that part of the 
unit was deposited by water; 3-foot-thick bed of yellow
ish-gray (5Y 8/1) sandstone, medium- to coarse-
grained in a matrix of clay, at base. 

31. Claystone: Grayish-red (lOR 4/2); clay and silt; weath
ers flaky to earthy; forms a minor bench; fluviatile, 
flood-plain, or still-water environment. 

30. Sandstone: Grayish-orange-pink (lOR 8/2); very fine to 
fine-grained; fair-sorted; composed of rounded, clear 
quartz; common black and rare green and orange acces
sory minerals; firmly cemented, calcareous; flat, thin
to thick-bedded; crossbedded within the beds; forms 
badlands, steep slopes, or vertical cliffs; contains a 
few undulating claystone partings less than 2 inches 
thic k; quiet fluviatile, shallow lacustrineJ or both types 
of environment. 

29. Sandstone and claystone: Forms a minor bench; quiet flu
viatile or shallow lacustrine environment . 

Sandstone (60 percent): Grayish-orange-pink (lOR 
B/2) and pinkish-gray (5YR 8/1); fine-grained; 
well-sorted; composed of rounded to subangular, 
clear quartz; rare black and green accessory 
minerals; weakly cemented, calcareous; thin, 
indistinctly bedded. 

Claystone (40 percent): Grayish-red (lOR 4/2); silty 
in part; laminated, flat, lenticularIy bedded. 

Tongue of Cow Springs Sandstone: 
28. Sandstone: Yellowish-gray (5Y 8/1); fine- to medium

grained; fair-sorted; composed of rounded to subangu
lar, clear quartz; rare black and orange accessory 
minerals; weakly cemented. calcareous; laminated, 
thin to very thick bedded; mediurn- to large-scale 
crossbeds; forms an irregular and smooth cliff; eolian 
environment. 

Recapture Shale Member continued: 
27. Sandstone: White (N 9) to very light gray (N 8); very fine 

grained; fair-sorted; composed chiefly of rounded to 
subangular J clear quartz with some frosted quartz; 
common black accessory minerals; firmly cemented, 
calcareous; structureless, with suggestion of flat bed
ding features; forms a prominent knobby ledge: patches 
of ferruginous material; quiet fluviatile environ nent. 

26. Siltstone and sandstone: Sandstone occurs as crossbedded 
lenses, less than 7 inches thick, in the siltstone; fluvia
tile environment. 

Siltstone: Pale-reddish-brown (lOR 5/4) to g:"ayish
red (lOR 4/2); composed of clear quartz; black and 
green accessory minerals; clay matrix; calcareous 
cement; structureless and faintly bedded. 

Sandstone: White (N 9) to yellowish-gray (5Y a/1); 
very fine to fine- grained; composed of rounded to 
subangular, clear quartz; common black accessory 
minerals; firmly cementedJ calcareous. 

25. San:dstone: White (N 9) to grayish-yellow (5Y 8/4); fine
to medium-grained; poorly sorted; composed of well
rounded to subrounded, clear quartz; common orange, 
black, and red accessory minerals; firmly cementl'd, 
calcareous; flatJ gnarly: thin-bedded; we~thers slabby; 
forms an irregular ledge and prominent bench; unit is 
a lens; fluviatile or shallow lacustrine environment. 

Total Recapture Shale Member (including 
tongues of Cow Springs Sandstone) 

Total Morrison F'ormation 

Cow Springs Sandstone: 
24. Sandstone: Yellowish-gray (5Y 8/1 to 5Y 7/2); silt to 

fine-grained sand; fair-sorted; composed of rounded 
to subrounded, clear quartz; abundant black and rare 
white and orange accessory minerals; weakly to firmly 
cemented, calcareous; flat-bedded; flat beds alternate 
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UPPER AND LOI'IER CRETACEOUS: 
Dakota Sandstone: 

4..J:. Carbonaceous shale: Contains sandstone beds; weathers 
platy to slabby. , 

43. Sandstone: Basal unit of Dakota Sandstone; undescribed. 

Total Dakota Sandstone 

UNCONFORMITY: Erosional and channeled. 
UPPER JURASSIC: 

MOl'l'ison Formation: 
VI <'"(water Canyon Member: 
~2. Sandstone: White (N 9); 10calJy cut out by pre-Dakota 

erosion; appears to be same white unit that underlies 
the Dakota Sandstone at the Salina Trading Post sec
tion 15 miles to the south. 

41. Sandstone, pattly conglomeratic: Very pale orange 
(lOYR 8/2) to yellowish-gray (5Y 8/1 to 5Y 7/2); fine
to coarse-grained; fair-sorted; composed of rounded 
to subangulul', clear quartz; feldspar, abundant black, 
and ral'E' orange and green accessory minerals; firmly 
eementf'd, calcareous and ferruginous; structureless 
and 111assive in lower half of unit, with faint indications 
of crossbedding; wedge and asymmetrical trough cross
bedding in upper half of unit, with medium- to large
scalp cl'ossbeds; forms a blocky cliff; scours are pres
ent tlll'oughout unit; contains several I-foot-thick beds 
of greenish-gray (5G 6/1 to 5GY 6/1) siltstone and 
claystone; contains indistinct lenses of granule to 
pebble conglomerate, with pebbles less than 2 inches 
in diameter composed of gray and white chert, pink 
feldspar, and clear and cloudy quartz; conglomerate 
at base of unit contains sandstone pebbles composed 
of material from unit 40; upper part of unit inaccessi
ble and not observed in detail. 

-lO, Sandstone and siltstone, interbedded: Maximum thick
ness of beds is 6 inches; unit weathers knobby; forms 
a cliff. 

Sandstone (75 percent): Yellowish-gray (5Y 8/1) to 
grayish-yellow (5Y 8/4); fine- to medium-grained; 
fair-sorted; composed of rounded to subangular, 
clear quartz; common black and rare green and 
orange accessory minerals; thin-bedded; wedge 
trough crossbedding, small- to medium-scale 
crossbeds; contains a few disseminated granules. 

Siltstone (25 percent): Light-greenish-gray (5GY 
8/1); silt to very fine grained sand; flat, thin- to 
thick-bedded. 

39. Sandstone, partly conglomeratic: Yellowish-gray (5Y 
8/1) to grayish-yellow (5Y 8/4); fine- to coarse
grained; fair-sorted; composed of rounded to subangu
lar. clear quartz; abundant black and rare red. orange. 
and green accessory minerals; weakly to firmly ce
mented. calcareous and ferruginous; mediurn- to 
large-scale crossbeds; forms a slope, ledge~ or ver
tical cliff; lenses of granule to pebble conglomerate; 
pebbles are composed of subrounded to subangular. 
gray and white chert, pink feldspar. and a minor 
amount of cloudy quartz; maximum diameter of peb
bles is 1 inch; fluviatile scouring at base. 

Total Westwater Canyon Member 

Recapture Shale Member: 
38. Sandstone and claystone: Two hundred feet northwest of 

section lenses of sandstone in upper third of unit in
crease in thickness and intertongue with the Westwater 
Canyon Member. 

Sandstone (60 percent): Yellowish-gray (5Y 8/1); 
very fine to fine-grained; composed chiefly of 
rounded to subrounded. clear quartz and a minor 
amount of frosted quartz; common black and rare 
orange accessory minerals; flat-bedded. 

Claystone (40 percent): Grayish-red (lOR 4/2); 
silty; structureless; weathers hackly; forms 
a slope. 

Tongue of Cow Springs Sandstone: 
37. Sandstone: Yellowish-gray (5Y 8/1) to grayish-yellow 

(5Y 8/4); fine- to coarse-grained; fair-sorted; com
posed of rounded to subangular, clear quartz; common 
black accessory minerals, feldspar may be present; 
firmly cemented. calcareous and ferruginous; high
angle and medium- to large-scale crossbeds; forms 
upper part of fluted, vertical cliff; abundant cement 
partly masks composition; eolian environment. 

Recapture Shale Member continued: 
36. Sandstone and sandy siltstone: Lenticular and irregular 

unit; possible fluviatile environment. 
Sandstone: Yellowish-gray (5Y 8/!); fine- to me

dium-grained; fair-sorted; composed of rounded 
to subangular J clear quartz; rare black acces
sory minerals. 

Sandy siltstone: Greenish-gray (5GY 6/1) and gray
ish-red (lOR 4/2); clay to very fine grained sand; 
grains masked by clay matrix; bedding features 
masked. 

Tongue of Cow Springs Sandstone: 
35. Sandstone: Yellowish-gray (5Y 8/1) to light-greenish

gray (5GY 8/1); fine- to medium-grained; fair-sorted; 
composed of rounded to subangular, clear quartz; rare 
black and green accessory minerals; firmly cemented. 
calcareous; indistinctly bedded; locally crossbedded. 
medium- to large-scale crossbeds; weathers smooth; 
forms a smooth, fluted cliff; contains ferruginous and 
calcareous concretions 2 to 4 feet in diameter; a few 
parting planes in upper 30 feet of unit may be flat and 
parallel, suggesting quiet shallow water or fluviatile 
environment, although 50 percent or more of unit was 
deposited in an eolian environment. 
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with medium-Bcale crossbedded layers; forms a 
smooth, sandy slope; crossbedded material is of 
fluviatile or shallow lacustrine environment. 

23. Sandstone: Grayish-yellow (5Y 8/4) to moderate-yellow 
(5Y 7/6); very fine to fine-grained; well-sorted; com
posed of well-rounded to rounded, stained quartz; rar~ 
orange and black accessory minerals; firmly cemented, 
noncalcareous; flat, very thin bedded; weathers smooth; 
forms a steep slope and minor bench. 

(Section continued 800 feet to the northwest.) 
22. Sandstone: Same as unit 21 except no medium-grained 

sand noted; 1011'- to high-angle and medium-scale 
crossbeds. 

21. Sandstone: Grayish-yellow (5Y 8/4) to moderate-yellow 
(5Y 7/6), rare yellowish-gray (5Y 8/l) streaks; fine
to medium-grained; composed of rounded, clear and 
frosted quartz; common to abundant angular white and 
common rounded to subangular pink. black, and orange 
accessory minerals; very weakly cemented, noncalcar
eous; wedge trough crossbedding, 1011'- to high-angle 
and very large scale crossbeds; forms a rounded top 
on vertical cliffs; grains are coated with ferruginous 
film. 

20. Sandstone: White (N 9) to yellowish-gray (5Y 8/l) and 
pale-greenish-yellow (lOY 8/2); very fine to fine
grained, some medium grains; well-sorted; composed 
of well-rounded to rounded, clear quartz; common or
ange, black. and white accessory minerals; firmly ce
mented. calcareous; flat beds alternate with low- to 
high-angle and medium-scale crossbedded layers; 
weathers pitted. smooth. and fluted; forms a cliff with 
units 19 and l 21; contains ovoid and spherical ferrugi
nous concretions with manganiferous centers, ~. to 6 
inches in diameter; coarse grains are concentrated 
along lamination planes. 

19. Sandstone: Same as unit 20 except composed of wedge 
trough crossbedding with medium- to high-angle and 
medium- to large-scale crossbeds. 

Total Cow Springs Sandstone 

Summerville Formation: 
Sandy facies: 

18. Sandstone: Same as unit 17. 
17. Sandstone: Yellowish-gray (5Y 8/1), weathering yellow

ish-gray (5Y 7/2); very fine grained; well-sorted; com
posed of well-rounded to rounded, clear quartz; rare 
black and orange accessory minerals; weakly cementecl

j 

calcareous; flat. thin-bedded; wedge trough crossbed
ding, low-angle and small- to medium-scale crossbeds; 
weathers smooth and pitted; forms a fluted and vertical 
cliff; contains ovoid. yellow-brown. ferruginous concre
tions 1 to 4 inches in diameter. some of which have a 
manQ'anes e cor e. 

Total Summerville Formation 
Entrada Sandstone: 

Medial silty member: 
16. Sandstone: Light-grayish-red (5R 5/2); fine-grained; 

composed of subangular to angular quartz; abundant 
black and orange accessory minerals; well-cemented; 
mostly massive; minor amount of small-scale cross
beds; spheroidal weathering obscures structure; grades 
upward into unit 17; 10 feet below top of unit is a l-inch
thick, weakly cemented, purple zone; clayey at base, 

15. Covered interval. 
14. Sandstone: Moderate-reddish-orange (lOR 6/6) and mod

erate-reddish-brown (lOR 4/6); fine-grained; subangu
lar grains; white, black, and orange accessory miner
als; structureless; friable; interstitial clay present; 
contains streaks composed of medium- to coarse
grained. well-rounded. white and gray chert and quartz. 

1'ntaI Entrada Sandstone 
UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 
13. Sandstone: White (N 9), pale-red (lOR 6/2), and moder

ate-reddish-orange (lOR 6/6); fine-grained; composed 
of subangular. clear and amber-coated quartz; common 
orange and black accessory minerals; weathers platy; 
contains several laminated, sandy. slightly micaceous, 
grayish-red (5R 4/2) claystone partings. 

12. Sandstone: White (N 9) to light-brown (5YR 6/~ to OY5/6); 
fine-grained; composed of subangular. clear quartz; 
common orange. black, and green accessory minerals; 
flat-bedded; contains discontinuous lenses of small
scale crossbeds; forms two ledges and a recess; mid
dle of unit contains a I-foot-thick, grayish-red (5R ~/2) 
bed of sandy claystone. 

11. Clayey sandstone: Grayish-red (5R 4/2); very fine to fine
grained; composed of subangular. clay-coated, amber 
quartz; forms a slope; contains several thin-bedded, 
platy sandstone layers, 

,10. Sandstone: White (N 9); fine- to medium-grained; suban
gular grains; common orange and black accessory min
erals; flat-bedded in lower 3 feet; small-scale cross
beds in upper 2 feet; slightly friable; forms a cliff. 

9. Claystone: Grayish-red (5R 4/2); clay and silt; ral'p or
ange, black, and green accessory minerals; laminated; 
rare low-angle cross beds; weathers platy; contains thin 
beds of fine-grained, subangular. white (N 9) sandstont."'. 

8. Sandstone: Same as unit 7; contains small-scale cr05S
beds in upper part; white (N 9) zone at top of unit; forms 
a ledge. ' 

7. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; composed of subangular, amber quartz; com
mon black and rare orange and green accessory miner
als; flat-bedded; contains seams of claystone. 

6. Covered interval: A few outcrops, mostly claystone same 
as unit 5. 
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Table 3. --Selected stratigt'aphic sectiuns in the Navajo and Hopi Indian Reservations, Arizona, New Mexico~ and Utah-Continued 

UPPER AND MIDDLE JURASSIC-Continued 
Carmel Forn1ation-Continued 

5. Claystone: Grayish-red (5R 4/2); silty and slightly 
sandy; very fine to fine-grained; laminated; weathers 
hackly; contains four thin and irregular beds uf sand
stone; sandstone is white (N 9) to gr'ayish ol'ange (10YR 
7/4), fine to medium grained, and is composed of sub
rounded to subangular clear quartz with common blaL' k 
and orange and rare red and green accessory minerals; 
other sandstone fills very large shrinkage Cl'<lrks; 
sandstone has a few scattered medium to coarse, well
rounded, quartz grains. 

Total Carmel Formation 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
4. Sandstone: Moderate-t'eddish-orange (lOR (j/6); fine

grained; composed of sUbangular, l'lear and amber 
quartz; common white, black, and orange, and rare 
green and red accessory minerals; well to fil'mly ce
mented; medium to very large scale crossueds; forms 
rounded features or cliffs; contains some medium 
grains composed mostly of white, orange, and black 
minerals; grains are disseminated and L'oncentrated 
in streaks. 

3. Sandstone: Moderate-reddish-orange (lOR 6/6), slightly 
lighter and darker streaks; upper part is fine to me
dium grained with a few coarse grains, and lower part 
is very fine grained with a few fine gl'ains; composed 
of subangular, clay-coated and amber quartz; common 
white, black, and orange, and rare green accessory 
minerals; \vell to firmly cemented; medium- to large
scale crossbeds; weathers spheroidal; upper 70 feet 
has bleached white areas along jOints and crossbedding 
planes. 

Total Lukachukai Membel' 

Rock Point Member: 
2. Covered interval. 
1. Sandy siltstone: Moderate-reddish-bl'own (lOR 4/6), 

spotted with greenish white; very fine grained; splits 
shaly; weathers spheroidal and hackly; contains fine
grained sandstone, which forms a -i-foot vertical ledge; 
base of local exposure, base of section, not base of 
\i\iingate Sandstone. 

Total incomplete Rock Point Member 
Total incomplete \Vingate Sandstone 

47. -Nazlini 

1 ~ miles southeast of Nazlini Trading Post, 
18 miles south-southeast of Chinle 

90-10.5-7.5 

[Measured by M. E. Cooley and J. R. Howard] 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, upper part: 
16. Sandstone: Very fine to fine-grained; poorly sorted-; 

well to firmly cemented, calcareous; black accessol'Y 
minerals; lenticular, thin- to thick-bedded; lenticular 
and wedge crossbedding, low-angle cl'ossbeds; weath
ers blocky to hacklyj forms an irregular ledge; con
tains mud pellets less than half an inch in diameter. 

15. Claystone: Grayish-red-purple (5RP 4/2); fair to poor
ly sorted; weakly cemented, calcareous; flat-bedded; 
weathers smooth; forms a regular slope; base is 
gradational. 

14. Sandstone: Pale-red (5R 6/2); very fine to fine-gt'ained; 
poorly sorted; composed of clear and stained quartz; 
black accessory minerals; firmly cementedj irregu
lar, lenticular, thin- to thick-bedded; lenticular and 
wedge simple and trough crossbedding, low-angle and 
medium-scale crossbeds; weathers knobby; forms an 
irregular ledge; contains some conglomerate lenses 
with sandstone pebbles as 111uch as 1 inch in diameter; 
base is irregular. 

13. Mudstone: Moderate-reddish-orange (lOR 6/6); poorly 
sorted; weakly cemented, calcareous; weathers 
smooth or fluffy; forms a regular slope; lower part 
of unit is more firmly cemented and contains lime
stone nodules and more clayey material; base is 
gradational. 

Total inc omplete upper part of the Petrified 
Forest Member 

Petrified Forest Member, Sonsela Sandstone Bed: 
12B. Sandstone: Pale-red (5R 6/2); silt and very fine grained 

sand; poorly sorted; composed of clear quartz; black 
accessory minerals; weakly to firmly cemented; flat, 
irregular, lenticular, very thin to thin-bedded; lentic
ular and wedge simple crossbedding, low-angle and 
small- to medium-scale crossbeds; weathers rounded, 
blocky. or hackly; forms an irregular ledge; base is 
gradational. 

12A. Sandstone and conglomerate: Fine- to coarse-grained; 
poorly sorted; rounded to subangular grains; irregu
lar. lenticular, thick-bedded; lenticular and wedge 
simple crossbedding; weathers blocky; forms an ir
regular ledge; grades in and out with conglomerate of 
limestone and mud pellets as much as 1 inch in diam
eter, one 4-inch piece has calcareous cement; contains 
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48. -Little Round Rock 

4 miles west of Round Rock Trading Post 
36-2.7-15.7 

[Measured by C. A. Repenning] 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai MC!mber: 
25. Sandstone: Moderate-reddish-orange (lOR 6/6); very fine 

grained; 80 percent composed of quartz and 10 percent 
feldspar; firmly cemented, calcareous; thin-bedded; 
tabular crossbedding, large-scale crossbeds; forms a 
vertical cliff; base is sharp and even. a slight erosion 
surface. 

Rock Point Member: 
24. Siltstone: Light-brown (5YR 6/4); clay, silt, and some 

very fine grained sand; composed of quartz; firmly ce
mented, calcareous; splits shaly; gnarly, flat-bedded; 
forms a niche in cliff. 

23. Siltstone: Light-brown (5YR 6/4); clay, silt, and some 
very fine grained sand; composed of quartz; firmly ce
mented, calcareous; massive, flat-bedded; forn1s an 
irregular cliff; unit is lenticular; base is sharp and 
irregular. 

22. Siltstone: Moderate-reddish-brown (lOR 4/6); clay, silt, 
and very fine grained sand; composed of quartz; weak
ly cemented, calcareous; splits shaly; lenticular, flat
bedded; weathers flaggy; forms a ledge; base is gra
dational and irregular. 

21. Siltstone: Moderate-reddish-brown (lOR 4/6); clay and 
silt; composed of quartz; weakly cemented, calcareous; 
splits shaly; lenticularly bedded; forms a regular slope; 
contains very pale green (lOG 8/2) blotches; base is 
sharp and irregular. 

20. Siltstone: Same as unit 22; weathers into balls at top and 
into flagstone at base. 

19. Siltstone: Same as unit 21. 
18. Siltstone: Same as unit 23. 
17. Siltstone: Same as unit 22; lenticularly bedded; weathers 

into balls. 
16. Siltstone: Same as unit 21. 
15. Siltstone: San1e as unit 22. 
14. Siltstone: Same as unit 21. 
13. Siltstone: Same as unit 22. 
12. Siltstone: Same as unit 21. 
11. Siltstone: Same as unit 22. 
10. Siltstone: Same as unit 21; white (N 9) line at top of unit, 

9. Siltstone: Same as unit 22. 
8. Siltstone: Same as unit 21. 
7. Siltstone: Same as unit 22. 
6. Siltstone: Same as unit 21. 
5. Siltstone: Same as unit 22. 
4. Siltstone: Same as unit 21. 
3. Siltstone: Same as unit 22. 
2. Siltstone: Same as unit 21. 

Total Rock Point Member 
Total \Vingate Sandstone 

Chillie Formation: 
Owl Rock Member (incomplete): 

1. Limestone: Very pale green (lOG 8/2) and grayish
orange-pink (5YR 7/2); finely crystalline; composed 
of calcium carbonate; gnarly, lenticularly bedded; 
forms a ledge; sandy in part; limestone conglomerate 
at top of unit; contains possible borings; base is sharp 
and irregular. 

49. -Tsaile 

North side of Tsaile Creek, 
9 miles south-southeast of Lukachukai 

51-7.9-13.0 

[Measured by C. A. Repenning and W. A. Belden] 

TERTIARY: 
Chus ka Sandstone; 

13. 

12. 

11. 
10. 

Estimated stratigraphic interval to highest visible part 
of mountain. 

Sandstone: Yellowish-gray (5Y 8/1); medium- to coarse
grained; fair-sorted; composed of rounded to subround
ed, clear and stained quartz; blaCk, red, and white ac
cessory minerals; well-cemented, calcareous; splits 
flaggy; lenticular, very thic k bedded; unit is a coset; 
wedge trough and tabular planar crossbedding, low- to 
medium-angle and large-scale crossbeds dip to the 
northeast; weatheTs blocky; forms a vertical cliff; 
eolian environment; base is concealed. 

Covered interval: Forms slopes and ledges. 
Sandstone: Very pale orange (lOYR 8/2); medium- to 

coarse-grained; well-sorted; composed of rounded to 
subrounded, stained quartz; black, red, and white ac
cessol'Y minerals; well-cemented, calcareous; friable; 
flat, very thick bedded; unit is a coset; tabular planar 
crossbedding, high-angle and large-scale crossbeds 
dip to the northeast, very low angle and large-scale 
crossbeds dip to the southwest; weathers blocky; fox;ms 
a vertical cliff; eolian and fluvial environment; base is 
concealed. 

9. Sandstone: Similar to unit 10; well-sorted; black, red. 
and white accessory minerals; well-cemented, ca1car-
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pelecypod, possibly J.!ni.g; base is irregular. . 
11. Siltstone: Very light gray (N 8) and pale-purple (5P 6/2); 

weakly cemented, calcareous; flat, irregular, very 
thin to thin-bedded; weathers blocky; forms an irregu
lar slope; contains sandstone similar to unit 12; base 
is gradational. 

10. Sandstone: Very pale orange (lOYR 8/2) and light-brown
ish-gray (5YR 6/1), mottled; very fine to medium
grained; poorly sorted; composed of subrounded to sub
angular, clear and stained quartz; mica and black ac
l'(>SSOl'y minerals; firmly cemented; irregular, lentic
ular, thin- to thick-bedded; lenticular and wedge trough 
crossbedding, low- to high-angle and medium-scale 
cl'ossbeds; weathers blocky to hackly; forms an irregu
lar ledge; base is gradational. 

n. Cla,'stone: Grayish-red (lOR 4/2); weakly cemented; flat, 
massive. very thick bedded; weathers smooth; forms a 
partly covered, regular slope; base is gradational. 

d. Sandstone: Grayish-orange-pink (lOR 8/2); fine-grained; 
well-sol'tE'd; composed of subangular, clear and frosted 
quat'tz; black accessory minerals; firmly cemented; il'~ 
l't"gulal', h'l1ticular, thick to very thick bedded; lenticu
lar and wedge simple and trough crossbedding, low
angle and medium-scale crossbeds; weathers blocky; 
forms an il'l'egular ledge; base is concealed. 

Total Sonsela Sandstone Bed of the Petrified 
Forest Member 

jll't l'it'it'd Fon"st Member. lower part: 
7}), Mudstone: Same as unit 7B; contains faint crossbed

ding. large-scale cl'ossbeds; forms a partly covered 
slope. 

7t'. Sandstone: Grayish-arange-pink (jOR 8/2) and pale
red (5R 6/2); fine- to coarse-grained; composed of 
subrounded to subangular. clear and stained quartz; 
blaC'k accessory minerals; weakly cemented. calcar
eous; lenticular. thin- to thick-bedded; wedge trough 
crossbedding. low-angle and medium- to large-scale 
c rossbeds; weathers blocky; forms an irregular ledge; 
unit is a lal'ge-scale wedge into 7B and 7D and becomes 
thick!:'!' to the south-as much as 30 feet thick; base 
is gradational. 

7B. Mudstone: Grayish-red (5R 4/2); clay and silt; poorly 
sortE'd; weakly cemented; massive. very thick bedded; 
weathers smooth; forms a rolling slope; base is gra
dational. 

7(,. Mudstone: Pale-red (5R 6/2); clay to silt; poorly 
sorted; \veakly cemented. calcareous; massive. very 
thick bedded; Weathers smooth; forms an irregular 
slope; some sandstone lenses as much as 2 feet thick 
contain pseudocrossbedding; base is gradational. 

Total lower part of the Petrified Forest Member 
Total incon1plete Petrified Forest Member 

Lower red member: 
6, Limestone conglomerate: Light-olive-gray (5Y 5/2); 

\rery fine to medium-grained; poorly sorted; sub
rounded to subangular grains; well to firmly cemented, 
calcareous; irregular, lenticular. thin to very thick 
bedded; \\-edge trough crossbedding, low-angle and 
small- to medium-scale crossbeds; pseudocrossbed
ding; weathers blocky; forms an irregular ledge; 
~-inch mud pellets; conglomerate lenses as much as 
2 feet thick; sandstone as much as 3 feet thick; base 
is gradational. 

5. Mudstone: Pale-reddish-brown (lOR 5/4) to grayiSh-red 
(5R 4/2); silt to very fine grained sand; poorly sorted; 
weakly cemented, calcareous; irregular. flat-bedded; 
weathers blocky to smooth; contains a few thin sand
stone ledges and abundant limestone nodules as much 
as 1 ~ inches in diameter; base is gradational. 

~. Sandstone: Grayish-orange-pink (oYR 7/2); very fine to 
fine-grained; poorly sorted; composed of subrounded 
to subangular. clear and stained quartz; mica and 
black accessory minerals; firmly cemented; irregu
lar. lenticular. thin- to thick-bedded; wedge simple 
crossbedding. low- to high-angle and medium-scale 
crossbeds; pseudocrossbedding; weathers blocky to 
hackly; forms an irregular ledge; unit is a large 
channel; base is gradational. 

3. Sandy siltstone: Grayish-yellow (5Y 8/4); silt to very 
fine grained sand; poorly sorted; mica accessory min
eral; flat, irregular, very thin to thick-bedded; weath
ers blocky; forms a regular slope; lower 8 feet is 
covered; base is concealed. 

Total lower red member 

Shinarump Member: 
2. Sandstone: Very pale orange (lOYR 8/2); very fine to 

fine-grained; fair-sorted; composed of clear and 
frosted quartz; firmly cemented; irregular, lentic
ular, thin- to thick-bedded; lenticular and wedge 
trough crossbedding, low- to high-angle and medium
scale crossbeds; weathers knobby to blocky; forms 
an irregular ledge; base is irregular. 

Total incomplete Chinle Formation 

U~CONFORMITY: Local relief of 1 foot. 
PERMIAN: 

De Chelly Sandstone: 
1. Sandstone: Very fine to fine-grained; very thick bedded; 

simple crossbedding, large-scale cross beds; pseudo
crossbedding. 
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eOlia; unit is a coset; tabular planar crossbedding, me
dium- to high-angle and large-scale crossbeds dip to 
the east,; forms a series of cliffs and slopes; base is 
concealed. 

8. Covered interval. 
7. Sandstone: Same as unit 3; forms a ledge; base is con

cealed. 
6. Covered interval: Composed mostly of friable sandston~ 

similar to unit 2. 
5. Sandstone: Same as unit 3; tabular planar crossbedding, 

low- to medium-angle and medium~scale crossbeds dip 
to the east-northeast; forms a ledge; eolian and fluvial 
environment; base is concealed. 

4. Covered interval: Composed mostly of friable sandstone 
similar to unit 2. 

3. Sandstone: Very pale orange (lOYR 8/2); medium- to 
coarse-grained; well-'sorted; composed of rounded to 
subrounded, stained quartz; black. red. and white ac
cessory minerals; firmly cemented. calcareous; flat. 
very thick bedded; unit is a coset; high-angle and Lu'ge
scale crossbeds dip to the northeast; very low angl e, 
tabular planar (fluvial) crossbeds dip to the southwest; 
weathers blocky; forms a vertical cliff; fluvial sand
stone is friable; base is concealed. 

2. Covered interval. chiefly sandstone: Very pale orang£' 
(lOYR 8/2); very fine grained; well-sorted; composed 
of rounded to subrounded, clear and stained quartz; 
black and red accessory minerals; weakly cemented) 
calcareous; friable; lentic ular, laminated to very thin 
bedded; partly crossbedded with trough crossbedding) 
very low to low-angle and small- to medium-seale 
crossbeds; weathers smooth; forms a covered slope; 
base is concealed. 

Total Chuska Sandstone 
UNCONFORMITY: Mostly concealed; marked by pebbles in the· 

basal I-foot layer of the Chuska Sandstone; pebbles deriv(:rj 
from the Chinle Formation. 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
1. Siltstone: Red; undescribed. 

50. -Round Hock 

5 miles east of Chinle \\ ash below Round Roc k. 
-l miles south-southvolest of Round Rock Trading Post 

53-3.0-0.5 

UPPER TRIASSIC: 

vVingate Sandstone: 

[Measured by C. A. RepenningJ 

Rock Point Member (incomplete): 

-l3. Silty sandstone and sand:)" shale. alternating: Moderate
reddish-brown (lOR -l/6); sandstone beds form ledges 
and are less than 10 feet thick; shale forms a slopE' 
and is less than 10 feet thick; basal contaC't is arbi
trarily placed at base of lowest sandstone, 

Chinle Formation: 
Owl Rock Member: 

42. Sandy shale: Pale-reddish-brown (lOR 5/4); contains 
scattered lenses of pale-red-purple (5RP 6/2) lime
stone-pellet conglomerate and some model'ate-red
dish-brown (lOR -l/6) sandstone that is fine gl'ained 
and thin bedded. 

-l1, Limestone: Light-brownish-gray (5YR 6/1); laminated; 
contains fine-grained sand. 

.. 0. Limestone: Light-brownish-gray (5YR 6/1); massive; 
forms a ledge and caps the cuesta neal' base of Round 
Rock. 

39. Sandy shale: Moderate-reddish-brown (lOR ~/6); thin
bedded; forms a slope. 

38. Limestone: Pale-red-pul'ple (5RP 6/2); massive; forIns 
a ledge. 

37. Sandy shale: Moderate-reddish-brown (jOR ~/6); thin
bedded; forms a slope. 

36. Limestone: Pale-red-purple (5RP 6/2); massive; f01'Ins 
a ledge. 

35. Shale: Pale-reddish-brown (lOR 5/4); thin-bedded; forms 
a slope. 

34. Limestone: Pale-red~pul'ple (5RP 6/2); massive; w('at11-
ers into rounded boulders; forms a ledge. 

33. Shale: Pale-reddish-brown (lOR 5/4); thin-bedded; forIlls 
a slope. 

32. Limestone: Pale-red (oR 6/2); massive; forms a ledge; 
contains a moderate amount of chert. 

31. Shale: Moderate-reddish-brown (lOR 4/6); thin-bedded; 
forms a slope. 

30. Limestone: Pale-red (5R 6/2); massive; forms two 
ledges; contains a small amount of ('hel't. 

29. Shale: Moderate-reddish-brown (lOR 4/6); thin-bedded; 
forms a slope. 

28. Limestone: Pale-red-purple (5RP 6/2); massive; f""ms 
a ledge. 

27. Shale: Moderate-reddish-brown (lOR 4/6); forms a slope; 
contains a few thin beds (3 inches thick) of sandstonE'. 

26. Sandy limestone: Pale-red-purple (5RP 6/2); vel')' fine 
grained sand; very thin bedded; forn'ls a ledge; contains 
grayish-orange-pink (lOR 8/2) spots. 

25. Limestone: Pale-red (5R 6/2); forms a slope; mostl,' 
pebble conglomerate. 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Owl Rock Member-Continued 
24. Sandy shale: Moderate-reddish-brown (lOR 4/6); forms 

a slope. 
23. Sandstone: Pale-red (lOR 6/2); very fine grained; forms 

a ledge; contains grayish-orange-pink (lOR 8/2) spots. 
22. Sandy shale: Moderate-reddish-brown (lOR 4/6); forms 

a slope; contains light-colored SPDtS. 
21. Limestone: Pale-red-purple (5RP 6/2); forms a ledge. 
20. Shale: Moderate-reddish-brown (lOR 4/6); forms a slope; 

contains dark-reddish-brown (lOR 3/4) sandstone dikes. 
19. Sandstone: Dark-reddish-brown (lOR 3/4); silt to very 

fine grained sand; weakly cemented, calcareous; forms 
a poorly developed ledge. 

18. Shale: Moderate-reddish-brown (lOR 4/6); forms bad
lands; contains a lime-pellet zone that is 2 feet thick; 
crisscrossed with dark-reddish-brown (lOR 3/4) sand
stone dikes; both the sandstone and shale contain small 
pale-blue-green (5BG 7/2) spots. 

17. Limestone: Pale-red-purple (5RP 6/2); very fine grained; 
forms a nodular ledge; grades laterally into moderate
red (5R 4/6) sandstone and shale; clusters of calcite 
crystals scattered throughout unit; contains pale-blue
green (5BG 7/2) spots. 

Total Owl Rock Member 

Petrified Forest Member, upper part: 
16. Shale: Moderate-red (5R 4/6); lenticular, very thin 

hedded; forms badlands; contains very thin bedded, 
pale-reddish-brown (lOR 5/4) sandy zones; sandstone 
lenses near top of unit; contains limestone nodules; 
pale-green (5G 7/2) spots in sand:), zones. 

15. Shale: Light-greenish-gray (5GY 8{1) and grayish-red
purple (5RP 4/2), alternating; forms badlands. 

14. Sandstone: Medium-bluish-gray (5B 5/1); fine-grained; 
thick-bedded; forms a ledge; grades laterally into silty 
sandstone and shale. 

13. Shale: Light-greenish-gray (5GY 8/1) and grayish-red
purple (5RP 4/2), alternating; forms badlands; con
tains petrified logs throughout unit. 

Total upper part of the Petrified Forest Member 

Petrified Forest Member, Sonsela Sandstone Bed: 
12. Sandstone: Yellowish-gray (5Y 8/1), weathering brownish 

gray (5YR 4/1); fine-grained; thin-bedded; small-scale 
crossbeds; contains limestone nodules that are So abun
dant at top they make up almost the entire lithology; 
petrified logs at base; grades laterally into sandy shale 
of same color. 

Petrified Forest Member, lower part: 
11. Shale: Light-greenish-gray (5GY 8/1) and grayish-red

purple (5RP 4/2), alternating; forms badlands; contains 
gypsum veins throughout unit; surface covered with 
limestone nodules; abundant petrified logs in lower part. 

10. Shale: Pale-greenish-yellow (lOY 8/2) and grayish-red 
(lOR 4/2); very lenticular with abrupt thickening and 
thinning of beds; forms badlands; outcrops are covered 
with lag material composed of limestone nodules and 
sandstone fragments; many local sandstone lenses con
taining limestone nodules; sandstone is coarse to very 
coarse grained and yellOWish gray (5Y 7/2), weathering 
brownish gray (5YR 4/1); limestone nodules are gray
ish yellow (5Y 8/4), weathering dusky yellow (5Y 6/4), 
and are mammillary shaped with dendrites in fractures; 
basal contact arbitrarily placed at top of preconsolida
tion slumpage features of lower red member. 

Total lower part of the Petrified Forest Member 
Total Petrified Forest Member 

Lower red member: 
9. Sandstone: Grayish-orange (lOYR 7/4); fine-grained; 

composed of quartz; firmly cemented, calcareous; flat, 
thin- to thick-bedded; small-scale crossbeds; forms a 
blocky cliff; beds contorted by preconsolidation slump
age and warped between lenses of mottled gray sandy 
shale. 

8. Sandy shale: Grayish-red (5R 4/2) to dusky-red (5R 3/4); 
flat, thin-bedded; forms a ledgy slope; contains some 
medium-light-gray (N 6) shale at top of unit; some fine
grained, grayish-red (lOR 4/2) sandstone. 

7. Sandstone: Grayish-red (5R 4 2); very fine grained; firm
ly cemented, ferruginous; flat, thin-bedded; forms 
ledgy and steep slopes; basal contact is sharp and ir
regular with 15 feet of relief. 

Tot.al lower red member 

Shinarump Member: 
6. Sandstone: Yellowish-gray (5Y 7/2); very coarse grained; 

massive; medium-scale crossbeds; forms a ledge; con
tains some granule-size material and large fragments 
of petrified wood. 

5. Sandstone: Grayish-orange-pink (5YR 7/2); medium
grained; flat, thick-bedded; forms a ledge or covered 
slope. 

4, Sandstone: Same as unit 5; forms a massive cliff; base 
is sharp. 

3. Conglomerate: Yellowish-gray (5Y 7/2) with lenses of 
grayish olive (lOY 4/2), weathering moderate yellow 
(5Y 7/6); granules to cobbles; firmly cemented, cal
careous; massive; medium-Bcale croBsbedsj weathers 
rough and pitted; forms a ledge and cliff; contains frag-
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UPPER TRIASSIC-Continued Feet 
Wingate Sandstone-Continued 

Lukachukai Member-Continued 
to subangular, clear and amber quartz; rare black ac
cessory minerals; firmly cemented; massive; asym
metrical and plunging trough crossbedding, low- to 
high-angle and small- to medium-scale crossbeds; 
forms a rounded cliff; eolian environment; base is 
sharp and flat. 146 

Total Lukachukai Member (including tongue of 
Rock Point Member) 302 

Rock Point Member: 
12. Siltstone: Moderate-red (5R 5/4); clay, silt, and very 

fine grained sand; fair-sorted; weakly cemented; lami
nated; forms an irregular and covered slope; contains 
shrinkage cracks and worm trails; sandstone beds form 
ledges. 73 

11. Sandy and conglomeratic limestone: Brownish-gray (5YR 
4/1); lenticular, thin-bedded; weathers blocky and flag
gy; forms a ledge; conglomeratic parts contain gray 
limestone cobbles as large as 8 inches in diameter; unit 
grades laterally into limy sandstone; commonly con
tains reptile teeth, bone fragments, and pieces of petri
fied wood; bones are concentrated in limy and conglom
eratic parts; base is sharp and irregular. 

10. Sandstone: Grayish-red-purple (5RP 4/2); fine-grained; 
well-sorted; composed of white and purple quartz; about 
5 percent mica accessory mineral; well-cemented; flat, 
very thin to thin-bedded; unit is a coset; asymmetrical 
and plunging trough crossbedding, low-angle and medium
scale crossbeds; weathers flaggy; forms a ledgy'slope; 
commonly contains pebbles; fluviatile environment. 38 

9. Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; well-sorted; composed of subrounded to sub
angular, clear and amber quartz; about 5 percent black 
accessory minerals; firmly cemented; flat, lenticular, 
very thin to thin-bedded; unit is a set; weathers blocky; 
forms a ledgy slope; commonly contains siltstone beds; 
contains shrinkage cracks, worm borings, raindrop im
preSSions, and ripple marks; base is sharp and irregu-
lar. 14 

8. Conglomeratic marl: Light-brownish-gray (5YR 6/1); 
clay to very fine grained sand; subrounded to subangu
lar grains; well-cemented; lenticularly bedded; unit is 
a coset; forms a ledge; contains limestone. 17 

7. Siltstone: Moderate-red (5R 5/4); clay, silt, and very 
fine grained sand; fair-sorted; weakly cemented; forms 
mostly a covered slope. 73 

6. Sandstone: Grayish-red-purple (5RP 4/2); fine- to me
dium-grained; composed of white and purple quartz; 
about 5 percent mica accessory mineral; well-cemented; 
flat, very thin to thin-bedded; asymmetrical and plunging 
trough crossbedding, low-angle and medium-scale cross
beds; weathers blocky; forms a ledge; commonly con
tains pebbles; joints filled with shale; fluviatile environ-
ment; base is sharp and irregular. 12 

5. Conglomerate: Pale-yellowish-orange (10YR 8/6); lentic
ularly bedded; weathers blocky; forms a ledge; "fills 
channels at base of unit 6; unit thins and thickens along 
strike due to channeled surface on top of Chinle Forma
tion; contains a few bone fragments; base is sharp and 
irregular. 

Matrix: Fine- to medium-grained; composed of 
subrounded to subangular I stained quartz; firmly 
cemented. 

Gravel: Composed of limestone pebbles. 

Total Rock Point Member 232 

Total Wingate Sandstone 534 

Chinle Formation: 

Owl Rock Member: 

4. Sandstone: Pale-red (lOR 6/2); silt to fine-grained sand; 
well-sorted; composed of subangular to angUlar, clear 
and amber quartz; weakly cemented; flat-bedded; unit 
is a coset; weathers hackly; forms a regUlar slope; 
unit becomes increasingly silty towards top; contains 
limestone concretions; 9 feet below top is a limestone 
bed 1 foot thick and flat bedded, similar to unit 1; flu-
viatile environment; base is gradational. 32 

3. Limestone conglomerate: Light-brownish-gray (5YR 
6/1); granules and pebbles of limestone in a limestone 
matrix; lenticular, thick to very thick bedded; unit is 
a coset; weathers blocky; forms a ledge; contains silty 
lenses which increase in number towards top; contains 
MachaeroproBopus sp.; fluviatile environment; base 
is sharp and irregular, a channeled surface. 17 

2. Sandstone: Pale-reddish-brown (lOR 5/4); silt and very 
fine grained sand; well-sorted; composed of subangu
lar, amber quartz; weakly cemented; laminated; forms 
mostly a covered interval; fluviatile environment; base 
is sharp and irregular. 21 

1. Sandy limestone: Pale-red (lOR 6/2); finely crystalline, 
about 50 percent sand; flat, irregularly bedded; weath
ers blocky; forms a ledge; contains abundant yellowish-
gray (5Y 8/1) spots and streaks; base is concealed. 2 

Total incomplete Chinle Formation 72 



ments of petrified wood; base is sharp and forms a 
prominent contact. 

2. Sandstone: Grayish-orange-pink (5YR 7/2); medium
grained; composed of quartz; firmly cemented, cal
careous and ferruginous; massive; medium-scale 
crossbeds; weathers blocky; forms a ledge; contains 
lenses of conglomerate with pebbles measuring as 
much as 2 inches in diameter. 

Total Shinarump Member 
Total Chinle Formation 

UNCONFORMITY: Erosional, prominent in face of cliff, 10 feet of 
relief. 

PERMIAN: 
Dc> ehelly Sandstone: 

1. Sandstone: Grayish-yellow (5Y 8/4); fine-grained; com
posed of quartz; firmly cemented. calcareous and fer
ruginous; large-scale cross beds; forms a rounded and 
smooth cliff. 

51. -Sonsela 

3t miles northwest of Sonsela Buttes. 
19 miles south-southeast of Lukachukai 

69-7.8-7.2 

[Measured by M. E. Cooley and J. P. Akers] 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, Sonsela Sandstone Bed: 
6. Sandstone: vVhite (N 9); fine- to medium-grained; fair

to well-sorted; composed of subrounded, clear and 
frosted quartz; rare black accessory minerals; weakly 
to firmly cemented; irregular. lenticularly bedded; 
lenticular trough crossbedding; weathers bloc ky; forms 
an irregular ledge; contains a few scattered quartz and 
limestone pebbles concentrated along crossbedding 
planes; average diameter of pebbles is three-eighths 
of an inch and maximum diameter is three-quarters 
of an inch; base is sharp and irregular. 

5. Siltstone: Light-bluish-gray (5B 7/1); clay and silt; 
forms an irregular and covered slope; blue shale crops 
out near top; bas e is c onc ealed. 

.t. Sandstone: Very light gray (N 8); very fine to very coarse 
grained; composed of subrounded to subangular. clear. 
stained, frosted. and amber quartz; weakly to firmly 
cemented; lenticular. irregularly bedded; lenticular 
trough crossbedding. small- to medium-scale cross
beds; weathers blocky; forms an irregular ledge; con
tains a few quartz and limestone pebbles concentrated 
along crossbedding planes; average diameter of pebbles 
is three-eighths of an inch; contains lenses of very 
coarse grained to granule sandstone as much as 1 foot 
thick and 15 feet long; middle of unit contains a 1-foot
thick lens of limestone conglomerate; base is sharp and 
irregular. 

Total Sonsela Sandstone Bed of the Petrified 
Forest Member 

Petrified Forest Member. lower part: 
3. Siltstone: Bluish-purple; clay and .silt; weakly cemented; 

massive; forms a regular slope;' bone fragments and 
phytosaur teeth common on weathered slope; base is 
gradational. 

2. Sandstone: Pale-red-purple (5RP 6/2); clay to coarse
grained sand; fair to poorly sorted; subrounded to sub
angular grains; abundant mica accessory mineral; weak
ly to firmly cemented; irregular. lenticularly bedded; 
lenticular trough crossbedding. small- to medium-scale 
crossbeds; forms an irregular ledge; base is gradational. 

1. Siltstone: Light-bluish-gray (5B 7/1); clay, silt, and very 
fine grained sand; poorly sorted; weakly cemented; mas
sive; forms a slope; abundant limestone nodules on 
weathered slope; base is concealed. 

Total inc omplete lower part of the Petrified 
Forest Member 

DISTRICT 12 

52. -Red Rock 

Southeast of Carrizo Mountains. 
6 miles north-northwest of Red Rock Trading Post 

34-5.4-3.0 

[Measured by C. A. Repenning and P. R. Stevens] 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
15. Sandstone: Moderate-reddish-orange (lOR 6/6); fine- to 

medium-grained; well-sorted; composed of subrounded 
to subangular. clear and amber quartz; well-cemented; 
massive; unit is a coset; plunging trough crossbedding. 
high-angle and large-scale crossbeds; weathers round
ed; forms a rounded and vertical cliff; contains abun
dant coarse-grained. white (N 9) quartz concentrated 
along laminations; base is sharp and irregular. 

Tongue of Rock Point Member: 
14. Silty sandstone: Moderate-reddish-orange (lOR 6/6); 

silt to very fine grained sand; subrounded to subangu
lar grains; about 5 percent black accessory minerals; 
flat, laminated to thick-bedded; weathers blocky to 
smooth; forms a ledgy slope; base is sharp and flat. 

Lukachukai Member continued: 
13. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 

to medium-grained; well-sorted; composed of subrounded 

16 

11 

92 
1,029 

25+ 

61 

25 

28 

114 

44 

17 

89 

150 

128 

28 

53.-Cove 

It miles west of Cove. N. Mex .• 
north end of Chuska Mountains 

35-0.5-13.0 

[Measured by M. E. Cooley and P. R. Stevens] 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
9. Silty sandstone: Undescribed. 

Chinle Formation: 
Owl Rock Member: 

8. Silty limestone. limy siltstone, silty sandstone, and silt
stone: Flat, lenticular, thin- to thick-bedded; weathers 
blocky and hackly; forms alternating ledges and slopes; 
base is gradational. 

Unit consists. in descending order, of: 
o. Silty limestone: Grayish

red (lOR 4/2); weakly 
cemented. calcareous; 
splits crumbly; forms 
an irregular ledge. 3. 0 

n. Siltstone: Pale-reddish
brown (lOR 5/4); weak
ly cemented, argilla
ceous; splits shalyand 
crumbly; forms an ir-
regular slope. 7. 5 

m. Silty limestone: Grayish
red (lOR 4/2); weakly 
to firmly cemented. cal
careous; splits crumbly; 
forms an irregular ledge; 
grades laterally into ma-
terial same as subunit b. 6.5 

1. Silty limestone: Same as 
subunit f. 1. 0 

k. Limy siltstone: Pale-red 
(5R 6/2); weakly ce
mented, calcareous; 
splits crumbly; forms 
an irregular slope. 5.0 

j. Silty limestone! Same as 
subunit f. 2.0 

i. Silty limestone: Weakly 
cemented; splits shaly 
and crumbly; forms an 
irregular ledge. 22 

h. Silty limestone: Same as 
subunit f. 14 

g. Silty sandstone: Same as 
subunit b. 10 

f. Silty limestone: Pale-red 
(lOR 6/2); weakly to 
firmly cemented, cal
careous; splits shaly; 
forms an irregular 
ledge. 6.0 

e. Limy siltstone: Pale-red 
(lOR 6/2); weaklyce
mented. calcareous; 
splits crumbly; forms 
an irregular slope. 13 

d. Limy siltstone: Moderate
red (5R 5/4); silt and 
some very fine grained 
sand; weakly to firmly 
cemented, calcareous; 
splits platy and crumbly; 
forms an irregular ledge. 6.0 

c. Siltstone: Grayish-red 
(lOR 4/2); weakly ce
mented, calcareous; 
splits shaly and crum
bly; forms an irregular 
slope. 4.0 

b. Silty sandstone: Moderate
reddish-orange (lOR 6/6); 
silt and very fine grained 
sand; weakly to firmly 
cemented, . calcareous; 
splits platy and shaly; 
forms an irregular 
ledge. 7.0 

a. Limy siltstone: Pale-red 
(lOR 6/2); weakly to 
firmly cemented. cal
careous; splits shaly; 
forms an irregular 
slope. 27 

,7. Limestone conglomerate: Lenticular, thick-bedded; 
weathers blocky; forms an irregular ledge; grades out 
laterally into unit 11; contains Unio(?) and reptile teeth, 
including phytosaur; base is sharp and irregular. 

6. Silty sandstone: Moderate-reddish-brown (lOR 4/6); silt 
and very fine grained sand; weakly cemented, calcar
eous; splits flaggy and platy; gnarly, very thin to thin
bedded; weathers blocky; forms an irregular cliff; 
I-foot limestone bed at base of unit; base is sharp and 
flat. 

5. Siltstone. limy siltstone, mudstone. and silty sandstone: 
Flat, very thin bedded; unit forms a slope; base is 
gradational. 

Unit consists, in descending order. of: 
i. Siltstone: Pale-red (10R 

6/2); weakly cemented, 
calcareous; splits crurn-

50+ 
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132 
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UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Owl Rock Member-Continued 
bly; forms an irregular 
slope. 23 

h. Limy siltstone: Pale
reddish-brown (lOR 
5/4); weakly to firmly 
cemented, calcareous; 
splits platy; forms an 
irregular ledge. 3.0 

g. Siltstone: Grayish-red 
(lOR 4/2); weakly ce
mented, calcareous; 
splits shaly and crum
bly; forms an irregu-
lar slope. 14 

f. Limy siltstone: Pale
reddish-brown (lOR 
5/4); weakly cemented, 
calcareous; 9 plits 
shaly; forms an irregu-
lar ledge. 2.0 

e. Mudstone: Grayish-red 
(lOR 4/2); clay and silt; 
weakly cemented, cal
careous; splits shaly 
and crumbly; forn19 an 
irregular slope. 11 

d. Siltstone: Pale-red (lOR 
6/2); weakly cemented, 
calcareous; splits crum
bly; forms an irregular 
ledge. 9.0 

c. Mudstone: Moderate
reddish-brown (lOR 4/6); 
clay and silt; weakly ce
mented, argillaceous; 
splits shaly and crumbly; 
forms an irregular slope. 29.5 

b. Silty sandstone and silt
stone, alternating. Silty 
sandstone: Pale-red 
(5R 6/2); fine- to 
coarse-grained; well
rounded to subrounded 
grains; weakly ce
mented, calcareous; 
splits crumbly; flat. 
lenticular, thin-bed
ded; forms an irregu
lar slope. Siltstone is 
same as subunit a. 13 

a. Limy siltstone: Pale
reddish-brown (lOR 
5/4); weakly cemented, 
calcareous; splits shaly 
and crumbly; forms an 
irregular and covered 
slope. 33 

Total Owl Rock Member 

Petrified Forest Member, upper part: 
4. Mudstone and siltstone: Splits shaly; flat. lenticular, 

thin-bedded; forms an irregular slope; concretions 
and calcite geodes common, 

Unit consists, in descending order, of: 
d. MUdstone: Pale-reddish

brown (lOR 5/4); clay 
and silt; weakly ce
mented, calcareous; 
partly covered; sam-
ple taken at 105 feet. 65 

c. Mudstone: Grayish-red 
(lOR 4/2); clay and 
silt; weakly cemented; 
sample taken at 55 feet. 10 

b. Limy siltstone: Pale
reddish-brown (lOR 
5/4); weakly cemented, 
calcareous; sample 
taken at 44 feet. 16 

a. Siltstone: Weakly ce
mented, calcareous; 
sample taken at 25 
feet. 34 

3. Siltstone: Pale-red (5R 6/2); weakly cemented, calcar
eous; splits flaggy and shaly; flat, thin-bedded; 
weathers blocky; forms an irregUlar ledge; base is 
gradational. 

2. Siltstone: Same as unit 4. 

1. Siltstone: Pale-red (5R 6/2); weakly cemented, calcar
eoua; splits crumbly; flat, lenticular, very thin to 
thick-bedded; weathers rounded and hackly; forms an 
irregular and partly covered slope; base is concealed, 

Total upper part of the incomplete 
Petrified Forest Member 

Total incomplete Chinle Formation 

Feet 

137.5 

325.5 

125 

9.0 

42 

219 
544,5 

B. -In major reentrant on south face of Beautiful Mountain, 
north of Sanostee Wash 

[Measured by L. C. Craig and V. L. Freeman] 

UPPER JURASSIC: 
Morrison Formation: 

Brushy Basin Member: Feet 
Top of section, not top of exposure; next overlying unit is 

channeling sandstone of Dakota Sandstone. 
29. Claystone and some sandstone: Oxidiz ed soil may be 

represented by a 6 -inch red band at top. 
Claystone (90 percent): Greenish-gray (5GY 6/1), 

pale-red-purple (5RP 6/2), pale-brown (5YR 
5/2), and minor amount of grayish red (5R 4/2) 
in lower third of unit; contains some silt and 
medium-grained sand; weathers hackly to earthy. 

Sandstone (10 percent): Grayish-yellow-green (5GY 
7/2); clay and fine- to medium-grained sand; 
composed of subrounded to subangular, clear 
quartz; biotite flakes and masked accessory min
erals; forms thin, narrow, lenticular ledges as 
much as 1 foot thick. 83.7 

28. Sandstone: Light-greenish-gray (5GY 8/1); fine- to me
dium-grained; composed of subrounded to subangular, 
clear quartz; rare orange and black accessory miner
als; weakly to firmly cemented; crossbedded; contains 
clay-coated grains. 10 

27. Claystone: Mottled light-greenish-gray (5G S/l), and ·pale-
red (5R 6/2); some silt and fine-grained sand; weathers 
hackly, cQncretionary, and earthy. ~ 

Total Brushy Basin Member 100.2 
Westwater Canyon Member: 

26. Sandstone: Pale-yellowish-orange (lOYR S/6), grayish
orange (lOYR 774). and minor amount of white (N 9) 
with Borne pink mottling; fine- to coarse-grained; com
posed of well-rounded to subrounded, clear quartz; 
gray, white, tan, pink, and rare green accessory min
erals; friable; crossbedded; forms prominent cliff at 
head of reentrant along line of section, but where unit 
lenses out to the southeast forms only a tbin ledge; 
laterally, this unit and underlying one would be con-
sidered as part of the Brushy Basin Member. 20.5 

25. Sandy claystone: Dusky-yellow (5Y 6/4), some red 
streaks; some fine- to medium-grained quartz and 
accessory minerals; forms a minor slope. 10.4 

24. Sandstone: Pale-;yellowish-orange (lOYR 8/6), grayish
orange(lOYR7/4), and minor amount of white (N9) with 
some pink mottling; fine- to coarse-grained; composed 
of well-rounded to subrounded, clear quartz; white, tan, 
gray, pink, and rare green accessory minerals; friable; 
crossbedded; forms a prominent cliff around reentrant. 46.4 

23B. Claystone and sandy claystone: Grayish-pink (5R 8/2) to 
moderate-pink (5R 7/4); splits fissile; weathers shaly; 
poorly exposed. 2. 0 

23A. Claystone and sandy claystone: Light-greenish-gray 
(5G 8/1) to greenish-gray (5G 6/1); weathers hackly to 
earthy; poorly exposed. 12.2 

22. Sandstone: Yellowish-gray (5Y 8/1) to grayish-yellow 
(5Y 8/4), and some white (N 9) and very light gray (N 8); 
fine- to coarse-grained; composed of subrounded, clear 
quartz; white, orange. and black accessory minerals; 
crossbedded; contains abundant interstitial clay; very 
locallight-greenish-gray (5G 8/1) to grayish-red (5R 
4/2) claystone partings as much as 1 foot thick; chan-
neled; unit is very poorly exposed in lower part. 110.2 

21. Sandstone: Dark-grayish-orange (lOYR 6/4) and some 
pink. weathering moderate yellowish brown (lOYR 5/4); 
fine- to medium-grained; composed of subrounded, 
clear and clay-coated quartzj rare White, orange, and 
black accessory minerals; crossbedded; contains well
rounded pebbles of light-gray (N 7) to tan chert as much 
as 1 inch in diameter along stringers or disseminated. 2S 

20. Claystone and sandstone: Poorly exposed. ' 
Claystone (60 percent): Grayish-red (5R 4/2); some 

very fine to fine-grained sand; slightly micaceous. 
Sandstone (40 percent): White (N 9) to very light gray 

(N 8); very fine to fine-grained; forms thin. slabby 
beds. 24.5 

19. Sandstone: Pale-yellowish-brown (IOYR 6/2), weathering 
yellowish brown; fine- to medium-grained, some coarse 
grains; composed of well-rounded to 8ubrounded, clear 
quartz; abundant black, orang~, tan, green, and gray 
accessory minerals; cro8sbedded; local stringers of 
granules and rare pebbles composed of gray, black, 
white, and red chert as much as three-quarters of an 
inch in diameter; channeled. 22 

18. Sandstone and some claystone: Contact of Westwater 
Canyon and Recapture Shale Members is difficult to 
place. but most satisfactory appears to be at base of 
this unit, which separates the highly sandy and more 
resistant sequence of the Westwater Canyon Member 
above from the less resistant intervai of the Recapture 
Shale Member below. This sequence seems to prevail 
through western New Mexico and eastern Arizona; how
ever. at the time this section WaS measured an alter
nate contact was selected at 53.9 feet (unit 20) above 
base of this unit. 

Sandstone: Very pale yellowish brown (IOYR 7/2), 



54. -Sanostee Wash 

A. - North sidt, of Sanostel' Wash where 
Todilto Limpstone crosses wash 

[Measul'l'd by L. C. Craig, J. D. Strobell, Jr., 
and V. L. Freeman] 

UPPER JURASSIC: 
Summt:'l'villf' Formation: 

Sandy fHeips: 
Top of section, not top of exposure; next overlying unit is 

Salt Wash Sandstone Member of the MOl'rison Forma
tion, which is l'omposed of grayish-red (5R 4/2) sandy 
claystone. 

i\. Sandstone: Moderate-orange-pink (5YR 8/4), weathering 
light brown (5YR 6/4); very fine to medium-grained; 
composed of rounded to subangular, clear, dull, and 
smooth qual'tz; white chert and orange and black ac
Cl'SSOl'Y mint'ralsj calcareous cement; parallel bed
ding, with indistinct parallel wavy bedding; minor 
small-scale l'l'ossbeds; top 1 foot is white (N 8); con
tains cl'ossbedded sandstone bed, 3 feet thick, lateral 
to section. 49.4 

8. Sandstone: Pale-reddish-orange (JOR 7/6), weathering 
moderate reddish orange (JOR 6/6); very fine grained; 
composed of subangular to angular, clear quartz; rare 
black and other masked accessory minerals; calcareous 
and ferruginous cement; parallel wavy bedding sug
g'l~sted; weathers massive and spheroidal, with exfoli
ated rinds; contains pale-reddish-brown (JOR 5/4) 
clayey sandstone that forms thin, even, parallel part
ings 2 to 6 inches thick. A 3.9-foot-thick ledge of 
sandstone is 67.7 feet above base, described as fol
lows: moderate-orange-pink (5YR 8/4), weathering 
light bl'own (5YR 6/-1); fine-grained; composed of 
subl'ounded to subangular, clear quartz; white chert 
and orangE:' and black accessory minerals; friable. 86.8 

7. Sandstone: Moderate-arange-pink (5YR 8/4), weather
ing light bl'own (5YR 6/4); very fine grained; com
posed of subangular, cleal' quartz; common orange 
and black accessol'Y minerals; parallel wavy bedding 
suggested; forms a massive "slick rim" with three 
thin I irregular, red bands and numerous white (N 9) 
spots; contains scattered well-rounded, dull quartz 
grains and rare angular, white (N 9) chel't grains. ~ 

Total Summerville Formation 164.5 

(Section continued a quarter of a mile east of units 7 to 9.) 
Top of Todilto Limestone has broad rolls that appear to be the 

result of penecontemporaneous slumping. 
Todilto Limestone: 

6. Limestone: Medium-dark-gray (N 4), weathering very 
light gray (N 8) to light gray (N 7); fine-grained; crys
talline; irregular, laminated to thick-bedded; weathers 
slabby. 10.8 

Entrada Sandstone: 
5. Sandstone: Grayish-pink (5R 8/2); fine-grained; well

sorted; composed of subangular, clear quartz; black 
and orange accessory minerals; friable, nonresistant; 
parallel bedding; unit thins laterally to 1 foot and has 
a wavy upper surface, 2.3 

.1. Sandstone: Moderate-reddish-orange (lOR 6/6); very fine 
to fine-grained; composed of subangular, clear and am
ber-stained quartz; common orange and common to abun
dant black accessory minerals; contains one band of very 
pale orange (lOYR 8/2) near top; abundant medium- to 
coarse-grained white (N 9) chert and clear and amber
stained quartz disseminated and concentrated along 
laminae; bedding is predominantly parallel and lamina
tion is predominantly parallel and wavy; no crossbed
ding observed; forms a vertical and partly rounded 
cliff. 82 

3. Sandstone and siltstone, interbedded: Moderate-reddish
orange (jOR 6/6) to moderate-reddish-brown (jaR 4/6); 
very fine to medium-grained; composed mostly of sub
angular to angular, clear and amber-stained quartz; 
common black and orange accessory minerals; appears 
generally massive, almost structureless, but probably 
is parallel bedded and laminated; weathers hackly to 
earthy; forms a small bench; contains some coarse, 
well-rounded, frosted quartz grains and locally abun
dant very fine grained white (N 9) chert; a few irregu
lar white (N 9) to light-greenish-gray (5GY 8/1) mot-
tlings and band s. 32. 9 

2. Siltstone to sandstone: Moderate-reddish-brown (lOR 
4/6); silt to very fine grained sand; composed of clear 
and amber-stained quartz; rare black accessory min
erals; massive, structureless; basal part of unit con
tains material reworked from the Wingate Sandstone; 
top surface appears to have an irregular relief of 1 foot; 
contains small white (N 9) spot's; c;ommon crystalline 
calcite blebs that are white (N 9) and imperfectly 
spberical. 5.4 

Total incomplete Entrada Sandstone 122.6 

UNCONFORMITY: Top of Wingate Sandstone is a sharp and irregu
lar surface and is probably parallel to the bedding of the enclos
ing strata; surface truncates the underlying crossbedded sand
stone. 

UPPER TRIASSIC: 
Wingate Sandstone (incomplete): 

1. Sandstone: Large-scale crossbeds; unmeasured. 

weathering yellowish brown; fine- to mediurn
grained; composed of well-rounded, clear and 
slightly frosted quartz; common orange and rare 
red and black accessory minerals; highly friable; 
low- to medium-angle cross beds; channeled; color 
of unit is in contrast to underlying unit. 

Claystone: Light-greenish-gray (5G 8/1) and gray
ish-red (5R 4/2), mottled; forms l-inch partings 
along bedding; basal surface is channeling contact. ~ 

Total Westwater Canyon Member 283. fj 
Recapture Shale Member: 

17. Sandstone: Grayish-orange-pink (5YR 7/2), moderate
orange-pink (5YR 8/4), and streaks of moderate red
dish brown (lOR 4/6); fine- to coarse-grained; com
posed of well-rounded to subrounded, clear quartz; 
common black, orange, pink, White, and green acces
sory minerals; highly friable; medium-scale crossbeds; 
contains stringers of granules composed of quartz and 
chert, scattered concretionary limestone knots, and 
granules of grayish-red (lOR 4/2) claystone; several 
claystone beds less than 2 feet thick are lateral to the 
section; unit is not prominently channeled at base but 
has channeling within. 113 

16. Claystone and sandstone. 
Claystone (50 percent): Grayish-red (lOR 4/2) to very 

dusky red (lOR 2/2); some disseminated very fine to 
fine-grained sand; weathers hackly to earthy; con
tains dense limestone nodules, which cover surfac:e 
of slope. 

Sandstone (50 percent): Very light gray (N 8); very 
fine grained; composed of angular, clear quartz; 
abundant blac k, orange, and green accessory min-
erals; forms thin, slabby ledges. 11. fJ 

15. Sandstone: Yellowish-gray (5Y 8/1) to very pale orange 
(lOYH 8/2); fine- to medium-grained; composed of 
well-rounded to subrounded, clear quartz; rare black, 
orange, and white accessory minerals; highly friable; 
crossbedded; occasional concentrations of black acces-
sory minet'als along laminae. 8,8 

14, Claystone and some sandstone, . 
Claystone (80 percent): Grayish-red (lOR 4/2) to very 

dusky red (lOR 2/2); some very fine to fine-grained 
sand; weathers hackly to earthy; contains dense lime
stone nodules, which cover slope. 

Sandstone (20 percent): Very light gray (N 8); very fine 
grained; composed of angular, clear quartz; abundant 
black, orange, and green accessory minerals; forms 
thin, slabby ledges. 2-1. 1 

13. Sandstone: Grayish-arange-pink (5YR 7/2); fine- to me
dium-grained; composed of well-rounded to subrounded, 
clear quartz; abundant black, common White, and rare 
green accessory minerals; friable; crossbedded; weath
ers rounded; channeled; contains conc retionary lime-
stone knots and local red claystone granules, 13.5 

12. Claystone: Dark-reddish-brown (jOR 3/4); some very fine 
to fine-grained sand; slightly micaceous; weathers hackly 
to earthy; contains black streaks that are probably man-
ganese oxide. 2.4 

11. Sandstone: Grayish-orange-pink (5YR 7/2); medium- to 
coarse-grained; composed of rounded to subrounded, 
clear quartz; white, orange, black, red, and rare green 
accessory minerals; very friable; crossbedded; forms 
a minor ledge in bottom 15 feet and covered slope above; 
upper part becomes mottled white (N 9), grayish orange 
pink (5YR 7/2), and pale red (5R 6/2); channeled; poor-
ly exposed. H. 1 

10. Claystone and sandstone: Very poorly exposed. 
Claystone: Grayish-red (5R 4/2); some sand; weathers 

earthy. 
Sandstone: Moderate-reddish-brown (jOR 4/6); very 

fine to fine-grained, some clay; composed of clear 
quartz; common orange and black accessory min-
erals; structureless; weathers spheroidal. 16.2 

9. Sandstone: A twofold unit. 
Upper one-third: Light-brown (5YR 6/4), weathering 

pink; fine-grained; composed of subrounded, clear 
quartz; abundant orange, black, and white accessory 
minerals; crossbedded; channeled; has a cap com
posed of calcareous sandstone that weathers nodular. 

Lower two-thirds: Pale-reddish-brown (lOR 5/4); 
composed of clear and amber-stained quartz; com
mon black, orange, red, and green accessory min
erals; massive and structureless except for some 
parallel banding; forms a rounded or vertical cliff; 
thin, white (N 9) band at bas e. 85 

8. Claystone and sandstone: Forms a sloping bench. 
Claystone: Grayish-red (5R 4/2); some fine-grained 

sand, 
Clayey sandstone: Moderate-orange-pink (5YR 8/4); 

clay and very fine to fine-grained sand; composed 
of subangular, clear quartz; common black and 
other masked accessory minerals. 29, S 

7. Sandstone: Light-brown (5YR 6/4); fine-grained; com
posed of subrounded, clear quartz; abundant orange, 
black, and white accessory minerals; slightly calcar
eous cement; very friable; low-angle crossbeds; for111s 
a vertical cliff; contains claystone seams. 18. 7 

6. Clayey sandstone: Pale-reddish-brown (lOR 5/4); clay 
and very fine grained sand; stl'uctureless; forms a 
slope. 2,0 

5. Sandstone: Light-brown (5YR 6/4); fine-grained; com-
posed of subrounded, clear quartz; abundant orange, 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER JURASSIC-Continued 
Morrison Formation-Continued 

Recapture Shale Member-Continued 
black. and white accessory mineralSj slightly calcar
eous cement; very friable; low-angle crossbeds; lower 
54 feet forms a vertical cliff, top 9.6 feet forms a 
slope; a large log in middle of this unit appears to be 
the source of carnotite-covered silicified wood float 
that is on slope below; channeled. 

4. Sandstone: Moderate-reddish-orange (lOR 6/6) to light
brown (5YR 5/6); very fine to medium-grained, some 
disseminated very coarse grains; poorly sorted; com
posed chiefly of clear quartz; abundant orange and black 
accessory minerals; mostly parallel bedding and band
ing, bedding ,generally masked; forms a single promi
nent ledge in lower half of unit and a covered slope in 
upper half; contains some interstitial clay, clear and 
cloudy quartz grains, and white and red claystone gran
ules; granules of feldspar and granite were noted lateral 
to this section. 

3. Sandstone and claystone. 
Sandstone (50 percent): Grayish-orange-pink (lOR 8/2) 

to grayish-orange (lOYR 7/4); very fine to fine
grained; composed of clear and amber-stained quartz; 
common to abundant black and orange accessory min
erals; ripple bedded; weathers slabby and hackly; 
forms an irregular slope. 

Claystone (50 percent): Light-greenish-gray (5G 8/1) 
and grayish-red (5R 4/2), interbanded; some fine
grained sand; weathers hackly to earthy. 

2. Sandstone: White (N 9) to moderate-orange-pink (5YR 
8/4), mottled; very fine to medium-grained; composed 
of rounded to subangular, clear quartz; common black, 
orange, amber, and red accessory minerals; medium
scale crossbeds; some ripple bedding; pseudocrossbed
ding; forms a massive ledge. 

1. Claystone and sandstone. 
Claystone (80 percent): Light-greenish-gray (5G 8/1) 

and grayish-red (5R 4/2L interbanded; some fine
grained sand; weathers hacldy to earthy. 

Sandstone (20 percent): Grayish-orange-pink (lOR 8/2) 
to grayish-orange (lOYR 7/4); very fine to fine
grained; composed of clear and amber-stained quartz; 
common to abundant black and orange accessory min
erals; ripple bedded; slabby ledges are common in 
upper part of unit. 

Total Recapture Shale Member 
Total Morrison Formation 

Base of section, not base of exposure; underlain by sandy 
facies of the Summerville Formation. 

C. -North side of Sanostee Wash, 4t miles west of Sanostee 
50-13.0-4.5 

[Measured by L. C. Craig, V. L. Freeman, and C. W. Weir] 

UPPER CRETACEOUS: 
Mancos Shale: 

Top of section, not top of exposure. 
8. Claystone: Light-olive-brown (5Y 5/6); weathers earthy; 

contains fine-grained sand; float of Gryphaea or related 
genus noted. 

7. Bentonite: Very light gray (N 8), stained yellow and 
brown; not silty. 

6. Claystone: Dark-gray (N 3); splits fissile and shaly; 
weathers hackly. 

Total Mancos Shale 

Dakota Sandstone: 
5. Sandstone: Very pale orange (10YR 8/2) to pale-yellow, 

weathering yellowish brown; very fine to fine-grained; 
composed of subangular, clear quartz; red, orange, 
and black accessory minerals; ripple bedded; well
exposed ripple marks; forms a ledge. 

4. Claystone and sandstone. 
Claystone: Light-olive-gray (5Y 6/1) to medium-gray 

(N 5); silt to fine-grained sand; weathers hackly, 
slabby, and earthy; abundant carbonaceous fragments. 

Sandstone: Dark-greenish-gray (5G 4/1); very fine to 
fine-grained; forms beds 1 to 2 feet thick; weathers 
slabby; abundant carbonaceous fragments; common 
gypsum flakes. 

3. Sandstone: Pale-yellowish-orange (IOYR 8/6) to grayish
orange (10YR 7/4); fine- to medium-grained; composed 
of subrounded to sub angular, clear quartz; rare orange, 
black, and white accessory minerals; small-scale cross
beds; some ripple bedding noted at top. 

2. Claystone and sandstone (2 types): Carbonaceous seams 
as much as 2 feet thick in upper third of unit. 

Claystone: Light-olive-gray (5Y 6/1) to medium
gray (N 5); silt to fine-grained sand; weathers 
hackly, slabby, and earthy; contains abundant 
carbonaceous fragments. 

Sandstone: Dark-greenish-gray (5G 4/1); very fine 
to fine-grained; weathers slabby; abundant carbo
naceous material. 

Sandstone: Grayish-orange (lOYR 7/4); very fine 
to fine-grained; composed of clear quartz; rare 
white and black accessory minerals; ripple bed
ded; abundant interstitial clay. 

1. Sandstone: Very pale orange (lOYR 8/2) to grayish
orange-pink (5YR 7/2), weathering yellowish brown; 
fine- to coarse-grained; composed of well-rounded to 
subrounded, clear quarti; rare black, white, and 01'-
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UPPER JURASSIC-Continued 
Morrison Formation-Continued 

Recapture Shale Member-Continued 
Claystone (40 percent): Grayish-red (5R 4/2) to 

dark-reddish-brown (lOR 3/4); contains fine- to 
medium-grained sand; splits fissile in parts; 
weathers hackly to earthy. 

19. Sandstone: Grayish-orange-pink (5YR 7/2); fine- to me
dium-grained; composed of subrounded to subangular, 
clear quartz; common orange and black accessory 
minerals; very gentle to parallel crossbedding with 
local medium-scale channeling; a few granUle chips of 
dark-reddish-brown (lOR 3/4) clay; thin partings of 
dark-reddish-brown (lOR 3/4) claystone contain some 
subrounded, fine- to Inedium-grained sand; 65 feet 
above base a thin conglomerate stringer contains peb
bles as much as half an inch in diameter that are com
posed of subrounded cloudy quartz, gray chert, granite, 
and abundant pink feldspar; upper half of unit consists 
of a series of ledges which combine to form a promi
nent scarp; lower half is weakly cemented and poorly 
exposed, 

18. Sandstone: Light-reddish-brown (lOR 5/6); fine- to me
dium-grained; composed of well-rounded to subrounded, 
clear quartz; common coarse-grained quartz and white 
and black accessory minerals; friable; parallel bedding; 
masked structure; some clay-coated grains; unit con
tains local thin partings of grayish-red (5R 4/2) to dark
reddish-brown (lOR 3/4) claystone and stringers of dis
seminated grayish-red (5R 4/2) clay pellets; subrounded, 
very coarse grains and granules of white, tan, gray, and 
black chert and clear quartz; a 6-inch bed of claystone 
is at top of unit, and lateral to the section a 4-foot lensing 
claystone is 15 feet below tor of unit. 

17. Claystone: Grayish-red (5R 4 2) to dark-reddish-brown 
(lOR 3/4) banded with 1 foot of medium gray (N 5) at top 
of unit; clay and some fine-grained sand; composed of 
subrounded quartz; to the south unit thins to 6 inches. 

Bluff Sandstone: 

Total Recapture Shale Member 
Total Morrison Formation 

16. Sandstone: Light-brown (5YR 6/4) banded with red; very 
fine to fine-grained; composed of subangular, clear 
quartz; rare white, orange, blaCk, and red accessory 
minerals; parallel bedding with indication of parallel 
wavy laminations; forms a massive, rounded ledge; 
unit contains rare disseminated, well-rounded, medium 
grains; a 6-inch-thick bed of white (N 9) calcareous 
sandstone is at top of unit. 

15. Sandstone: Grayish-orange (IOYR 7/4); fine- to medium
grained; well-sorted; composed of well-rounded to sub
rounded, clear quartz; rare white, orange, black, and 
red accessory minerals; friable; wedge crossbedding; 
sweeping, medium-scale crossbeds; middle of unit con
tains parallel wavy lamim tion in 2-foot-thick bed. 

Total Bluff Sandstone 

Summerville Formation: 
14. Sandstone, interbedded: Unit compares in sandiness with 

the Summerville Formation at Todilto Park, but it may 
include a 20-foot zone at top that should be assigned to 
the Bluff Sandstone. 

Sandstone: Light-brown (5YR 6/4 and 5YR 5/6) and 
light-reddish-brown (lOR 5/6), banded; fine- to 
medium-grained, common coarse grains; composed 
of well-rounded, clear quartz; rare white, orange, 
and black acc essory minerals. 

Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; composed of subrounded, clear and amber
stained quartz; rare orange, black, red, and green 
accessory minerals; parallel bedding, beds as 
much as 2 feet thick; contains abundant interstitial 
clay. 

13. Sandstone: Upper 33.6 feet is same as unit 14; 1 foot of 
grayish-red-purple (5RP 4/2) claystone at base; lower 
52.5 feet is moderate reddish orange (lOR 6/6) banded 
with white (N 9); very fine to fine-grained; composed of 
subrounded to subangular, clear quartz; common orange, 
black, and red accessory minerals. 

Total Summerville Formation 

Todilto Limestone: 
12. Limestone and sandy limestone, interbedded. 

Limestone: Medium-gray (N 5); dense, rare dissemi
nated sand gI'ains; very fine clay laminae; parallel 
bedding; weathers platy to slabby. 

Sandy limestone: Very fine to fine-grained; thin, len
ticular, parallel bedding; pseudocrossbedding. 

11. Sandstone: Greenish-gray (5G 6/1) tinged with purple and 
yellow; fine-grained; composed of subangular, clear 
quartz; common orange, black, and rare red accessory 
mineralsj weakly cemented; weathers platy to earthy; 
contains a few disseminated, well-rounded, coarse 
quartz grains. 

Total Todilto Limestone 

Entrada Sandstone: 
Upper sandy member: 

10. Sandstone: Moderate-reddish-orange (lOR 6/6) to light
brown (5YR 5/6); very fine to fine-grained; composed 
of well-rounded to subangular, clear and amber-stained 
quartz; common orange and black accessory minerals; 
parallel bedding; small-scale crossbeds interbedded 
with 5-foot-thick, sweeping, medium-scale crossbeds 
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ange accessory minerals; fine- to medium-scale cross
beds; channeled; abundant white (N 9) interstitial calcar-
eous material. ~ 

Total Dakota Sandstone 192.8 

Base of section, not base of exposure. Unit 1 channels into 
the underlying light-greenish-gray (5G 8/1) claystone of 
the Brushy Basin Member of the Morrison Formation. 

55. -Toadlena 

East sidE' of C'huska Mountains, 4 miles southwest of Toadlena 
68-11.0-12.5 

[Measured by L. C. Craig and V. 1... Freeman] 

UPPER CR8TACEOUS: 
Dakota Sandstone: 

Top of section: One foot of gray sandstone with carbonac eo us 
flecks is exposed at top; believed to mark top of the Dakota 
Sandstone; short covered interval lies above, then Mancos 
Shale c raps out. 

30. Sandstone: Grayish-orange-pink (lOR 8/2) to grayish
orange (lOYR 7/4); fine- to medium-grained; composed 
of subrounded to subangular, clear quartz; rare white 
accessory minerals; well-cemented, calcareous; paral
lel bedding; minor small-scale crossbeds; forms main 
hogback in \ ... ash; abundant crescentic and oscillation 
ripples; small amount of interstitial clay noted. 37 

2H. Claystone and sandstone. 
Claystone: Olive-gray (5Y 3/2) to black (N 1); clay to 

fine-grained sand; thin carbonaceous and coaly beds. 
Sandstone: Yellowish-gray (5Y 7/2); very fine to fine

grained; parallel. lenticularly bedded; crossbedded; 
weathers slabby; locally contains abundant carbona-
ceous fragments; beds are as much as 2 feet thick. 58.1 

28. Sandstone: Grayish-orange-pink (5YR 7/2) to pale-yel
lowish-brown (lOYR 6/2); fine- to medium-grained; 
composed of subrounded, clay-coated quartz; rare gray 
accessory minerals; parallel bedding; small-scale 
crossbeds; forms a massive ledge. 15.1 

27. Shale. coal, claystone, and sandstone, interbedded: Shale 
is black (N 1) and carbonaceous, coal is black (N 1), and 
claystone and sandstone are greenish gray (5GY 6/1); 
beds are as much as 3 feet thick. 34.4 

26. Sandstone and claystone, interbedded: Pale-red (lOR 6/2) 
to dark- gray (N' 3). 11 

25. Sandstone: Grayish-red (lOR 4/2); medium- to coarse
grained; composed of well-rounded to rounded, clay
coated quartz; rare gray accessory minerals; small
scale crossbeds; weathers platy at top; forms a massive 
ledge; top contact is gradational. 26 

24. Shale: Black (N 1); carbonaceous. 1. 4 
23. Sandstone: Light-greenish-gray (5G 8/1) to yeUowish-

gray (5Y 7/2); fine to very coarse grained; poorly 
sorted; composed of clear quartz; rare gray and black 
accessory minerals; crossbedded; channeled; unit is 
silicified in top 1 foot; contains abundant carbonac eo us 
fragments. 3. 0 

Total Dakota Sandstone 186 

C;PPER JUR.-\SSIC: 
Morrison Formation~ 

Brushy Basin Member: 
22 .. Claystone and sandstone: Unit described from exposures 

north of main wash and measured along bottom of main 
wash. 

Claystone (70 percent): Light-greenish-gray (5GY 
8/ l), medium-dark-gray (N 4), and minor amount 
of grayish red purple (5RP 4/2); some fine- to 
medium-grained sand; weathers hackly to fluffy. 

Sandstone (30 percent): White (N 9) to yellowish
gray (5Y 7/2); medium- to coarse-grained; com
posed of well-rounded, clear quartz; rare to com
mon white, orange, black, red, and green acces-
sory minerals; friable; no bedding exposed. 148 

\\ estwater Canyon Member: 
21. Sandstone and claystone, interbedded. 

Sandstone (80 percent): Moderate-orange-pink (5YR 
8/4), moderate-reddish-orange (lOR 6/6), pale-red 
(5R 6/2), and pale-red-purple (5RP 6/2); very fine 
to medium-grained, partly conglomeratic; poorly 
sorted; composed of well-rounded to subangular, 
clear and pink-stained quartz; common white, gray, 
tan, and rare red accessory minerals; structure 
poorly exposed; medium-scale crossbedding in 
places; partly channeled; contains pale-red (5R 6/2) 
stringers and lenses of disseminated granules and 
pebbles as much as 1 inch in diameter; well-rounded 
inclusions of silicified sandy claystone that contains 
rare white (N 9) and gray chert, abundant cloudy 
quartz, and tan to pink feldspar; 5 to 10 feet from 
top, sandstone is light greenlsh gray (5G 8/1); fluvia-
tile environment.. . 

Claystone: Dark-reddish-brown (lOR 3/4) to very dusky 
red (lOR 2/2); commonly contains fine- to medium
grained sand; weakly cemented; forms lenticular 
beds as much as 5 feet thick. 259 

Recapture Shale Member: 
20. Sandstone and claystone: Unit forms a broad slope; sand

stone beds 5 to 20 feet thick interbed with claystone beds 
2 to 10 feet thick. 

Sandstone (60 percent): Moderate-oran~e-pink (5YR 
8/4) and grayish-orange-pink (5YR 7/2); fine- to 
medium-grained; poorly sorted; composed of sub
rounded to subangular, clear quartz; common to 
abundant orange, black, red, and rare green ac
cessory minerals; locally preserved small- to 
medium-scale crossbeds. 

of wedge crossbedding; forms a buff cliff; contains con-
centration of medium grains along laminae. 98.9 

Medial silty member: 
9. Sandstone: Moderate-reddish-orange (lOR 6/6) to pale

reddish-brown (lOR 5/4); very fine to fine-grained; 
composed of clear and amber-stained quartzr common 
orange, black, and rare green accessory minerals; 
weakly cemented; part of unit contains pseudocros8-
bedding and small-scale crossbeds; weathers platy, 
shaly, earthy, and spheroidal; contains some thin 
clayey bands; weathered face suggests 2- to 3-foot 
banding; similarity to underlying units may be the 
result of reworking, although in this steeply dipping 
section all of the sandstone is somewhat alike. 68.2 

Total Entrada Sandstone 167.1 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
Contact is poorly defined and poorly exposed. 
8. Sandstone: Interbedded in 5- to 15-foot beds; unit corre

sponds in position with the massive, sweeping, cross
bedded unit at top of the Wingate Sandstone in the 
Sanostee Wash and Red Rock areas. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; composed of subangular, clear and amber
stained quartz; rare white and black accessory 
minerals; structure masked, but some medium
scale crossbeds noted; forms massive cliff or 
ledge. . 

Sandstone: Moderate-reddish-orange (lOR 6/6) to 
pale-reddish-brown (lOR 5/4); very fine grained, 
probably clayey; composed of clear and amber
stained quartz; rare orange and black accessory 
minerals; weakly cemented; weathers hackly to 
earthy; middle of unit contains a 6-inch to I-foot 
parting of dark-reddish-brown (lOR 3/4) sandy 
claystone that is fine-grained and micaceous. 103.2 

7. Sandstone: Light-brown (5YR 5/6); very fine to fine
grained; composed of subangular> clear and amber
stained quartz; rare white and black accessory min
erals; structure masked, but some medium-scale 
crossbeds noted; forms a massive cliff or ledge. 17.8 

Total Lukachukai Member 121 

Rock Point Member: 
6. Sandstone: Pale-reddish-orange (lOR 7/6) to moderate

reddish-brown (lOR 4/6); very fine grained, probably 
clayey; composed of clear, amber-stained quartz; rare 
orange and black accessory minerals; parallel, thick
bedded, 5 to 15 feet thick; weathers hackly; forms bad
lands, except for rare ledges of slightly more resistant 
sandstone of local extent; top 15 feet usually forms a 
massive, rounded to irregular ledge; fine streaks of 
white (N 9) .along joints and some bedding planes. 324.4 

5. Claystone: Pale-reddish-brown (lOR 5/4); contains some 
disseminated, medium- to coarse-grained sand; pre
dominantly composed of clear quartz; rare black acces
sory minerals; fragments of white (N 9) chert; weath-
ers hackly. 4. 2 

Total Rock Point Member 328.6 
Total Wingate Sandstone 449.6 

Chinle Formation: 
Owl Rock Member: 

4, Sandy claystone and some limestone. 
Sandy claystone: Grayish-red (5R 4/2); silt to very 

fine grained sand; weathers hac kly. 
Limestone: Same as unit 3; forms a thin platy bed. 1.5 

3. Limestone: Very light gray (N 8) to yellowish-gray (5Y 
8/l); very finely crystalline; variably sandy; weathers 
slabby; forms a capping ledge on a prominent hogback. 1.0 

2. Siltstone: Moderate-reddish-orange (lOR 6/6) to pale
reddish-brown (lOR 5/4), mottled with yellowish gray 
(5Y 8/1); highly calcareous; weathers hackly; forms a 
ledge. 5.5 

1. Limestone: Pale-yellowish-green (lOGY 7/2) and pale
red-purple (5RP 6/2), mottled; contains some clay, 
silt, and very fine grained sand; weathers nodular to 
knobby; prominent 3-foot bed of resistant limestone at 
top of unit grades northward laterally into a knobby 
weathering unit; base of section, not base of exposure. 10 

Total Chinle Formation 18 

DISTRICT 14 

56. -Todilto Park 

A. -East of Todilto Park, 17 miles northeast of Fort Defiance 
88-9.0-4.0 

[Measured by W. S. Pike, Jr. Lithologic description by 
M. E. Cooley and H. G. Page] 

UPPER CRETACEOUS: 
Menefee Formation: 

10. Lignite, carbonaceous siltstone, and sandstone, inter
bedded: Poorly sorted; flat, thick to very thick bed
ded; weathers hackly; forms an irregular slope; base 
is gradational. 50+ 

Point Lookout Sandstone: 
9. Sandstone: Deep pink; fine- to medium-grained; poorly 

sorted; well to firmly cemented; lenticular, very thick 
bedded, as much as 30 feet thick; unit is a set; lenticu
lar and wedge trough crossbedding; concave and convex, 
low-angle and large-scale crossbeds; weathers blocky 
and partly pitted; forms a vertical and irregular cliff; 
contains pebbles of siltstone along crossbedding planes; 
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UPPER CRETACEOUS-Continued Feet 
Point Lookout Sandstone-Continued 

contains fossil pelecypods and fish scales; base is 
gradational. 100 

Satan Tongue of Mancos Shale: 
8. Sandstone and siltstone, interbedded: Buff; c lay to me

dium-grained sand; poorly sorted; weakly to firmly 
cemented; flat, lenticular, thin- to thick-bedded; 
weathers blocky and hackly; forms an irregular slope 
and ledge; sandstone as much as 3 feet thick alternates 
with siltstone as much as 2 feet thick; parallel ripple 
marks at top of unit are about 8 iq.ches from crest to 
crest; unit contains small "pelecypods, a shar.k's tooth, 
and an ammonite(?) about 4 inches in diameter; base 
is gradational. 84 

Hosta Tongue of Point Lookout Sandstone: 
7. Sandstone (forms upper part of Hosta Tongue): Buff to 

pink; fine- to medium-grained; poorly sorted; well 
to firmly cemented; lenticular, very thick bedded, as 
much as 25 feet thick; unit is a set; lenticular trough 
crossbedding, low- to high-angle and medium-scale 
crossbeds; weathers blocky and pitted; forms a verti
cal and irregular cliff; base is gradational. 

6. Sandstone (forms lower part of Hosta Tongue): Buff to 
pink; fine- to coarse-grai ned; poorly sorted; well to 
firmly cemented; lenticular, very thick bedded, as 
much as 15 feet thick; unit is a set; lenticular and 
wedge planar crossbedding. low-angle and large-scale 
crossbeds; weathers blocky and pitted; forms a verti
cal and irregular cliff; siltstone pebbles and fossils 
concentrated in lenses along crossbedding planes near 
base; fossils consist of pelecypods and shark's teeth; 
base is concealed. 

Total Hosta Tongue of Point Lookout 
Sandstone 164 

Crevasse Canyon Formation: 
Gibson Coal Member: 

5. Lignite, carbonaceous siltstone, and sandstone: Unit 
covered and base concealed. 390 

Dalton Sandstone Member: 
4. Sandstone: Pink; fine- to medium-grained; poorly sorted; 

well-cemented; lenticular, thick to very thick bedded. 
as much as 15 feet thick; unit is a set; lenticular and 
wedge planar crossbedding. low-angle and medium
scale crossbeds; weathers blocky and round; forms an 
irregular cliff; contains Inoceramus sp., I. labiatus, 
1. unabundus, 1. dimidius, 6acuhtes, and small pele
cypods; fossils are In "gunky" zones in lower 20 feet 
of unit; base is gradational. 69 

Mulatto Tongue of Mancos Shale: 
3. Sandstone and siltstone, alternating: Buff; silt to me

dium-grained sand; poorly sorted; weakly to firmly 
cemented; flat, lenticular, thin- to thick-bedded; 
weathers blocky and hackly; forms an irregular ledge 
and slope; parallel ripple marks near top of unit; con
tains small pelecypods and Inoceramus dimidius; base 
is gradational. 144 

Dilco Coal Member: 
2. Carbonaceous siltstone, sandstone, and lignite, alter-

nating: Undescribed. 80 

Total Crevasse Canyon Formation 683 
Gallup Sandstone: 

1C. Sandstone and sandy conglomerate (forms upper part of 
Gallup Sandstone): Medium to very coarse grained; 
poorly sorted; well to firmly cemented; lenticular, 
thick to very thick bedded; unit is a set; lenticular 
trough crossbedding, low- to high-angle and medium
scale crossbeds; weathers blocky; forms a vertical 
and irregular cliff; contains some gravel; part of 
unit is iron stained; base is gradational. 

lB. Sandstone (forms middle half of Gallup Sandstone): Fine 
to very coarse grained; poorly sorted; well to firmly 
cemented; irregular. lenticular, thin to very thick 
bedded; unit is a set; trough crossbedding, low- to 
high-angle and medium-scale crossbeds; weathers 
blocky; forms a vertical and irregular cliff; contains 
a 2-foot-thick bed of lignite at base; baBe iB gr,adational. 

1A. SandBtone (forms lower part of Gallup Sandstone): Fine
to medium-grained; fair to poorly sorted; well to firmly 
cemented; lenticular, thick to very thick bedded; unit is 
a set; lenticular and wedge planar crossbedding, low
angle and medium- to large-scale crossbeds; weathers 
blocky; forms a vertical and irregular cliff; base is 
covered. 

Total Gallup Sandstone 
Mancos Shale: UndeBcribed. 

UPPER AND LOWER CRETACEOUS: 
Dakota SandBtone: Undescribed. 

150 
738.5 

B. -East side of Todilto Park, 16 miles northeast of Fort Defiance 
88-10.0-4.6 

[MeaBured by C. A. Repenning and J. H. Irwin] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: Undescribed. 

UNCONFORMITY: Relief of 2 to 3 feet. 
UPPER JURASSIC: 

Morrison Formation: 
. WeBtwater Canyon Member: 

32. SandBtone: Li.sht-bluish-gray (5B 7/0, banded with bluish
white (5B 9/l) and pinkiSh-gray (5YR 8/1); medium- to 

UPPER JURASSIC-Continued Feet 
Todilto Limestone-Continued 

17. Mudstone and sandstone: Dusky-yellowish-brown (10YR 
2/2) to dark-yellowish-orange (lOYR 6/6); clay to fine
grained sand; fair-sorted; composed of subrounded to 
subangular, clear and amber-stained quartz; white ac
cessory minerals; weakly cemented; lenticular, flat
bedded; weathers smooth; forms a regular slope; base 
is sharp and irregular. 10 

Total Todilto Limestone 25 

Entrada Sandstone: 
Upper sandy member: 

16. Sandstone: Dark-yellowish-orange (lOYR 6/6); medium
grained; fair-sorted; composed of rounded to subround
ed, clear quartz; black and red accessory minerals; 
firmly cemented; massive; unit is a coset; asymmetri
cal trough crossbedding; concave, low- to high-angle 
and large-scale crossbeds; weathers rounded; forms 
a rounded cliff; eolian environment; base is sharp and 
flat. 178 

Medial silty member: 
15. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 

to fine-grained; fair-sorted; composed of subrounded 
to subangular, amber quartz; white chert accessory 
mineral; firmly cemented; very thin bedded; weathers 
blocky and knobby; forms a vertical cliff; abundant cal
cite geodes, t to 3 inches in diameter; base is sharp 
and flat. 33 

14. Sandstone: Moderate-reddish-brown (lOR 4/5); medium
grained; well-sorted; composed of subrounded to sub
angular, clear and stained quartz; white chert acces
sory mineral; firmly cemented; lenticularly bedded; 
unit is a set; wedge planar crossbedding; concave, low
angle and large-scale crossbeds; weathers rounded; 
forms a rounded ledge; rare calcite geodes, a quarter 
of an inch in diameter; bleached white (N 9) zones; 
eolian environment; base is sharp and flat. 8.0 

13. Sandstone: Moderate-reddish-brown (lOR 4/5); fine
grained; well-sorted; composed of subrounded to sub
angular, amber quartz; white chert accessory mineral; 
firmly cemented; massive; weathers rounded; forms a 
regular slope; contains calcite geodes, t to 1 inch in 
diameter; bleached white (N 9) spots; base is sharp and 
flat. 12 

12. Sandstone: Grayish-orange-pink (5YR 7/2); medium- to 
coarse-grained; fair-sorted; composed of subrounded 
to subangular, clear and amber quartz; white chert ac
cessory mineral; firmly cemented; flat, lenticular. 
thick-bedded; unit is a set; tabular planar crossbedding; 
concave, low-angle and medium-scale crossbeds; weath
ers flaggy; forms a ledge; fluviatile environment; base 
is gradational. 2. 0 

11. Sandstone: Moderate-reddish-brown (lOR 4/6) to dark
reddish-brown (lOR 3/4); bimodal, very fine to fine
grained and coarse to very coarSe grained; poorly 
sorted; composed of subrounded to subangular, stained 
and amber quartz; white chert and black and white ac
cessory minerals; firmly cemented; flat, irregular, 
very thin to thick-bedded; unit is a coset; lenticular 
trough crossbedding; concave, low-angle and medium
scale crossbeds; weathers flaggy; forms a ledge; con
tains abundant granules and pebbles composed chiefly 
of chert and quartz; fluviatile environment; base is 
sharp and irregular, forms a channeled surface with 
3 reet of relief. 5. 0 

Total medial silty member 60 
Total Entrada Sandstone 238 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
10. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 

grained; well-sorted; composed of subrounded to sub
angular, amber quartz; weakly cemented; massive; 
flat-bedded; weathers smooth and rounded; forms a 
rounded cliff; contains bleached spots; still-water en-
vironment; base is sharp and flat. 28 

Tongue of Lukachukai Member: 
9. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 

grained; well-sorted; composed of subrounded to sub
angUlar, amber quartz; weakly cemented; massive; 
simple crossbedding; concave, low-angle and large
scale crossbeds; forms a rounded cliff; eolian environ-
ment; base is sharp and flat. 35 

8. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 
grained; well-sorted; composed of subrounded to sub
angular. amber quartz; weakly cemented; flat, lenticu
lar. laminated to thick-bedded; weathers smooth; forms 
a rolling, covered, ledgy slope; bleached spots common; 
base is sharp and flat. 9.0 

Rock Point Member continued: 
7. Sandstone: Grayish-orange-pink (5YR 7/2) to moderate

reddish-brown (lOR 4/5); very fine grained; well-sorted; 
composed of subrounded to subangular. clear and amber 
quartz; blac k accessory minerals; firmly cemented; 
lenticular, thick-bedded; lenticular and asymmetrical 
trough crossbedding; concave, low-angle and small
scale crossbeds; weathers flaggy; forms a ledge; con
tains worm trails and borings; coastal environment; 
base is sharp and irregular, forms a channeled surface. 3.0 

6. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 
grained; well-sorted; composed of subrounded to sub
angular, amber quartz; weakly cemented; flat, lentic
ular, laminated to thick-bedded; unit is a coset; weath-



31. 
30. 
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28. 

27. 

26. 

coarse-grained, some granules; fair-sorted; composed 
of subangular, stained quartz; 5 percent feldspar acces
sory mineral; weakly cemented; massive; unit is a co
set; asymmetrical trough crossbedding; concave, low
angle and medium-scale crossbeds; weathers rounded; 
forms a rolling slope and niche below the Dakota Sand-
stone; fluviatile environment. 

C overed interval. 
Sandstone: Very pale orange (lOYR 8/2); medium to very 

coarse grained; poorly sorted; composed of subangular, 
clear and white-stained quartz; feldspar accessory min
eral; massive; unit is a coset; asymmetrical trough 
crossbedding; concave, low-angle and small- to me
dium-scale crossbeds; weathers rounded; forms a 
rolling slope; abundant granite pebbles and clay galls; 
fluviatile environment; base is sharp and gradational. 

Sandy claystone: Same as sandy claystone in unit 25; 
banded; forms a regular slope; base is gradational. 

Sandy conglomerate: Grayish-yellow (5Y 8/4); lenticu-
larly bedded; unit is a coset; asymmetrical trough 
crossbedding; concave, low-angle and small- to me
dium-scale crossbeds; weathers rounded and blocky; 
forms an irregular, rounded cliff; fluviatile environ
ment; base is flat and gradational. 

Matrix: Coarse-grained; poorly sorted; composed 
of subangular, clear, white, and frosted quartz; 
2 percent feldspar accessory mineral; well to 
firmly cemented. 

Pebbles: Granule to 3 inches in diameterj com
posed of gray quartzite, pink and gray feldspar, 
granite, and white quartz. 

Sandy claystone: Same as sandy claystone in unit 25; 
lenticularly bedded; forms a niche at base of cliff; 
fluviatile environment; base is gradational. 

Sandstone: Grayish-yellow (5Y 8/4); medium-grained; 
well-sorted; composed of subangular, clear, white, 
and frosted quartz; massive; unit is a coset; asymmet
rical trough crossbedding; concave, low-angle and 
small-scale crossbeds; weathers rounded; forms a 
rolling slope; fluviatile environment; base is concealed. 

Total Westwater Canyon Member 

Recapture Shale Member: 
25. Sandy claystone and clayey sandstone: Unit is a coset; 

weathers smooth; forms a regular slope, mostly cov
ered; base Is sharp and irregular with 10 feet of relief. 

Sandy claystone: Dark-reddish-brown (IOR 3/4); poor
ly sorted; composed of subangular, clear, white, 
and frosted quartz; weakly cemented; flat, lenticu
lar, thick to very thick bedded; contains abundant 
lime concretions. 

Clayey sandstone: Light-yellowish-gray (5Y 8/2); 
clay, silt, and fine- to medium-grained sand; falr
to well-sorted; clear and white quartz and black 
accessory minerals; weakly cementedj flat, thick
bedded. 

Total Morrison Formation 

Cow Springs Sandstone: 
24. Sandstone: Pale-yellowish-orange (lOYR 8/6); flne- to 

medium-grainedj well-sorted; composed of subangular, 
clear quartz; black accessory mineralsj firmly ce
mented; massive; unit is a coset; wedge planar cross
bedding; concave, high-angle and large-scale cross
beds; weathers rounded; forms a rounded slope; eolian 
environment; base is sharp and flat. 

23. Sandstone: Same as unit 21 except contains no clay galls; 
abundant granules of white (N 9) chert. 

22. Sandstone: Pale-yellowish-orange (jOYR 8/6); fine- to 
medium-grained; well-sorted; composed of subrounded 
to subangular, clear quartz; red and white accessory 
minerals; firmly cemented; massive: unit is a coset; 
asymmetrical and symmetrical trough crossbedding: 
concave, low- to high-angle and medium- to large
scale crossbeds; weathers rounded; forms a rounded 
slope: eolian environment; base is sharp and flat. 

21. Sandstone: Grayish-orange-pink (5YR 7/2); fine- to me
dium-grained; fair to poorly sorted; composed of sub
angular quartz; black and white accessory minerals; 
firmly cemented, calcareous and argillaceous: irregu
lar, flat-bedded; weathers rounded: forms a rounded 
slope; abundant clay galls and sand pellets; base is 
sharp and flat. 

Total Cow Springs Sandstone 

Summerville Formation: 
Sandy facies: 

20. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; well-sorted; composed of subrounded to sub
angular, white and amber quartz; black accessory min
erals: wavy, flat-bedded; unit is a coset: tabular planar 
crossbedding; concave, low- to high-angle and medium
scale crossbeds; weathers rounded; forms a rounded 
cliff; unit contains occasional slumpage and frequent 
slumpage faults: still-water environment; base is 
sharp and irregular, an erosion surface with 3 feet of 
relief. 

Todilto Limestone: 
19. Mudstone: Pale-red-purple (5RP 6/2); weakly cemented: 

gnarly, laminated; spllts fissile; forms an irregular 
slope; abundant lime and clay pellets; base is sharp 
and irregular with a pitted surface of limestone. 

18. Limestone: Light-olive-gray (5Y 6/1); aphanitic; flat, 
irregular, thin- to thick-bedded; weathers blocky and 
pitted;, forms a ledge; common white (N 9) crystalline 
zones; contains rare white (N 9) quartz grains: upper 
surface is marked with solution pits: red, white, and 
black quartzite pebbles common at base; base is sharp 
and irregular. 
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erB smooth; forma a rolling, covered, ledgy slope: 
contains bleached epots; still-water environment; 
base Is sharp and flat. 

5, Sandstone: Very pale' green (lOG 8/2) to yellowish-gray 
(5Y 8/1); very fine grained; composed of subrounded 
to subangular, clear quartz; red and black accessory 
minerals; firmly cemented, calcareous; flat, lenticu
lar, thick-bedded; weathers pitted; forms a ledge; base 
1s sharp and flat, 

4. Sandstone: Grayish-orange-pink (5YR 7/2) to moderate
reddish-brown (lOR 4/5): very flne grained; fair- to 
well-sorted: compoBed of Bubrounded to subangular, 
clear and amber quartz; black accessory minerals; 
firmly cemented; Irregular, thin - t a thick -bedded; 
lenticular and asymmetrical trough crossbedding; con
cave, low""angle and medium .. scale crossbeds; weath'" 
ers flaggy; forms a ledge; worm trails and borings on 
mud-film surfaces; near base contains a granule con
glomerate bed, 1 inch thick, composed of siltstone 
granules: base is irregular and sharp, forms a chan
neled surface. 

3. Sandstone: Moderate-reddish-brown (lOR 4/5); very fine 
grained; wen .. sorted; composed of subrounded to sub
angular, amber quartzj weakly cemented; flat, lentic
ular, laminated to thick-bedded; unit is a coset; con
tains siltstone beds; ripple marks; weathers smooth; 
forms a rolling, covered, ledgy slope; leached spots 
common; fluviatile and still-water environment; base 
is sharp and flat. 

Total Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

2. Siltstone: Grayish-red (IOR 4/2); clay and silt; weakly 
cemented; splits fissile; laminated; unit is a set; 
weathers rounded; forms a regular slope; limestone 
lenses common; base is sharp and irregular. 

I, Siltstone: Grayish-orange-pink (5YR 7/2) to moderate
reddish-orange (jOR 6/6); silt and very fine grained 
sand; well-sorted; composed of subangular, amber 
quartz; firmly cemented, calcareous and argillaceous; 
flat, irregular, thin- to thick-bedded: unit is a set: 
weathers flaggy; forms a ledge; ripple marks and mud 
cracks; worm trails and borings on mud slicks; coastal 
environment; base is concealed. 

Total Chinle Formation 

DISTRICT 16 

57. -Staple 

It miles northwest of Staple, 19 miles east of Gallup 
105-6.0-17.0 

[Measured by R. L. Jackson and S. A. Johnson] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

43. Sandstone: Light-brown (5YR 6/4); very fine to medium
grained; poorly sorted; composed of subangular, clear 
quartz; rare red and black accessory minerals; weakly 
to firmly cemented, calcareous; massive: thick to very 
thick bedded; partly crossbedded with simple and trough 
crossbedding, small-scale crossbeds; weathers blocky; 
forms an irregular and vertical cliff; commonly con
tains clay galls and clay lenses; argillaceous material; 
base is sharp and irregular. 

42. Carbonaceous shale and coal: Black (N 1); flat, laminated; 
weathers hackly; forms a recess below cllff composed 
of unit 43; abundant limonite stains along bedding planes 
and small joints; base is concealed. 

41. Covered interval: Forms an irregular and talus-covered 
slope; some pale-green (5G 7/2) claystone exposed on 
slope; probably includes part oj' Morrison Formation. 

Total Dakota Sandstone 

UPPER JURASSIC: 
Morrison Formation: 

Brushy Basin Member: 
40. Sandstone: Pale-olive (lOY 6/2); fine- to medium

grained; poorly sorted; composed of Bubangular, clear 
quartz; rare red and common yellow and black acces
sory minerals; weaJdy cemented, calcareous; massive; 
weathers blocky; forms a poorly developed ledge; con
tains abundant quartz granules; commonly contains 
arglllaceous material; base is sharp and irregular. 

39. Claystone: Variegated pale-green (5G 7/2), medium
light-gray (N 6), grayish-red (5R 4/2), and grayish
red-purple (5RP 4/2); flat, laminated; weathers hacl<ly; 
forma a l'egulal' slope; base is flat. 

38. Sandstone: Grayish-orange-pink (5YR 7/2); very fine to 
medium-grained: poorly sorted; composed of subround
ed to Bubangular, clear quartzj rare green, red, and 
blscl, accessory minerals; weakly cemented, calcare
ous: simple and trough crossbedding, high-angie and 
medium .. scale croBsbedsj for InS a regular slope; con .. 
tains abundant zones of quartz granules; buse is flat. 

37. Sandstone: Grayish-olive-green (5GY 3/2); fine- to me
dium-grained; poorly sorted; composed of subangular, 
clear and green-stained quartz; abundant yellow nnd 
rare red and blacl<. acce9Bory rninel'als: wcl1~cementedj 
calcareous; flat, very thin bedded; weathel's blocky; 
forms a ledge; commonly contains quartz granules and 
urglllaceoue material; base is irregular. 

36. Siltstone: Light-gray (N 7); paody sorted; composed of 
subrounded to subangulnr, clear quutz; rare red and 
blach: accessory minerals; weakly cemented, calcare
ous; flat, inegular, very thin bedded; weathers blocky; 
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Table 3. ~-Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah~Continued 

UPPEOR JURASSIC-Continued Feet 
Morrison Formation-Continued 

Brushy Basin Member-Continued 
forms a regular slope; base is gradational. 15. 5 

35. Limy sandstone: Light-greenish-gray (5G 8/1); very 
fine to coarse-grained; composed of subangular, clear 
quartz; rare green and red-stained accessory miner
als; weakly cemented; massive; weathers rounded; 
forms a regular slope; commonly contains argillaceous 
material; common to abundant quartz granules; base 
Is sharp. ~ 

Total Brushy Basin Member 65. 5 

Westwater Canyon Member: 
34. Sandstone: Moderate-reddish-brown (lOR 4/6); fine- to 

coarse-grained; poorly sorted; composed of subround
ed to subangular, clear and frosted quartz; rare red 
and black accessory minerals; firmly cemented; mas
sive; weathers blocky; forms a vertical and irregular 
cliff; contains small pebbles that are concentrated 
along bedding planes and in pockets; some fragments 
of feldspar; base is sharp and irregular. 83.5 

33. Claystone and sandstone: Same as unit 26. 20 
32. Sandstone: Dusky-red (5R 3/4); fine to very coarse 

grained; poorly sorted; composed of subrounded to 
subangular. stained quartz; rare feldspar and white 
and black accessory minerals; weakly cemented, cal
careous; trough crossbedding, low-angle and large-
scale crossbeds; weathers smooth and rounded; forms 
a rounded cliff; contains rare quartz pebbles, which 
are more numerous at base; base is flat. 25 

31. Sandstone: Moderate-reddish-brown (lOR 4/6); fine
grained; poorly sorted; composed of subrounded to 
subangular, stained quartz; rare white and black ac
cessory mineralS; weakly cemented; simple and 
trough crossbedding, medium-scale crossbeds; weath
ers blocky; forms a vertical and irregular cliff; con
tains abundant quartz granules; a mottled mudstone 
lens, 4 feet thick, is 30. 5 feet above base; base is 
sharp and irregular. 37 

Total Westwater Canyon Member 165.5 
Recapture Shale Member: 

30. Claystone and sandstone: Same as unit 26; becomes 
predominantly sandstone near top. 142 

Tongue of Cow Springs Sandstone: 
29. Sandstone: Grayish-yellow-green (5GY 7/2); fine

grained; fair-sorted; composed of subrounded to sub
angular, clear and stained quartz; rare black acces
sory minerals; well-cemented, highly calcareous; 
massive; partly crossbedded with simple and trough 
crossbedding, high-angle and large-scale crossbeds; 
weathers smooth, rounded, and knobby; forms a 
rounded cliff; contains a few lenses of well-rounded. 
mediums clear quartz grains embedded in a claystone 
matrix; base is sbarp and flat. 88 

Recapture Shale Member continued: 
28. Claystone and sandstone: Same as unit 26. 5.5 
27. Sandstone: Same as unit 24. 13.5 
26. Claystone and sandstone, alternating. 

Claystone: Dark-reddish-brown (lOR 3/4); flat, lami
nated; weathers hackly; forms an irregular slope; 
base is sharp and flat. 

Sandstone: Light-gray (N 7); fine-grained; falr
sorted; composed of subrounded to subangular. 
clear quartz; rare black accessory minerals; 
weakly cemented, highly calcareous; flat, very 
tbin bedded; weathers blocky; forms a poorly 
developed ledge; contains rare zones of red-
stained quartz; base is irregular. 8.5 

25. Sandstone: Very light gray (N 8); fine-grained; poorly 
sorted; composed of subrounded to subangular, clear 
quartz; common black accessory minerals; flat, irregu
lar, very thin bedded units alternate with units contain
ing simple and trough crossbedding, medium-scale 
cro8sbeds; weathers smooth, lamination planes are 
etched; forms an irregular and rounded cliff; base is 
sharp and flat. 47.5 

24. Sandstone: Pale-yellowish-brown (lOYR 6/2); flne
grained; fair-sorted; composed of subangular. clear 
and stained quartz; rare purple and black accessory 
minerals; weakly cemented; simple and trough cross
bedding. high-angle and medium-scale crossbeds. 

23. Sandstone: Light-brown (5YR 6/4); very fine grained; 
fair-sorted; composed of subangular, stained quartz; 
common black accessory minerals; weakly cemented. 
calcareous; flat, very thick bedded; weathers smooth 
and rounded; forms a vertical and rounded cliff; base 
Is flat. 63.5 

22, Sandstone: Same as unit 21; simple crossbedding, me-
dium- to large-scale crossbede. 40 

21. Sandstone: Moderate-reddish-brown (lOR 4/6) and light-
brown (5YR 6/4), alternating. 

Sandstone: Moderate-reddish-brown (lOR 4/6); silt 
to very fine grained sand; poorly sorted; com
posed of subangular, clear and stained quartz; 
common black accessory minerals; weakly ce
mented, calcareous; massive; weathers smooth 
and rounded; forms a rounded cliff; color bands; 
base is concealed. 

Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; fair-sorted; composed of subrounded to 
subangular, clear and stained quartz; rare black 
accessory minerals; weakly cemented, calcare
ous; massive; weathers smooth and rounded; 

UPPER JURASSIC: Feet 
Morrison Formation: 

Westwater Canyon Member: 
51. Sandstone: Very light gray (N 8); very fine to coarse

grained; poorly sorted; composed of Bubrounded to 
subangular, frosted quartz; rare red accessory min
erals; poorly cemented; trough crossbedding, low
angle and large-scale crossbeds; forms a rounded, 
vertical cliff; commonly contains argillaceous ma
terial and lenses of rounded pebbles composed of 
chalcedony, jasper, and quartz; base is flat. 29 

50. Siltstone: Light-olive (lOY 5/4); poorly sorted; com
posed of frosted and amber quartz; rare red aCCes
sory minerals; firmly' cemented, highly calcareous; 
flat, very thin bedded; forms a ledge; contains rare 
argillaceous material; base is gradational. 

49. Siltstone and mudstone: Pale-red-purple (5RP 6/2), 
dark-yellowish-green (lOGY 4/4), and gray!sh-red
purple (5RP 4/2); poorly cemented; laminated to very 
thin bedded; forms an irregUlar slope; baBe is irregu-
lar. 11 

48. Sandstone: Moderate-reddish-brown (lOR 5/6); very 
fine to coarse-grained; poorly sorted; compoaed of 
subrounded to subangular, white and red-stained quartz; 
rare black accessory minerals; poorly cemented; trough 
crOSSbedding, low-angle and large-scale cr08sbeds; 
forms a rounded cliff; contains lenses of rounded peb
bles composed of chalcedony, jasper, and quartz, and 
subrounded siltstone pebbles; contains large boulders 
of pale-reddish-purple (5RP 6/2) conglomerate with 
random arrangement throughout the unit, 1 to 4 feet 
in diameter, and described as follows: 

Matrix: Sandstone; very fine to coarse-grained; 
poor ly sorted; compos ed of subrounded to Bub
angular quartz; common red and black accessory 
minerals. 

Gravel: Subrounded to subangular pebbles composed 
of quartz, chalcedony, and jasper; pebbles are 
t to 1 inch in diameter. 

Base is irregular. 120 
47. Sandstone: Moderate-reddish-brown (lOR 5/6); contains 

granite pebbles. 34 
46. Sandstone: Pale-reddish-brown (lOR 5/4>; very fine to 

very coarse grained; poorly sorted; composed of sub
rounded to subangular quartz; poorly cemented; flat, 
irregular, very thin bedded; forms a parting between 
massive units; contains random clay galls and irregu-
lar mudstone pockets; base is irregular. 4 

45. Sandstone: Pale-reddish-brown (lOR 5/4); fine- to me
dium- grained; poorly sorted; composed of subangular, 
frosted and red -stained quartz which is spotted white 
by argillaceous material; poorly cemented; trough 
crOSSbedding, small-scale crossbeds; forms a ver-
tical. irregular cliff; base is flat. 11 

44. Sandstone: Pale-red-purple (5RP 6/2); very fine to me
dium-grained; poorly sorted; composed of Bubrounded 
quartz; common black accessory minerals; poorly ce
mented; gnarly, irregularly bedded; forms a rounded 
ledge; commonly contains argillaceous material; rare 
rounded pebbles of white and black quartz, t to It 
inches in diameter; abundant carbonaceous plant ma-
terial and c'ommon petrified wood; base is irregular. 8 

Total Westwater Canyon Member 218 

-Tongue of Cow Springs S§indstone: \ 
43. Sandstone: Moderate-pink (5R 7/4); very fine to fine

grained; poorly sorted; c0mposed of subrounded. 
frosted quartz; rare black accessory minerals; poorly 
cemented; trough crossbedding, low-angle and large
scale crossbeds; forms a rounded to vertical cliff; 
commonly contains argillaceous material; base is flat. 104 

42. Sandstone: Pale-greenish-yellow (lOY 8/2); very fine to 
fine-grained; poorly sorted; composed of subangular, 
frosted quartz; rare red and black accessory minerals; 
poorly cemented; unit is a coset; flat-bedded; trough 
crossbedding, large-scale crossbeds near base; forms 
a rounded cliff; contains a zone of nodules, t to t inch 
in diameter, near,top; base is flat. 126 

Total tongue of Cow Springs Sandstone 230 
Recapture Shale Member: 

41. Mudstone: Dark-reddish-brown (lOR 3/4); firmly ce
mented; structureless; weathers massive; forms a 
slope; base is flat. 

40. Sandy limestone: Light-greenish-gray (5GY 8/1); apha
nitic to medium crystalline; limestone matrix contains 
quartz and rare black accessory minerals; firmly ce
mented; Irregular, flat-bedded; forms Ii weak ledge; 
base is irregular. 

39. Siltstone: Dark-reddish-brown (lOR 3/4); cQrnposed of 
quartz; firmly cemented; laminated, flat-bedded; forms 
a slope. 

38. Sandy limestone: Grayish-red (5R 4/2); medium crystal
line; limestone matrix contains quartz; forms a weak 
ledge. 11 

37. Siltstone: Same as unit 39. 7 
36. Silty sandstone: Dark-gray (N 3); silt to very fine grained 

sand; poorly sorted; composed of rounded, green-
stained quartz; rare red and black accessory minerals; 
firlnly cemented; weathers massive; forms a. slope; 
bas e is flat. 

35. Sandstone: White (N 9), weathering pale brown (5YR 5/2); 
flne-gralned; fair-sorted; composed of subangul .. r, 
clear and frosted quartz; common red and black o.cces
sory mineralS; low-angle and medium-scale crossbeds; 



forms a rounded cliff; baBe is sharp and flat. 
20. Covered interval: Forms a regular slope. 

Total Recapture Shale Member (including 
tongue of Cow Springs Sandstone) 

Total Morrison Formation 

Summerville Formation: 
Sandy facies: 

18. Sandstone: Moderate-brown (5YR 4/4); very fine to fine
grained; poorly sorted; composed of subrounded to 
subangular, clear and stained quartz; rare red and 
common black accessory minerals; firmly cemented, 
calcareous; massive; weathers smooth and rounded; 
forms a rolling slope; commonly contains angular 
magnetite; base is concealed. 

lB. Covered interval: Forms an irregular slop.e. 

Total Summerville Formation 

Todilto Limestone: 
17. Limestone: Olive-gray (5Y 4/1); coarsely crystalline; 

flat, irregular, very thin bedded; weathers pitted; 
forms an irregular ledge; base is irregular. 

16. Limestone: Light-olive-gray (5Y 6/1); aphanitic; flat, 
irregular, very thin bedded; weathers flaggy; forms 
an irregular and vertical ledge; caps mesas and buttes; 
base is irregular. 

15. Limy sandstone: Yellowish-gray (5Y 7/2); fine-grained; 
poorly sorted; composed of 8ubangular l clear quartz; 
rare red and black accessory mineral-s; weakly ce
mented l highly calcareous; flat, irregular, very thin 
bedded; weathers blocky; forms a slight recess below 
units 16 and 17; base is irregular. 

Total Todilto Limestone 

Entrada Sandstone: 
Upper sandy member: 

1-!. Sandstone: Same as unit 6, 
13. Sandstone: Same as unit 5. 
12. Sandstone: Same as unit 6. 
11. Sandstone: Same as unit 5. 
10. Sandstone: Same as unit 6. 
9. Sandstone: Same as unit 5. 
8. Sandstone: Same as unit 6; simple and trough crossbed

ding, small-scale crossbeds in upper part of unit. 
7. Sandstone: Same as unit 5. 
6. Sandstone: Same as unit 5; splits fissile; lenticular, 

flat-bedded. 
5. Sandstone: Light-brown (5YR 6/4), weathering light 

brown (5YR 5/6); very fine to fine-grained; fair
sorted; composed of subrounded, stained quartz; 
rare black accessory minerals; weakly cemented, 
calcareous; simple and trough crossbedding, medium
to large-scale crossbeds; weathers smooth and round
ed; forms a rounded cliff with units 6 to 14; contains 
rare quartz granules; base is flat and irregular. 

Total upper sandy member 

Medial silty member: 
4. Sandstone: Moderate-brown (5YR 4/4); silt to very fine 

grained sand; poorly sorted; composed of subangular, 
clear and stained quartz; common black accessory min
erals; firmly cemented, calcareous; massive; Weathers 
knobby and into hoodoos; forms a vertical and rounded 
cliff; mottled with streaks of light gray (N 7); contains 
a light-gray (N 7) band, half a foot wide, at top of unit; 
base is flat. 

Total Entrada Sandstone 

C;PPER TRIASSIC: 
Il'ingate Sandstone: 

Lukachukai Member: 
3. Sandstone: Light-brown (5YR 6/4); fine- to medium

grained; fair-sorted; composed of subrounded, clear 
and stained quartz; rare black accessory minerals; 
weakly cemented; simple and trough crossbedding, 
medium- to large-scale crossbeds; Weathers smooth 
and rounded; forms a rounded cliff; weathering of 
calcite-filled joints gives a boxlike effect; base is 
concealed. 

2. Covered interval: Forms a rolling slope. 

Total Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

1. Limestone: Mottled pale-red-purple (5RP 6/2) and light
greenish-gray (5G 8/1); aphanitic; gnarly, irregular, 
very thin bedded; weathers blocky; forms an irregular 
ledge; base is concealed. 

58, -Fort Wingate 

A. -1 mile north of Fort Wingate Station, 11 miles east of Gallup 

[Measured by J. W. Harshbarger, R. L. Jackson, 
and S. A. Johnson] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone (incomplete): 

52. Sandstone: Dark-yellowish-orange (lOYR 6/6); fine- to 
medium-grained; poorly sorted; composed of subround
ed to subangular, frosted quartz; rare white accessory 
minerals; poorly cemented; unit is a coset; irregular, 
flat-bedded; trough crossbedding, low-angle and small
scale crossbeds; forms an irregular cliff; commonly 
contains quartz granules and plant and carbonaceous 
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UNCONFORMITY: Concealed. 

forms a ledge; contains some argillaceous material; 
base is irregUlar. 

34. Sandstone: Mottled light-gray (N 7), green, and red; very 
flne grained; poorly sorted; composed of subrounded, 
clear and frosted quartz; abundant green and red, and 
rare black accessory mineralS; weakly cemented; very 
thin bedded; forms a steep slope; base is flat. 19 

33. Silty sandstone: Same as unit 36. 1 

Total Recapture Shale Member 60 
Total Morrison Formation (including 

tongue of Cow Springs Sandstone) 508 

Cow Springs Sandstone: 
32. Sandstone: Very Ught gray (N 8) and pale-reddish-brown 

(lOR 5/4), weathering light olive gray (5Y 6/1) and pale 
brown (5YR 5/2) respectively; very fine grained; fair
sorted; composed of subrounded quartz; common am
ber and black accessory minerals; weakly cemented; 
unit is a flat, very thin to thick-bedded coset; sets 
contain trough crossbedding, low-angle and small- to 
medium-scale crossbeds; forms a rounded to vertical 
cliff; base is irregular. 

31. Sandstone: Light-brown (5YR 6/4); very fine grained; 
fair-sorted; composed of subrounded to subangular, 
clear and frosted quartz; rare red and black accessory 
minerals; weakly cemented; laminated; trough cross
bedding, large-scale crossbeds; forms a ledgy slope; 
base is irregular. 6 

30. Sandstone: Same as unit 32. 14 
29. Sandstone: Same as unit 31. 29 
28. Sandstone: Same as unit 32. 137 

Total Cow Springs Sandstone 195 

Summerville Formation: 
Sandy facies: 

27. Sandstone: Light-brown (5YR 6/4); very fine grained; 
poorly sorted; composed of subangular, clear and 
amber quartz; common black accessory minerals; 
weakly cemented; weathers massive; unit is capped 
by a 6-inch, highly calcareous, sandstone ledge; simi
lar ledge, 8 inches thick, is 9 feet below top of unit; 
base is irregular. 40 

26. Sandstone: Light-brown (5YR 6/4); very fine grained; 
poorly sorted; composed of subrounded, clear and 
amber quartz; common black and rare red accessory 
minerals; weakly cemented; flat-bedded; unit is a co
set; sets of small-scale crossbeds; forms a promi
nent ledge; base is irregular. 

25. Sandstone: Light-brown (5YR 6/4); very fine to fine
grained; fair-sorted; composed of subrounded, white 
and amber quartz; common black accessory minerals; 
weakly cemented; weathers massive; forms a rounded 
cliff; base is irregular. 

24. Sandstone: Dark-reddish-brown (lOR 3/4); very fine 
grained; poorly sorted; composed of subrounded to 
subangular, amber quartz; common black accessory 
minerals; \veakly to firmly cemented; flat, irregular, 
thin-bedded; weathers shaly and hackly; forms a slope; 
base is irregular. 

Total Summerville Formation 57 

Todilto Limestone: 
23. Limestone: Light-olive-gray (5Y 6/1); medium crystal

line; firmly cemented; flat, irregular, very thin to 
thin-bedded; forms a ledge which caps mesa; unit is 
sandy toward base, described as follows: 

Basal sandy zone (l inch thick): Light-gray (N 7) 
limestone; fine-grained; poorly sorted; sub
rounded grains; contains common amber quartz 
and rare black accessory minerals. 

Entrada Sandstone: 
Upper sandy member: 

22. Sandstone: Light-brown (5YR 6/4); very fine grained; 
fair to poorly sorted; composed of subangular quartz; 
common black accessory minerals; firmly cemented; 
asymmetrical trough crossbedding, large-scale cross-
beds; forms a rounded and vertical cliff. 31 

21. Sandstone: Light-brown (5YR 6/4); very fine grained; 
fair to poorly sorted; composed of subangular quartz; 
common black accessory minerals; unit is a coset; 
flat-bedded; sets of very small scale crossbeds, about 
3 inches long; forms a rounded and vertical cliff. 10 

20. Sandstone: Same as unit 22. 4 
19. Sandstone: Same as unit 21; contains conspicuous niche 

6 feet above base. 21 
18. Sandstone: Same as unit 22. 3 
17. Sandstone: Same as unit 21. 7 
16. Sandstone: Same as unit 22. 7 
15. Sandstone: Same as unit 21. 18 
14. Sandstone: Light-brown (5YR 6/4); very fine grained; 

poorly sorted; composed of subangular quartz; rare 
black accessory minerals; weakly cemented; trough 
crossbedding, medium-scale crossbeds. 2 

13. Sandstone: Same as unit 21. 32 
12. Sandstone: Same as unit 22 but contains a bleached zone 

about 1 foot thick at base; base is irregular. 118 

Total upper sandy member 253 

Medial silty member: 
11. Siltstone: Pale-reddish-brown (lOR 5/4); poorly sorted; 

composed of subangular quartz; common black acces
sory minerals; firmly cemented; very thin bedded; 
weathers fissile to shaly; forms a hoodoo cliff; 1-inch 
layer of mudstone near base; 4-inch band 8 feet 
above base, described as follows: 

Sandstone: Yellowish-gray (5Y 7/2); firmly ce
mented, siliceous; very thin bedded; forms a 

140 



Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations. Arizona. New Mexico. and Utah-Continued 

UPPER JURASSIC-Continued 
Entrada Sandstone-Continued 

Medial silty member-Continued 
ledge; base is irregular. 

Base of entire unit is flat. 

Total Entrada Sandstone 

UNCONFORMITY: Not apparent in most areas. 
UPPER TRIASSIC: 

Wingate Sandstone: 
Lukachukai Member: 

10. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; fair-sorted; composed of subangular. 
white and amber quartz; rare green and black acces
sory minerals; weakly cemented; unit is a coset; 
parallel. flat-bedded; upper part of unit contains 
wedge planar crossbedding. high-angle and medium
Bcale croBsbeds; forms a rounded cliff; contains a 
thin claystone parting (i to t inch thick) 21 feet above 
base that forms conspicuous niche; base is flat. 

9, Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; fair-sorted; composed of subangular, 
white and amber quartz; rare green and black acces
sory minerals; weakly cemented; wedge planar cross
bedding. high-angle and large-scale crossbeds; forms 
Ii rounded cliff; base is flat. 

8. Sandstone: Same as unit 9; flat-bedded. 
7, Sandstone: Same as unit 9. 
6. Sandstone: Same as unit 9; flat-bedded coset with occa

sionsllow-angle crossbedded sets. 
5. Sandstone: Same as unit 9. 
4. Sandstone: Very light gray (N 8); very fine grained; 

poorly sorted; composed of subrounded quartz; rare 
red and black accessory minerals; weakly cemented; 
friable; flat. irregular. very thin bedded; forms a 
slope; base is flat. 

3. Sandstone: Pale-reddish-brown (lOR 5/4); fine- to 
coarse-grained; poorly sorted; composed of subround
ed to subangular. clear and white quartz in a matrix of 
very fine grained, red-stained sand; firmly cemented; 
irregular. flat-bedded; forms a weak ledge; base is 
irregular. 

Total Wingate Sandstone 

Unconformity: Erosional relief. 3 feet; overlain by pebbles of 
reworked Chinle Formation. 

Chinle Formation: 
2, Mudstone: Banded li,!!ht-greenish-gray (5GY 8/1) and 

grayish-red (5R 4/2); composed of clay and silt; weakly 
cemented; irregular, flat-bedded; forms a slope; base 
is irregular. 

1. Limestone: Pale-red-purple (5RP 6/2); contains some 
medium crystalline calcite and silt; irregular. flat
bedded; weathers blocky; forms a ledgy slope. 

Total incomplete Chinle Formation 

B. -Fort Wingate Ordnance Depot. 
9 miles east-southeast of Gallup 

[Measured by J. W. Harshbarger. R. L. Jackson. 
and S. A. Johnson] 

UPPER TRIASSIC: 
Chinle Formation: 

Owl Rock Member: 
33, Limestone: Light-brownish-gray (5YR 6/1); finely crys

talline; flat. irregular. very thin to thick-bedded; 
forms a prominent ledgej base is irregular. 

32. Mudstone: Same as unit 26. 
31. Limestone: Mottled light-gray (N 7) and pale-red-purple 

(5RP 6/2); aphanitic; irregular. flat-bedded; weathers 
knobby; forms a poorly developed ledge. 

Total incomplete Owl Rock Member 

Petrified Forest Member. upper part: 
30. Mudstone: Same as unit 26. 
29. Sandy limestone: Same as unit 27. 
28. Mudstone: Same as unit 26. 
27. Sandy limestone: Pale-red-purple (5RP 6/2); finely crys

talline. some silt; flat-bedded; weathers blocky; forms 
an irregular ledge; base is flat. 

26. Mudstone: Mottled light-greenish-gray (5G 8/1) and dark
reddish-brown (lOR 3/4); massive; gnarly; weathers 
hackly; forms an irregular slope; base is flat. 

25, Sandstone: Grayish-red-purple (5RP 4/2); very fine 
grained; poorly sorted; composed of subangular. 
stained quartz; mica and black accessory minerals; 
firmly cemented. slightly calcareous; simple and 
trough crossbedding. low-angle and medium-scale 
crossbeds; weathers blocky; forms a poorly developed 
ledge; contains rare argillaceous material; base is 
flat. 

24. Covered interval. 
23. Sandstone: Light-olive-gray (5Y 6/1); very fine to fine

grained; fair-sorted; composed of subrounded to sub
angular. frosted quartz; abundant black and rare red 
accessory minerals; firmly cemented. slightly calcar
eous; simple and trough crossbedding. low-angle and 
medium-scale crossbedsj weathers blocky; forms an 
irregular ledge; commonly contains argillaceous ma
terial; a few siltstone and claystone granules along 
bedding planes; more calcareous in upper part of 
unit; base is gradational. 

22, Silty conglomerate: Irregular. flat-bedded; weathers 
rounded and pitted; base is gradational. 
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UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member, lower part-Continued 
3. Claystone: Mottled grayish-yellow-green (5GY 7/2) and 

dark-reddish-brown (lOR 3/4); flat. irregular. lami
nated; weathers hackly; forms a steep slope; green 
mottling gives effect of very poor banding; base is flat. 

2. Siltstone: Yellowish-gray (5Y 7/2); poorly sorted; sub
angular grains; rare red and common black accessory 
minerals; firmly cemented, slightly calcareous; flat, 
irregular, laminated; forms a poorly developed ledge; 
base is concealed. 

1. Covered interval: Forms an irregular and smooth elope. 

Total lower part of the Petrified Forest 
Member 

Total Petrified Forest Member 
Total incomplete Chinle Formation 

C. -2 miles south of Fort Wingate Station. 
10 miles east-southeast of Gallup 

[Measured by J. W. Harshbarger. R. L. Jackson. 
and S. A. Johnson] 

UPPER TRIASSIC: 
Chinle Formation: 

Lower red member: 
12. Sandstone: Grayish-orange-pink (5YR 7/2). weathering 

light brown (5YR 5/6); very fine grained; fair-sorted; 
composed of subrounded, clear quartz; common black 
accessory minerals; firmly cemented, siliceous; sim
ple and trough crossbedding. high-angle and medium
scale crossbeds; weathers smooth and rounded; forms 
a rounded ledge; base is irregular. 

11. Conglomerate: Unit is massive; weathers knobby; forms 
an irregular ledge; base is irregular. 

Matrix: Very fine to medium-grained; poorly sorted; 
composed of suhangular, clear and frosted quartz; 
common black accessory minerals. 

Gravel: Composed of subangular limestone and silt
stone pebbles, ito 1 inch in diameter. 

10. Claystone: Dark-reddish-brown (lOR 3/4); flat. lami
nated; weathers hackly; forms a rolling slope; base 
is gradational. 

9. Claystone: ReddiSh-brown; flat, laminated; weathers 
hackly; forms a rolling slope; base is concealed. 

8. Covered interval: Forms a long, gentle, and irregular 
slope. 

Total lower red member 
Shinarump Member: 

7. Conglomerate: Very pale orange (lOYR 8/2). weathering 
dark reddish brown (lOR 3/4); massive; lenticular; 
weathers smoot~, rounded, and blocky; forms a ledge 
and slope; base is irregular. 

Matrix: Very fine to very coarse grained; poorly 
sorted; composed of subrounded to subangular, 
clear, frosted, and stained quartz; rare feldspar 
and red accessory minerals; firmly cemented, 
noncalcareous. 

Gravel: Composed of subrounded to subangular 
~uartz. jasper. chalcedony. and feldspar pebbles. 
2" to 2t inches in diameter; pebble surfaces are 
smooth. frosted. and pitted. 

6. Mudstone: Mottled light-brown (5YR 6/4) and grayish
purple (5P 4/2); clay and silt; firmly cemented; mas
sive; irregularly bedded; weathers hackly; forms a 
ledge and slope; base is irregular. 

Total Shinarump Member 
Total Chinle Formation 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

5. Sandstone: Yellowish-gray (5Y 7/2). weathering reddish 
brown; silt to very fine grained sand; poorly sorted; 
composed of subrounded to 8ubangular, clear quartz; 
rare red and common black accessory minerals; firm~ 
ly cemented, noncalcareousj wedge trough crossbed
ding, low-angle and small-scale cro9sbedsj weathers 
smooth to rounded; forms a poorly developed ledge; 
base is sharp and irregular. 

4. Claystone: Dark-reddish-brown (lOR 3/4); flat. lami
nated; weathers hackly; forms an irregular slope; 
base is irregular. 

Total Moenkopi Formation 

PERMIAN: 
San Andres Limestone: 

3. Limestone: Grayish-orange-pink (5YR 7/2). weathering 
gray; finely crystalline; rare manganese accessory 
minerals; thick to very thick bedded; weathers pitted; 
forms an irregular and vertical cliff; well-developed 
jointing; rare molluscan fauna. fossils are poorly pre
served; base is flat. 

2. Silty dolomitic limestone: Light-brown (5YR 6/4). weath
ering light brown (5YR 6/4); aphanitic; massive; weath
ers blocky; forms a vertical and irregular ledge; con
tains calcite geodes. half an inch in diameter; base is 
irregular. 

Total San Andres Limestone 

Glorieta Sandstone: 
1. Sandstone: Moderate-orange-pink (lOR 7/4). weathering 

moderate brown (5YR 4/4); very flne grained; well
sorted; composed of rounded to subrounded. clear 
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21. 
20. 
19. 

18. 

17. 

16. 

15. 

14. 

13. 

12. 

II. 
10. 

9. 

Matrix: Light-greenish-gray (5G 8/1); silt to me
dium-grained sand; poorly sorted; composed of 
subangular, frosted quartz; common black and 
red accessory minerals; firmly cemented, cal
careous; commonly contains argillaceous material. 

Gravel: Composed of subangular to angular, pale
reddish-brown (lOR 5/4) to dark-reddish-brown 
(lOR 3/4) siltstone and claystone pebbles, t to t 
inch in diameter. 

Claystone: Dark-reddish-brown (lOR 3/4). 
Claystone: Same as unit 18. 
Mudstone: Grayish-red (5R 4/2); clay, silt, and some 

very fine grained sand; composed of white and amber 
quartz; common mica and rare black accessory min
erals; weakly cemented, highly calcareous; laminated, 
flat-bedded; weathers smooth; forms a slope; base is 
irregular. 

Claystone: Mottled light-greenish-gray (5G 8/ I) and gray
ish-red-purple (5RP 4/2); some fine-grained sand; ir
regular, laminated; weathers hackly; forms an irregu
lar slope; base is gradational. 

Mudstone: Mottled light-greenish-gray (5G 8/1) and gray
ish-red-purple (5RP 4/2); clay and silt; trough cross
bedding, low-angle and small-scale crossbeds; weath
ers hackly; forms an irregular slope; base·is grada
tional. 

Conglomerate: Unit is massive; weathers gnarly; forms 
an irregular slope; to the south of section unit includes 
lenticular sandstone beds 5 feet thick and 25 to 200 feet 
long, which beds have fluviatile characteristics; base 
is irregular. 

Matrix: Clay to fine-grained sand; poorly sorted; 
composed of subangular, white, amber, and clear 
quartz; rare black accessory minerals; weakly 
cemented, calcareous; abundant argillaceous 
material. 

Gravel: Composed of subangular to angular silt
stone, limestone, and quartz pebbles, i to 1 inch 
in diameter; siltstone and limestone pebbles pre
dominate. 

Claystone: Mottled light-greenish-gray (5G 8/ I) and 
moderate-reddish-brown (lOR 4/6); irregular, lami
nated; weathers hackly; forms an irregular slope; 
contains subangular quartz granules; base is irregu
lar and gradational. 

Claystone: Variegated light-~reenish-gray (5G 8/1) and 
grayish-red-purple (5RP 4/2); irregular, laminated; 
weathers hackly; forms an irregular slope; base is 
irregular. 

Limy sandstone: Variegated light-greenish-gray (5G8/1) 
and pale-red-purple (5RP 6/2); silt and very fine 
grained sand; poorly sorted; composed of subangular 
to angular, white and amber quartz; common black 
accessory minerals; well-cemented, highly calcare
ous; irregular, flat-bedded; weathers blocky; forms 
a poorly developed ledge; commonly contains argilla-
ceous material; base is irregular. 

Claystone: Grayish-red-purple (5RP 4/2); irregularly 
bedded; weathers hackly; forms an irregular slope; 
base is concealed. 

Covered interval. 
Sandstone: Pale-red-purple (5RP 6/2), weathering light 

brown (5YR 6/4); very fine to fine-grained; poorly 
sorted; composed of subangular, amber, clear, and 
smoky quartz; abundant black and rare green accessory 
minerals; well-cemented; flat, irregular, thin-bedded; 
weathers blocky; forms an irregular ledge; commonly 
contains argillaceous material; base is gradational. 

Mudstone: Grayish-red-purple (5RP 4/2); clay and silt; 
common mica accessory mineral; firmly cemented, 
noncalcareous; irregular. laminated; weathers hackly; 
forms a ledge and slope; base is irregular. 

Total upper part of the Petrified Forest 
Member 

Petrified Forest Member, Sonsela Sandstone Bed: 
8. Sandstone: Grayish-orange-pink (5YR 7/2); fine-grained; 

well-sorted; composed of rounded to subrounded, clear 
and frosted quartz; rare green accessory minerals; 
weakly cemented, siliceous; simple and trough croSs
bedding, low-angle and medium- to large-scale cross
beds; weathers blocky; forms a vertical cliff; contains 
quartz granules concentrated along crossbedding planes; 
some secondary quartz growth in lower part; rare ar
gillaceous material; base is irregular. 

7. Limestone: Pale-olive (lOY 6/2); medium-grained; flat, 
thin-bedded; weathers blocky; forms a ledge; base is 
flat. 

6. Silty sandstone: Pinkish-gray (5YR 8/1); silt to coarse
grained sand; poorly sorted; composed of sub angular 
to angular, clear and frosted quartz; massive; weath
ers smooth and rounded; forms a poorly developed 
ledge; contains abundant quartz granules; conglom
eratic at base with pebbles t to 1 inch in diameter; 
base is irregular and gradational. 

Total Sonsela Sandstone Bed of the 
Petrified Forest Member 

Petrified Forest Member, lower part: 
5. Claystone: Light-gray (N 7) and very dusky red purple 

(5RP 2/2); massive; weathers hackly; forms a steep, 
rolling slope; base is sharp. 

4. Mudstone: Mottled pale-red-purple (5RP 6/2) and gray
ish-green (5G 5/2); clay and silt; irregular, laminated; 
forms a steep, rolling slope; contains pale-greenish
gray (5G 6/1) siltstone that has trough crossbedding 
with low-angle crossbeds; siltstone forms ledges and 
occurs at base and 15 feet above base; base is sharp 
and flat. 
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quartz; rare black accessory minerals; well-cemented, 
s!liceous; flat, thin- to thick-bedded; weathers blocky; 
forms a vertical cliff; base is concealed. 

59. -Thoreau 

A. -2 miles northwest of Thoreau 
120-9.0-0.6 

[Measured by R. L. Jackson and S. A. Johnson] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

28. Sandstone: Yellowish-gray (5Y 7/2), weathering mod
erate brown (5YR 4/4); fine- to medium-grained; fair
sorted; composed of subangular, clear quartz; firmly 
cemented, noncalcareous; trough crossbedding, high
angle and medium-scale crossbeds; weathers blocky; 
forms a vertical cliff; contains rare clay galls; rare 
red-stained quartz; base is flat. 

27. Carbonaceous shale and coal: Gray and black (N 1); flat, 
laminated; weathers hackly; forms a regular slope; 
base is concealed. 

Total incomplete Dakota Sandstone 

UPPER JURASSIC: 
Morrison Formation: 

Brushy Basin Member: 
26. Covered interval: Forms an irregular and talus-covered 

slope. 
25. Sandstone: Yellowish-gray (5Y 7/2); fine- to medium

grained; poorly sorted; composed of subrounded to sub
angular, clear and stained quartz; rare red, green, 
white, and black accessory minerals; weakly to firmly 
cemented, calcareous; massive; weathers smooth and 
rounded; forms a rounded ledge; commonly contains 
argillaceous material; base is concealed. 

24. Covered interval: Forms an irregular and talus-covered 
slope. 

23. Claystone: Very pale green (JOG 8/2), medium-light-gray 
(N 6), grayish-red-purple (5RP 4/2), and grayish-red 
(5R 4/2), variegated; flat, laminated; weathers hackly; 
forms an irregular slope; base is irregular. 

Total Brushy Basin Member 
Westwater Canyon Member: 

22. Sandstone: Grayish-orange-pink (5YR 7/2); very fine to 
coarse-grained; poorly sorted; composed of subrounded 
to sub angular, clear, white, and stained quartz; rare 
red and black accessory minerals; massive; simple and 
trough crossbedding, low-angle and medium- to large
scale crossbeds; weathers blocky; forms an irregular 
and vertical cliff; contains abundant feldspar granules; 
pockets of conglomerate composed of subangular feld
spar, quartz, and jasper pebbles, i to 1 inch in diam
eter; commonly contains argillaceous material; base 
is irregular. 

Recapture Shale Member: 
21. Sandstone and claystone, interbedded: Forms an irregu

lar cliff; claystone is prominent at base and grades 
upward into sandstone which is predominant at top. 

Sandstone: Very light gray (N 8); very fine to fine
grained; poorly sorted; composed of subangular, 
clear quartz; rare red and black accessory min
erals; weakly cemented, calcareous; flat-bedded; 
trough crossbedding, low-angle and small-scale 
cros sbeds; weathers blocky; base is irregular. 

Claystone: Dark-reddish-brown (JOR 3/4); flat, 
laminated; weathers hackly. 

Total Morrison Formation 
Cow Springs Sandstone: 

20. Sandstone: Light-greenish-gray (5G 8/1); fine-grained; 
fair-sorted; composed of subangular, clear quartz; 
rare mica and red and black accessory minerals; firm
ly cemented, calcareous; massive; very thick bedded; 
simple and trough crossbedding, high-angle and me
dium-scale crossbeds; weathers smooth and rounded; 
forms a vertical and rounded cliff; baae is sharp. 

Summerville Formation: 
Sandy facies: 

19. Sandstone: Very light gray (N 8); very fine grained; fair
sorted; composed of subangular, clear quartz; rare 
red and black accessory minerals; weakly cemented, 
slightly calcareous; massive; thin to very thick bedded; 
partly crossbedded; 20 percent simple and trough cross
bedding, low-angle and medium-scale crossbeds; weath
ers knobby; forms a vertical and rounded cliff; contains 
thin purple mudstone at base; base is flat. 

18. Sandstone: Light-brown (5YR 6/4); very fine grained; 
fair-sorted; composed of subrounded to subangular, 
clear and stained quartz; common black and rare red 
accessory minerals; firmly cemented, calcareous; 
massive; weathers smooth and rounded; forms a round
ed ledge; contains calcite geodes; base is concealed. 

17. Covered interval: Forms an irregular slope. 
16. Sandstone: Light-brown (5YR 6/4); silt and very fine 

grained sand; poorly sorted; composed of subangular, 
clear and stained quartz; common black accessory min
erals; well-cemented, slightly calcareous; weathers 
smooth and rounded; forms a rounded and irregular 
ledge; base is concealed. 

IS. Covered interval: Forms an irregular slope. 

Total Summerville Formation 

Todilto Limestone: 
14. Limestone: Dark-gray (N 3); coarsely crystalline; ir

regUlar, very thin bedded; weathers pitted; forms an 
irregular ledge; base is irregular. 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER JURASSIC-Continued Feet 
Tod1lto Limestone-Continued 

.13, Limestone: Olive-gray (5Y 4/1); finely cryst'alline; flat, 
irregular, very thin bedded; weathers flaggy; forms a 
prominent and stripped dip slope; base is gradational. 11. 5 

12, Limy sandstone: Light-brownish-gray (5YR 6/1); very 
flne to fine-grained; fair-sorted; composed of subangu-
1ar, clear and stained quartz; rare black accessory 
minerals; well-cemented, highly calcareous; splits 
fissile; flat, irregular; weathers blocky; forms a re-
ceas below limestone ledge; base is flat. ~ 

Total Todilto Limestone 16.5 
Entrada Sandstone: 

Upper Bandy member: 
11, Sandatone: Pale-reddish-brown (lOR 5/4); fine-grained; 

poorly Borted; composed of subangular, clear and 
stained quartz; common black accessory minerals; 
weakly cemented, calcareous; splits fissile; flat, ir
regular, very thin bedded; weathers rounded; forms 
a rounded cliff; contains rare argillaceous material; 
bue is irregular. 15 

10, Sandstone: Same as unit 8, 33 
9, Sandstone: Same as unit 5; contains no granules. 24 
B. Sandstone: Light-brown (5YR 6/4); very fine grained; 

fair-Borted; composed of subangular, clear and stained 
quartz; black accessory minerals; weakly cemented, 
noncalcareous; thick-bedded; simple and trough cross
bedding, medium- to large-scale crossbeds; top of 
crossbeds are truncated by flat planes; weathers 
smooth and rounded; forms a vertical and rounded 
cUff; base is IrregUlar. 66 

7. Sandstone: Same as unit 5; contains fewer granule zones, 6.0 
6, Sandatone: Same as unit 5; simple and trough crossbed-

ding, medium-scale croBsbeds. 6.0 
5, Sandstone: Light-brown (5YR 6/4); very fine grained; 

fair-Borted; composed of subangular, clear and stained 
quartz; common black accessory minerals; weakly ce
mented; flat, laminated; weathers smooth and rounded; 
tornla a vertical cliff; contains zones of quartz granules 
in stringers and small lenses; base is sharp and flat. ~ 

Total upper sandy member 154 
Medial .Ilty member: 

4, S .. ndstone: Pale-reddish-brown (lOR 5/4), weathering 
moderate reddish brown (lOR 4/6); silt and very fine 
grained sand; poorly sorted; composed of subrounded, 
stained quartz; common black and rare white acces
sory minerals; well-cemented, noncalcareous; mas
sive; irregular, flat-bedded; weathers knobby and 
forms hoodoos; forms a rounded cliff; base is irregu-
lar, ~ 

Total Entrada Sandstone 199.5 
UPPER TRIASSIC: 

Wingate Sandstone: 
Lukachukai Member: 

3, Sandstone: Light-brown (5YR 6/4); fine-grained; fair to 
poorly sortedj composed of 8ubrounded~ clear and 
stained quartz; green and black accessory minerals; 
weakly cemented; wedge trough crossbedding, low
angle and small- to medium-scale croBsbeds; weath
ers smooth and rounded; forms a ledge and slope; 
contains rare argillaceous material; calcite veins 
cut across bedding planes; base is flat. 86.5 

2, Grit: Moderate-reddish-brown (lOR 4/6); very fine to 
very coarse grained; poorly sorted; composed of 
rounded, frosted and stained quartz; rare white and 
black accessory minerals; weakly cemented, noncal
careous; small- to medium-scale cros8beds; forms 
a regular slope; commonly contains argillaceous ma-
terial; abundant quartz granules; base is irregular. ~ 

Total Wingate Sandstone 95 

Chinle Formation: 
Owl Rock Member: 

1. Limestone: Greenish-gray (5G 6/1) and graylsh-red
purple (5RP 4/2), mottled; aphanitic; irregular, very 
thin to thin-bedded; weathers blocky; forms an irregu-
lar ledge; base is concealed. 2.0 

UPPER JURASSIC: 
Entrada Sandstone: 

B. -3 miles northeast of Thoreau 
120-12,0-5,0 A 

[Measured by M. E. Cooley] 

Medial silty member (incomplete): 
10, Hoodoo sandstone: Undescribed. 

UPPER TRIASSIC: 
Wingate Sandstone: 

Lukachukai Member: 
9, Siltstone and sandstone: Orange-red; silt and medlum

grained eand; weakly cemented; forms a covered 
slope. 22 

B, Sandstone and conglomerate: Orange-red; flne- to me
dium-grained; poorly Borted; composed of clear and 
atained quartz Band; weakly to firmly cemented; flat, 
irregular, thin- to thick-bedded; weathers blocky; 
forms an irregular ledge; base is gradational. -h.Q 

Total Wingate Sal1dstone 23 

UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member, upper part-Continued 
4. Silty limestone: Flat, lenticular, thick-bedded; weathers 

blocky; forms an irregular ledge; splits conchoidal; 
bas e Is gradational. 

3B. Siltstone, chiefly (slope unit): Flat, lenticular, thin to 
very thick bedded; weathers hackly and fluffy; forms 
an irregular~ rolling, and partly covered slope; con
tains some sandstone channels. 

Unit consists, in descending order, of: 
d. Mudstone (221 feet above 

base): Pale-red (5R 6/2); 
clay and silt; weakly ce
mented; splits fiSSile and 
crumbly. 17. 5t 

c. Siltstone (205 feet above 
base): Grayish-red (5R 
4/2); silt and some very 
fine grained sand; weak-
ly cemented. 2lt 

b. Sandy siltstone (178 feet 
above base): Light
brownish-gray (5YR 
6/1); silt to very fine 
grained sand; clear 
quartz; black acces
sory minerals; weak
ly cemented; splits 
crumbly. 19:!" 

a. Siltstone (167 feet above 
base): Light-brownish
gray (5YR 6/1); silt 
and some very fine 
grained sand; weakly 
cemented; splits fissile 
and crumbly. 27:!" 

3A. Covered interval: Base is covered. 
Correo(?) Sandstone Member: 

2, Sandstone and siltston.,: Pale-red (5R 6/2); silt to me
dium-grained sandi composed of rounded to subround
ed, clear and stained quartz; black accessory minerals; 
flat, irregular, lenticular, thin to very thick bedded; 
lenticular trough crossbedding, low -angle and small-
to medium-scale crossbeds; laminated to very thin 
bedded; weathers blocky; forms an irregular and cov
ered ledge and slope; contains some thin to thick beds 
of limestone conglomerate, which are scattered through
out unit; also contains thin flagstones; upper 27 feet is 
exposed; base is concealed. 

Petrified Forest Member, upper part continued: 
1. Covered Interval: Mudstone and siltstone, chiefly, 

UPPER TRIASSIC: 
Chinle Formation: 

Total upper part of the Petrified Forest 
Memberl[including Correo(?) Sandstone 
Member] 

Total incomplete Chinle Formation 

C. - 5 miles east of Thoreau 
120-8.0-7.0 A 

[Measured by M. E. Cooley] 

Correo(?) Sandstone Member: 
5. Silty sandstone and limestone conglomerate: Flat, ir

regUlar, lenticular, thin to very thick bedded; lentic
Ular and wedge trough crossbedding, low-angle and 
small- to medium-scale crossbeds; weathers blocky; 
forms an irregular ledge; some mUdstone lenses; 
measured to top of hogback, which may not be top of 
unit. 

Silty sandstone: Pale-red (5R 6/2); sm to fine
grained sand; composed of subrounded to sub
angular quartz; black accessory minerals; 
firmly cemented; splits platy. 

Limestone conglomera.te: Firmly cemented; con
tains some siltstone pebbles, 

Petrified Forest Member, upper part: 
4. Mudstone and siltstone (slope unit): Flat, irregular, 

lenticular, thin to very thick bedded; weathers hackly; 
forms an Irregular slope; contains I-foot -thick lentIc
ular beds of nodular limestone throughout unit. 

Unit conSists, in descending order, of: 
h. Sandy siltstone (92 feet 

above base): Moderate
red (5R 5/4); silt to flne
grained sand; mica and 
black accessory miner
als; weakly cemented; 
splits sh .. ly and crumbly. 15! 

g, Siltstone (76 feet above 
base): Pale-reddish
brown (lOR 5/4); mica 
accessory mineral; 
weakly cemented; splits 
shaly. 20.5t 

f. Siltstone and limestone 
conglomerate (62 feet 
above base): Pale
reddish-brown (lOR 
5/4); silt to very 

143 

Feet 

1.0 

84.5i 
146 

38.3 

.2Q..... 

391. 8~ 
425,3:! 

20.5 



Chinle Formation: 
Owl Rock Member: 

7. Siltstone and limy siltstone: Flat, lenticular, thin- to 
thick-bedded; weathers hackly; forma an irregular 
slope; base is gradational. 

Unit consists, in descending order, of: 
e. Limy siltstone (22 feet 

above base): Pale-red 
(lOR 6/2); silt and some 
medium-grained sand; 
weakly cemented; splits 
fissife; contains j'sand
stone dikes" composed 
of basal Wingate Sandstone; 
dikes are in vertical posi
tion and are shaped like 
large wedges, with sharp 
end down; maximum thick
ness of dikes is ~ foot and 
maximum depth is 4 to 5 
feet; sandstone of dikes 
is fine to coarse grained, 
composed of well-rounded 
clear quartz sand, contains 
black accessory minerals, 
and is firmly cemented. 8.5:!-

d. Silty sandy limestone (16feet 
above base): Pale-red (lOR 
6/2); silt to fine-grained 
sand; composed of subangu
lar. clear quartz; black 
accessory minerals; weak-
ly cemented; splits shaly. 7.0:!-

c. Sandy siltstone (11 feet 
above base): Pale-red
purple (5RP 6/2); silt to 
medium-grained sand; 
composed of subrounded 
to subangular, clear and 
stained quartz sand; black 
accessory minerals; weak
ly cemented; splits shaly 
and fissile. 5.0:!-

b. Silty nodular limestone 
(7 feet above base): Pale
red (lOR 6/2); firmly ce-
mented; splits conchoidal. 3.0:!-

a. Limy siltstone (5 feet above 
base): Pale-red (lOR 6/2); 
weakly cemented; splits 
platy and shaly. 6.0:!-

6. Siliceous limestone: Pale-red-purple (5RP 6/2); well
cemented; flat, thick to very thick bedded; weathers 
blocky; forms an irregular ledge; splits flaggy; con
tains chert; base is gradational. 

Total Owl Rock Member 

Petrified Forest Member, upper part: 
5. Siltstone and mudstone (slope unit): Flat, lenticular, 

thin to very thick bedded; weathers hackly; forms 
an irregular slope; base is gradational. 

Un.it consists, in descending order, of: 
g. Siltstone (98 feet above 

base): Pale-red (5R 6/2); 
silt and some fine to very 
fine grained sand; com
posed of well-rounded to 
rounded, clear and stained 
quartz; black accessory 
minerals; weakly ce
mented; splits shalyand 
fissile. 4.5:!-

f. Limestone (97 feet above 
base): Firmly cemented; 
splits conchoidal. 2.5:!-

e. Limy siltstone (92 feet 
above base): Pale-red 
(lOR 6/2); weakly ce
mented, calcareous; 
splits shaly; contains 
a few bleached spots and 
some limestone nodules. 11~ 

d. Sandy siltstone (76 feet 
above base): Pale-red
dish-brown (lOR 5/4); 
silt and fine -grained 
sand; composed of 
rounded to subangular I 
clear and stained quartz 
sand; black accessory 
minerals; weakly ce
mented; splits shaly and 
fissile; contains a few 
bleached spots. 19t 

c. Siltstone (54 feet above 
base): Moderate-pink 
(5R 7/4); silt and some 
clay; weakly cemented; 
splits shaly and crumbly. 19:!-

b. Mudstone (38 feet above 
base): Grayish-red (5R 
4/2 and lOR 4/2); clay 
and silt; weakly cemented; 
splits shaly. 11t 

a. Siltstone (11 feet above 
base): Pale-reddish
brown (lOR 5/4); weakly 
cemented; splits fissile. 25:!-

29.5:!-

coarse grained sand; 
composed of rounded 
quartz; weakly ce
mented; splits platy 
and crumbly. 3.0t 

e. Siltstone (59 feet above 
base): Grayish-red 
(5R 4/2); clay to silt; 
weakly cemented; 
splits ahaly. 6.5t 

d. Sandy siltstone (49 feet 
above base): Pale
reddish-brown (lOR 
5/4); silt to very fine 
grained sand; mica 
and black accessory 
minerals; weakly ce-
mented; splits platy. 10:!-

c. Siltstone (38 feet above 
base): Pale-reddish
brown (lOR 5/4); clay 
and silt; weakly ce
mented; splits shaly 
and crumbly. 19:!-

b. Limestone conglomerate 
(24 feet above base): 
Grayish-red (5R 4/2 and 
lOR 4/2); silt to fine
grained sand; composed 
of clear and stained 
quartz; mica and black 
accessory minerals; 
weakly to firmly ce-
mented; splits crumbly. 2.0:!-

a. Siltstone (22 feet above 
base): Grayish-red (5R 
4/2); silt and some very 
fine grained sand; black 
accessory minerals; 
weakly cemented; splits 
fissile. 23:!-

3. Sandstone: Irregular, lenticular. thin to very thick bed
ded; lenticular, wedge, and tabular trough crossbedding; 
low-angle and small- to medium-scale crossbeds; lami
nated to thin-bedded; weathers blocky; forms an irregu
lar ledge; contains mud cracks with blocks as much as 
4 inches across and cracks t inch Wide; current ripple 
marks, very flat; flagstone at top of unit is quarried; 
base of unit contains mudstone pebbles as much as 
2 inches in diameter; base is irregular. 

Unit consists, in descending order, of: 
b. Silty sandstone: Pale-red 

(5R 6/2); silt to fine
grained sand; composed 
of clear and stained 
quartz sand; mica and 
black accessory min
erals; firmly cemented; 
splits platy. 16.5t 

a. Sandy siltstone and lime
stone conglomerate: 
Grayish -red (5R 4/2); 
clay to fine-grained 
sand; weakly cemented; 
splits fissile and crum
bly; mudstone pebbles; 
forms a transition zone 
between unit 2 and sub-
unit 3b. 2.0:: 

2. Mudstone and siltstone (slope unit): Irregular, lenticular, 
thin to very thick bedded; lenticular and wedge trough 
crossbedding, very large scale crossbeds; weathers 
hackly; forms an irregular ledge and slope; contains 
some sandstone that forms small knobs at base of unit. 

Unit consists, in descending order, of: 
f. Silty sandstone and mud

stone (81 feet above 
base): Pale-reddish
brown (lOR 5/4); clay 
to very fine grained 
sand; composed of 
clear and stained 
quartz; mica and 
black accessory min
erals; weakly ce
mented; splits fissile 
and crumbly. 5.5:!-

e. Sandy siltstone (76 feet 
above base): Pale
reddish-brown (lOR 
5/4); silt to fine
grained sand; com
posed of subrounded 
to 8ubangular, clear 
and stained quartz; 
weakly cemented; 
splits shaly. 5.0t 

d. Sandy siltstone (70 feet 
above base): Pale-red
dish-brown (lOR 5/4); 
silt to very fine grained 
sand; black accessory 
minerals; weakly ce
mented; splits platy 
and shaly. 6.0:!-

c. Siltstone (38 feet above 
base): Pale-reddish-
brown (lOR 5/4); weakly 
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Table 3, --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER TRIASSIC-Continued 
Chinle Formation-Continued 

Petrified Forest Member, upper part-Continued 
cemented; splits mas-
sive and fissile. 42±" 

b. Siltstone (22 feet above 
base): Pale-reddish
brown (lOR 5/4); silt 
and some fine-grained 
sand; black accessory 
minerals; weakly ce-
mented; splits massive. 25± 

a. Silty sandstone (3 feet 
above base): Grayish
red (lOR 4/2); silt to 
very fine grained sand, 
some fine-grained sand; 
composed of subrounded 
to subangular I clear and 
stained quartz; black 
accessory minerals; 
splits platy. 5.0:!-

1. Covered interval. 

Total incomplete upper part of the Petrified 
Forest Member 

Total incomplete Chinle Formation 

60. -Cheechilgeetho 

2 miles south of Cheechilgeetho Day School, New Mexico 
136-9.0-2.5 

[Measured by R. L. Jackson and S. A. Johnson] 

UPPER JURASSIC: 

Entrada Sandstone: 

Upper sandy member: 
19. Sandstone: Same as unit 16; very fine to medium-grained; 

weathers pitted; forms a rounded cliff; base is irregu
lar. 

18. Sandstone: Moderate-brown (5YR 4/4) and light-gray (N 7), 
variegated; silt to very fine grained sand; poorly sorted; 
composed of subrounded to subangular, clear and stained 
quartz; common black accessory minerals; weakly ce
mented, calcareous; wedge simple and trough crossbed
ding, medium-scale crossbeds; forms a rounded cliff; 
crossbedding planes etched out; base is flat. 

17. Sandstone: Same as unit 16; irregular, flat-bedded; 
trough crossbedding, low-angle and small- to medium
scale crossbeds. 

16. Sandstone: Light-gray (N 7); fine- to coarse-grained; 
poorly sorted; composed of rounded to subrounded, 
clear and frosted quartz; rare red and black accessory 
minerals; weakly cemented, highly calcareous; high
angle and medium- to large-scale crossbeds; weathers 
pitted; forms a poorly developed ledge; abundant quartz 
granules along crossbedding planes; base is irregular. 

Total incomplete upper sandy member 

Medial silty member: 

15. Siltstone: Moderate-brown (5YR 4/4) and light-gray (N 7); 
fair-sorted; composed of subangular, stained quartz; 
common black accessory minerals; weakly cemented, 
highly calcareous; irregular, laminated; weathers 
smooth and rounded; forms a rolling slope; forms a 
prominent band along cliff faces and on hill exposures; 
unit is variegated above 8 feet; base is irregular. 

Total incomplete Entrada Sandstone 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
14. Sandstone: Grayish-orange-pink (lOYR 8/2); fine- to 

medium-grained; fair-sorted; composed of subrounded, 
clear and stained quartz; rare black and red accessory 
mineralS; weakly cemented, highly calcareous; simple 
and trough crossbedding, low -angle and small- to me
dium-scale crossbeds; weathers smooth and rounded; 
forms a rounded or irregular ledge; base is flat. 

13. Claystone: Dark-reddish-brown (lOR 3/4); flat, lami
nated; weathers hackly; forms a recess; contains 
shrinkage cracks filled with sandstone same as unit 14; 
cracks are 1 inch wide. 

12. Sandstone: Same as unit 10. 
11. Sandstone: Light-brown (5YR 6/4); very fine to medium

grained; poorly sorted; composed of subangular, clear 
and stained quartz; black accessory minerals; simple 
and trough crossbedding, large-scale crossbeds; weath
ers smooth and rounded; forms a rounded ledge; con
tains rare argillaceous material; unit is lenticular and 
thins and thickens laterally; base is irregular. 

10. Sandstone: Light-brown (5YR 6/4); very fine grained; 
poorly sorted; composed of 8ubangular, clear and 
stained quartz; rare green and common black acces
sory minerals; weakly cemented, calcareous; simple 
and trough crossbedding, low-angle and large-scale 
crossbedsj weathers sInooth and rounded; forms a 
rounded ledge; contains rare argillaceous material; 
lenses of very light gray (N 8) sandstone; base is ir
regular. 

9. Sandstone: Light-brown (5YR 6/4); very fine to medium
grained; poorly sorted; composed of rounded to sub
rounded, clear and stained quartz; black accessory 
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UPPER CRETACEOUS-Continued Feet 
Toreva Formation-Continued 

forms an irregular slope; a sandstone bed 2 miles west 
of section and 10 feet below top of unit contains bone 
fragments, vertebrae, teeth, and ganoin scales of fish, 
shark's teeth, small clams, and gastropods; base is 
gradational and irregular. 34 

7A. Carbonaceous mudstone: Clay and silt; fair-sorted; 
weakly cemented; very thin bedded; weathers hackly; 
forms an irregular slope; base is gradational and 
irregular. 49 

6. Sandstone: Grayish-buff; fine- to coarse-grained; poorly 
sorted; firmly cemented; lenticular, thin- to thick
bedded; lenticular and wedge trough crossbedding, high
angle and medium-scale crossbeds; weathers blocky; 
forms an irregular cliff; to the east unit thins from 
11 to 3 feet; unit is lenticular and not present except 
locally; base is gradational, irregular J and channeled 
with about 25 feet of relief. 11 

Total Toreva Formation 307 

Mancos Shale: 
5G. Claystone: Brown to dark-gray (N 3); clay and very 

fine grained sand; poorly sorted; weakly cemented; 
very thin bedded; weathers hackly; forms an irregular 
slope; contains a few thin sandstone beds and common 
carbonaceous material; base is gradational and irregu-
lar. 67 

5F. Sandstone and siltstone: Buff to brown; clay to fine
grained sand; poorly sorted; weakly to firmly cemented; 
flat, thin-bedded; weathers hackly and blocky; forms an 
irregular slope and small sandstone ledges; sandstone 
beds are less than 1 foot thick; commonly contains large 
fragments of Inoceramus sp.; base is gradational and 
irregular. 14 

5E. Claystone and siltstone: Grayish-brown (5YR 3/2); clay 
to very fine grained sand; fair-sorted; weakly cemented; 
flat, very thin bedded; weathers hackly; forms a rolling 
slope; splits fissile; 48 feet above base contains abundant 
ammonites in a 3-foot bed of limy shale; base is grada-
tional and irregular. 227 

5D. Siltstone and bentonite, alternating: Dark-bluish-gray 
(5B 4/1) siltstone and brown bentonite; clay and silt; 
fair-sorted; weakly cemented; very thin bedded; weath
ers hackly; forms a rolling slope; bentonitic layers 
thicken upward from approximately 2 inches near base 
to a bed 8 feet thick 92 feet above base; unit is fossilif-
erous; base is gradational and irregular. 130 

5C. Claystone and siltstone: Dark-gray (N 3) Claystone and 
buff siltstone; clay to very fine grained sand; poorly 
sorted; weakly cemented; flat, very thin bedded; weath
ers hackly; forms a rolling slope; a 3-inch limestone 
bed at 22 feet contains abundant Ostrea sp.; limestone 
beds in claystone are less pronounced than in sections 
farther north; base is gradational and irregular. 92 

5B. Claystone and bentonite: Dark-bluish-gray (5B 4/1) to 
brown claystone and light-buff bentonite; fair-sorted; 
weakly cemented; irregular, very thin to thin-bedded; 
weathers hackly; forms a rolling slope; contains abun
dant fossils-Gryphaea newberryi, Baculites gracilis, 
EXfigyrci columbella, 'l'urrltella sp., sharkis t~ 
ec lnOl s, and mollusks; bentonite beds less than 
2 inches thick; contains abundant selenite crystals; 
base is gradational and irregular. 32 

5A. Carbonaceous claystone and siltstone: Dark-bluish-
gray (5B 4/1) to brown; clay to very fine grained sand; 
poorly sorted; weakly cemented; flat, very thin bedded; 
weathers hackly; forms an irregular slope; contains a 
few fossil shell fragments, probably Gryphaea newberryi, 
and one shell-crushing shark's tooth; base IS gradatIonal 
and irregular. 11 

Total Mancos Shale 573 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

4. 

3. 

2. 

Sandstone: Light-buff; clay to fine-grained sand; poorly 
sorted; firmly cemented; flat, very thin to thick-bedded; 
wedge trough crossbedding, high-angle and medium
scale crossbeds; weathers hackly; forms an irregular 
ledge; contains carbonaceous siltstone layers less than 
3 feet thick; at top of unit a hard limonitic layer, 1 inch 
thick, contains abundant fucoids; base is gradational 
and irregular. 22 

Carbonaceous mudstone: Buff to violet; clay, silt, and 
fine-grained sand; poorly sorted; weakly cemented; 
flat, very thin to thin-beddedj weathers hackly; forms 
an irregular slope; a few fine-grained sandstone beds 
1 inch thick; base is gradational and irregular. 17 

Sandstone: Grayish-buff; fine- to medium-grained; fair-
sorted; firmly cemented; lenticular, thin- to thick-
bedded; wedge planar crossbedding, high-angle and 
large-scale crossbeds; weathers blocky; forms a 
vertical cliff; contains coal beds as much as 1 foot 
thick at base and in lower part of unit; also contains 
carbonaceous siltstone lenses ~ foot thick scattered 
throughout the unit; base is sharp and irregular. 61 

Total Dakota Sandstone 100 

UNCONFORMITY: Erosional and channeled, 10 feet of relief. 
UPPER JURASSIC: 

Morrison Formation: 
Westwater Canyon Member: 

1. Sandstone: Buff, weathering white; fine- to coarse-grained; 
poorly sorted; firmly cemented; flat, thi<?k-bedded; weath-
ers blocky; forms a vertical cliff; base IS concealed. 50+ 



minerals; weakly cemented, calcareous; simple and 
trough crossbedding, medium-scale crossbeds; weath
ers smooth and rounded; forme a rounded cliff; com
monly contains argillaceous material; base Is flat. 

8. Sandstone: Moderate-brown (5YR 4/4); very fine grained; 
fair-sorted; composed of subangular, clear and stained 
quartz; rare black accessory minerals; well-cemented, 
calcareous; flat, thin- to thick-bedded; weathers blocky; 
forms an irregular cliff; contains lenticular, small- to 
medium-scale crossbeds of plnldsh-gray (5YR 8/1) 
sandstone, which thin visibly to north and south; ripple 
marks; rare clay galls; base is flat. 

7. Claystone: Dark-reddish-brown (lOR 3/4); splits fissUe; 
flat-bedded; weathers hackly; forms a recess; contains 
thin beds of variegated yellowish-gray (5Y 7/2) and 
pale-brown (5YR 5/2) sandstone; base is flat. 

6. Sandstone: Yellowish-gray (5Y 7/2) and pale-brown (5YR 
5/2), variegated; silt to very fine grained sand; fair
sorted; composed of Bubangular, clear quartz; rare 
black accessory minerals; well-cemented, calcareous; 
flat, thin- to thick-bedded; weathers blocky; forms a 
prominent vertical and irregular ledge; contains part
ings of claystone similar to that of unit 5; base is sharp. 

5. Sandstone and clay~tone, alternating: Beds range in thick
ness from 1 to I, feet. 

Sandstone: Light-greenish-gray (5G 8/1) and light
brown (5YR 6/4), mottled; very fine grained; fair
sorted; composed of subangular J clear and stained 
quartz; rare black accessory minerals; flat, very 
thin bedded; weathers blocky; forms an irregular 
ledge; contains ripple marks and borings; base is 
irregular. 

Claystone: Grayish-~reen (lOGY 5/2) and dark-red
dish-brown (lOR 3/4); flatJ irregular, laminated; 
weathers hackly; forms an irregul,ar ledge; base 
is sharp. 

4. Grit: Light-greenish-gray (5G 8/1); silt to very fine 
grained sand; poorly sorted; composed of subangular, 
stained quartz; rare black accessory minerals; weak
ly cemented, calcareous; irregular, very thin to thin
bedded; weathers knobby; forms an irregular slope; 
commonly contains argillaceous material; abundant 
quartz granules; base is irregular. 

Total Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

3. Claystone: Same as unit 1; base is gradational. 
2. Mudstone: Light-bluish-gray (5B 7/1) and grayish-red 

(5R 4/2); clay and silt; flat, laminated; weathers 
hackly; forms a rolling slope; commonly contains 
clay galls; base is gradational. 

1. Claystone: Dark-reddish-brown (lOR 3/4); flat, lami
nated; weathers hackly; forms a rolling slope; base 
is concealed. 

Total incomplete Owl Rock Member 

DISTRICT 17 

61. -Balakai 

Balakai Point, east side of Black Mesa, 
16 miles northWest of Ganado 

92-4.7-10.5 

[Measured by H. G. Page and M. E. Cooley] 

UPPER CRETACEOUS: 
Toreva Formation: 

12. Sandstone: Light-gray (N 7), weathering pinkish orange; 
fine to very coarse grained; poorly sorted; firmly ce
mented, apparently calcareous; massive; thick to very 
thick bedded; wedge trough crossbedding, high-angle 
and medium-scale crossbeds; weathers blocky; forms 
a vertical cliff; partly conglomeratic; pebbles, as 
much as 1 inch in diameter, are composed of quartz
ite; pebbles become smaller in upper part of unit; 
base is sharp. 

11. Sandstone: Yellowish-buff; fine to very coarse grained; 
poorly sorted; firmly cemented, apparently calcareous; 
irregular, thick to very thick bedded; lenticular trough 
crossbedding, high-angle and medium-scale crossbeds; 
weathers blocky; forms a vertical cliff; base is sharp 
and irregular. 

lOB. Carbonaceous siltstone and sandstone: Fine-grained; 
most of unit is covered. 

lOA. Sandstone: Pinkish-buff; fine- to coarse-grained; poorly 
sorted; firmly cemented; thick-bedded; lenticular 
trough crossbedding, high-angle and small- to large
scale crossbeds; weathers blocky; fornls a vertical 
cliff; grades laterally eastward into a series of silt
stone and sandstone beds; base is sharp and irregular, 

9. Coal and carbonaceous siltstone: Brown to black (N 1); 
clay and silt; poorly sorted; weakly cemented; flat, 
very thin bedded; weathers hackly; forms an irregular 
slope; contains abundant plant fragments; base is gra
dational and irregular. 

8. Sandstone: Grayish-buff; fine- to medium-grained; fair
sorted; firmly cemented; flat, thick-bedded; tabular 
trough crossbedding in upper 25 feet, high-angle and 
medium-scale crossbeds; tabular inclined crossbed
ding in lower 10 feet, high-angle and large-scale cross
beds; weathers blocky; forms a vertical cliff; contains 
a 6-inch layer of titaniferous sandstone at top of unit; 
base is sharp. 

7B. Coal: Brown to black (N 1); clay and silt; fair-sorted; 
weakly cemented; very thin bedded; weathers hackly; 
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62. -Steamboat 

6 miles northeast of Steamboat Trading Post 
92-1. 0-15. 0 A 

[Measured by R. L. Jackson, S. A. Johnson, C. A. Repenning, 
L. C. Craig, J. W. Harshbarger, and F. L. Freeman] 

UPPER AND LOWER CRETACEOUS: 

Dakota Sandstone: 
43. Sandstone: Grayish-brown (5YR 3/2); very fine grained; 

fair-sorted; composed of subrounded, clear and frosted 
quartz; rare black accessory minerals; firmly ce
mented; irregular, flat-bedded; contains Borne small
to medium-Bcale crosebeds; forme top of prominent 
cllff; lower contact bevels unit 42. 

UNCONFORMITY: Forms an irregular erosion surface; as much as 
4 feet of relief; channeled into the Morrison Formation. 

UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon Member: 
42. Sandstone: Grayish-pink (5R 8/2); fine-grained; poorly 

sorted; composed of subrounded to subangular, frosted 
quartz; rare black accessory minerals; weakly ce
mented; partly massive; some small-scale crossbeds; 
forms a vertical cliff that is continuous with unit 43; 
base is even. 

41. Sandstone: Yellowish-gray (5Y 7/2); fine-grained; poorly 
sorted; composed of subrounded to subangular quartz; 
weakly cemented; contains large-scale crossbeds at base 
which grade upward into massive sandstone; forms a 
rounded. regular, and steep slope; near base contains 
brownish-gray (5YR 4/1) nodules ranging in size from 
1 to 4 inches. 

Total Westwater Canyon Member 

Tongue of Cow Springs Sandstone: 
40. Sandstone: Gray, yellow, and pink. variegated; medium

grained; fair-sorted; composed of subrounded, clear 
and frosted quartz; rare yellow, green, and black ac
cessory minerals; weakly cemented; medium- to 
large-scale crossbeds; forms a rounded and irregular 
slope. 

Recapture Shale Member: 
39. Sandstone: Light-greenish-gray (5G 8/1); very fine 

grained; poorly sorted; composed of subrounded, clear, 
frosted, and iron-stained (40 to 50 percent) quartz; rare 
black accessory minerals; weakly cemented; flat, ir
regular, very thin to thin-bedded; forms a ledge and 
slope. 

Total Morrison Formation (including tongue 
of Cow Springs Sandstone) 

Cow Springs Sandstone: 
38. Sandstone: Same as unit 36; poorly sorted; rare green 

and slight increase in black accessory minerals. 
37. Sandstone: Same as unit 36. 
36. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 

fine-grained; fair-sorted; composed of subround6d to 
sub angular quartz; rare well-rounded, black accessory 
minerals; weakly cemented; flat, very thin bedded in 
lower part; flat beds grade upward into large-scale 
crossbeds; forms a· smooth, rounded cliff; contains a 
few red-coated quartz grains; base is sharp. 

35. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 
to fine-grained; 70 percent composed of subangular, 
red-stained quartz; rare black accessory minerals; 
small- to medium-scale crossbeds; forms rounded 
cliffs with units 33 and 34; base is sharp. 

34. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grained; 
poorly sorted; composed of subrounded to subangular, 
clear. frosted, and red-coated quartz; rare black ac
cessory minerals; firmly cemented; flat, irregularJ 
very thin bedded; forms a rounded cliff continuous with 
unit 33; base of unit truncates cross beds of unit 33. 

33. Undescribed; unmeasured. 

(Section continued 15 miles west of Ganado, 111-2.0-4.0 A.) 

32. Sandstone: Pale-greenish-yellow (lOY 8/2), very pale or-
ange (lOYR 8/2), and some grayish-orange-pink (5YR 
7/2); fine-grained; composed of subrounded, clear 
quartz; firmly cemented; large-scale crossbeds; forms 
a rounded cliff; base is a sharp horizontal plane. 

31. Sandstone: Yellowish-gray (5Y 7/2); fine-grained; com
posed of subrounded, clear quartz; firmly cemented; 
medium-scale crossbeds with haphazard orientation; 
forms a rounded ledge; base is gradational. 

30. Sandstone: Same as unit 31; forms a rounded cliff; base 
is flat. 

29. Sandstone: Same as unit 31; base is flat. 
28. Sandstone: Same as unit 31. 
27. Sandstone: Yellowish-gray (5Y 7/2); fine-grained; com

posed of subrounded, clear quartz; weakly cemented; 
flat-bedded; forms a ledge; base is gradational. 

26. Sandstone: Same as unit 31. 
25. Sandstone: Same as unit 27. 
24. Sandstone: Same as unit 31. 
23. Sandstone: Same as unit 27. 
22. Sandstone: Same as unit 31. 
21. Sandstone: Grayish-yellow-green (5GY 7/2); fine-grained; 

composed of subrounded, clear quartz; firmly cemented; 
forms a ledge; contains interstitial clay; base is sharp. 

Total Cow Springs Sandstone 
(Section continued 12.7 miles west of Ganado, 111-1.0-4.0 A.) 

Summerville Formation: 
Sandy facies: 

20. Sandstone: Yellowish-green (lOGY 7/2); fine-grained; 
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Table 3, --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER JURASSIC-Continued 
Summerville Formation-Continued 

_ Sandy facies-Continued 
composed of subrounded, clear quartz; weakly ce
mented; flat-bedded, small-scale crossbedding within 
beds; forms rounded cliffs; contains laminated orange 
concretions; also contains green concretionary zones 
of clayey sandstone; base is gradational. 

19. Sandstone: Pale-green (5G 7/2) and light-brown (5YR 
6/4); very fine grained; composed of sUbrounded, clear 
quartz; rare black accessory minerals; weakly ce
mented; flat-bedded; small-scale crossbeds, more 
strongly crossbedded at top; forms rounded cliffs; 
contains orange limonite concretions in bed 4 feet 
above base; base is gradational. 

Total Summerville Formation 

Entrada Sandstone: 
Medial silty member: 

18. Sandstone: Light-brown (5YR 6/4); very fine grained; 
poorly sorted; composed of subrounded, clear and am
ber quartz; weakly cemented; flat-bedded; small-scale 
crossbeds at top; forms a rounded cliff and covered 
slope; base is gradational. 

17. Sandstone: Ver-y pale orange (lOYR 8/2), banded with 
light brown (5YR 6/4); medium-grained; composed of 
subrounded, clear quartz; weakly cemented; flat
bedded; forms a covered slope; base is sharp. 

Total Entrada Sandstone 
UPPER AND MIDDLE JURASSIC: 

Carmel Formation: 
16. Claystone: Dark-reddish-brown (lOR 3/4); silt, clay, 

and 10 percent very fine grained quartz sand; lami
nated; forms a covered slope; base is sharp. 

15. Sandstone: White (N 9); very fine grained; composed of 
clear quartz; rare black accessory minerals; firmly 
cemented; flat, very thin bedded; forms a ledge; base 
is sharp. 

14. Claystone: Same as unit 12; base is even. 
13. Sandstone: Light-gray (N 7); fine-grained; fair-sorted; 

composed of rounded to subroundedJ clear' and frosted 
quartz; rare black accessory minerals; weakly ce
mented; massive; forms an irregular slope; base is 
even. 

12. Claystone and thin partings of siltstone: Base is irregu
lar. 

Claystone: Moderate-brown (5YR 4/4); laminated; 
forms an irregular slope. 

Siltstone: Light-gray (N 7); poorly sorted; sub
angular. 

Totai Carmel Formation 
UPPER TRIASSIC(?): 

Moenave Formation: 
Dinosaur Canyon Sandstone Member: 

11. Sandstone: Light-gray (N 7); fine-grained; well-sorted; 
composed of rounded to subrounded, clear quartz; rare 
pink accessory minerals; weakly cemented; medium
scale crossbeds; forms a vertical and rounded cliff 
continuous with unit 10; base is sharp. 

10. Sandstone: Moderate-reddish-orange (lOR 6/6); fine- to 
medium-grained; fair-sorted; composed of subrounded, 
clear quartz; rare black accessory minerals; weakly 
cemented; flat, very thick bedded; thin layer 10 feet 
above base contains small-scale crossbeds; forms a 
vertical cliff; joints filled with calcite. 

9. Sandstone: Same as unit 2. 
8. Sandstone; Same as unit 4; base is irregular. 
7. Sandstone: Same as unit 2. 
6. Sandstone: Same as unit 4; base is irregular. 
5. Sandstone: Same as unit 2. 
4. Sandstone: Very pale orange (lOYR 8/2); very fine to 

fine-grained; poorly sorted; composed of subrounded, 
white and frosted quartz; rare black accessory min
erals; firmly cemented; flat, thin-bedded; forms an 
irregular cliff; base is even. 

3. Sandstone: Light-gray (N 7); fine- to medium-grained; 
fair-sorted; composed of rounded to subrounded, white 
and frosted quartz; rare black accessory minerals; 
weakly cemented; small-scale crossbeds; forms an 
irregular cliff. 

2. Sandstone: Moderate-reddish-brown (lOR 4/6) and green
ish-gray (5GY 6/1), variegated; very fine to fine-grained; 
poorly sorted; composed of subrounded, white and frosted 
quartz; rare black accessory minerals; weakly cemented; 
flat-bedded; forms a vertical cliff; unit thins and thickens 
visibly laterally; base is irregular. 

1. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 
grained; fair-sorted; composed of subrounded J clear, 
frosted, and iron-coated (40 percent) quartz; rare black 
accessory minerals; firmly cemented; massive; forms 
rounded and steep slopes; banded with thin grayish
green (lOGY 5/2) reduced zones, which are 1 to 4 inches 
thick and average 3 zones per 10 feet of thickness. 

Total incomplete Dinosaur Canyon 
Sandstone Member 

Base of exposure. 
Covered interval. 
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TERTIARY -Continued 
Bidahochi Formation-Continued 

Upper member-Continued 
Matrix: Fine- to medium-grained; poorly sorted; 

composed of rounded to subrounded, clear and 
colored quartz; common black accessory n1in
erals; contains argillaceous material. 

Gravel: Composed of subangular to angular quartz
iteJ 5 to 15 mm in diameter, 

Total upper member 
Lower member: 

14. Claystone: Dark-reddish-brown (lOR 3/4); weakly ce
mented; flat, laminated to thick-bedded; weathers 
smooth; forms a regUlar slope; contains some silt; 
worm borings(?) and primary slump age features; 
lacustrine environment; base is sharp and flat. 

13. Claystone: Light-greenish-gray (5GY 8/1); weakly ce
mented; massive; flat-bedded; weathers smooth; 
forms a regular ledge; contains limy stringers; quiet 
fluviatile environment; base is sharp and irregular. 

12. Sandstone: Grayish-orange-pink (5YR 7/2); very fine 
to fine-grained; fair-sorted; subrounded to subangu
lar grains; common red and black accessory miner
als; weakly cemented J calcareous; flat, laminated; 
weathers smooth to rounded; forms a rounded cliff; 
commonly contains argillaceous material; primary 
slumpage features; many of the quartz grains are 
coated; lacustrine environment; base is sharp and 
flat. 

11. Volcanic ash: White (N 9) to bluish-white (5B 9/1); very 
fine grained; well-sorted; COTI1posed of angular glass 
shards; rare black accessory n1inerals; weakly ce
rpented; gnarly, laminated; weathers smooth and bed
ding planes are etched; forms a ledge; primary slump
age features; lacustrine environment; base is sharp 
and irregular. 

10. Sandstone: Grayish-orange-pink (5YR 7/2); very fine to 
fine-grained; fair-sorted; composed of subrounded to 
subangular, stained quartz; common red and black ac
cessory minerals; weakly cemented J calcareous; flat, 
irregularly bedded; weathers smooth and blocky; forms 
an irregular cliff and slope; commonly contains argilla
ceous material; contains two beds of volcanic ash; pri
mary slumpage features; lacustrine environment; base 
is flat and gradational. 

9. Clayey sandstone: Yellowish-gray (5Y 8/1); clay to fine
grained sand; poorly sorted; composed of stained 
quartz; common red and black accessory minerals; 
weakly cemented, calcareous; massive; laminated; 
wedge trough crossbedding, low-angle and small-scale 
crossbeds; weathers smooth; forms a regular slope; 
contains yellow spots; lacustrine environment; base 
is flat and gradational. 

8. Sandstone: Grayish-brown (10YR 3/2); fine-grained; 
well-sorted; composed of subrounded to subangular, 
clear and frosted quartz; common red and black ac
cessory minerals; weakly cemented, calcareous; 
massive; flat-bedded; forms a slope; contains two 
volcanic ash beds, 3 inches thick; base is sharp and 
flat. 

7. Mudstone: Light-olive-gray (5Y 6/1) and pale-yellowish
brown (lOYR 6/2); fine- to medium- grained; poorly 
sorted; quartz accessory mineral; weakly cemented; 
flat, laminated; weathers smooth; forms a regular 
slope; contains several 1-inch-thick beds of ash; base 
is flat and gradational. 

6. Conglomerate: Pale-red (5R 6/2), weathering dark
yellowiSh-brown (lOYR 4/2); firmly cemented, calcar
eous; gnarly, very thin to thick-bedded; wedge trough 
crossbedding, low-angle and small-scale crossbeds; 
weathers blocky; forms a ledge; contains plant impres
sions and petrified wood, petrified wood probably de
rived from Cretaceous rocks; contains vertebrate bone 
fragments; fluviatile environment; base is sharp and 
irregular. 

Matrix: Very fine to medium-grained; poorly sorted; 
composed of subangular, clear and red quartz; 
rare black accessory minerals. 

Gravel: Composed of rounded to subrounded lime
stone and siltstone pebbles and granules, 2 mm 
to 3 inches in diameter. 

Total lower member 
Total Bidahochi Formation 

UNCONFORMITY: Angular; erosional, 2 feet of relief. 
UPPER TRIASSIC: 

Wingate Sandstone: 
Rock Point Member: 

5. Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine to fine-grained; fair-sorted; composed of sub
rounded to subangular, stained quartz; common black 
accessory minerals; weakly cemented J calcareous; 
flat, laminated to thiCk-bedded; weathers smooth and 
knobby; forms a regular slope; abundant stringers 
composed of selenite; still-water environment; base 
is flat and gradational. 

4. Sandstone: Bluish-white (5B 9/1) and moderate-light
bluish-gray (5B 6/1); fine- to medium-grained; fRir
sorted; cOlnposed of subangularJ clear and colored 

Feet 

282.2 

48.8 

12.6 

45.5 

1.2 

32.9 

13. 1 

15.9 

42.5 

~ 
217.5 
489.7 

33.1 



UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 

63. -Klagetoh 

3 miles southeast of Klagetoh 
125-13.0-1. 2 

[Measured by J. P. Akers] 

6. Conglomerate: Gray to purplish-blue; very fine to 
very cOarse grained; poorly sorted; composed of 
rounded to subangu1ar, clear, stained, and frosted 
quartz; weakly to firmly cemented; irregularly bed
ded; forms an irregular ledge; contains subrounded 
to subangular pebbles as much as 1 inch in diameter; 
base is sharp. 

UNCONFORMITY. 
MIDDLE(? ) AND LOWER TRIASSIC: 

Moenkopi Formation: 
Holbrook Member: 

5. Siltstone: Pale-reddish-brown (lOR 5/4); weakly ce
mented; forms a slope; a few thin sandstone ledges; 
grades into mudstone at top of unit. 

.t. Sandstone and siltstone: Shaly sandstone in beds less 
than 3 feet thick alternate with thicker siltstone beds; 
silt to medium-grained sand; unit contains numerous 
silty limestone lenses that are ripple marked; mica 
flakes are concentrated on ripple-laminated planes; 
contains some small-scale trough crossbedding. 

3. Siltstone: Pale-reddish-brown (lOR 5/4); clay to very 
fine grained sand; numerous lenticular limestone beds, 
1 inch to 2 feet thick, wbich form ledges; several sand
stone beds contain medium-grained sand and srnall
scale trough crossbedding. 

2. Silty sandstone: Light-gray (N 7); silt to fine-grained 
sand; fair-sorted; weakly to firmly cemented; gnarly, 
irregularly bedded; weathers pitted and knobby; forms 
a slope; ripple marks; base is sharp and irregular. 

Total Moenkopi Formation 

UKCOXFORMITY: Erosional; base of Moenkopi Formation truncates 
crossbeds of the De Chelly Sandstone. 

PERML\N: 
De Chelly Sandstone: 

1. Sandstone: Light-grayish-orange (lOYR 8/4); fine
grained; well-sorted; composed of clear and frosted 
quartz; firmly cemented; trough crossbedding; forms 
a vertical cliff. 

64. -Twin Buttes 

5 miles east of Twin Buttes Trading Post, 
12 miles east-southeast of Indian Wells 

127-6.5-8.0 

[Measured by C. A. Repenning and J. H. Irwin] 

TERTIARY: 
Bidahochi Formation: 

Upper member: 
22. Clayey sandstone: Yellowish-gray (5Y 8/1); clay, silt, 

and fine- to medium-grained sand; well-sorted; com
posed of rounded to subrounded, clear quartz; com
mon black accessory minerals; weakly to firmly ce
mented, calcareous; flat, thin- to thick-bedded; wedge 
trough crossbedding, low-angle and medium-scale 
crossbeds; weathers smooth to blocky; forms a series 
of ledges and slopes; caps the mesa; ripple marks; 
some grains are coated with calcium carbonate; unit 
contains argillaceous zones; fluviatile environment; 
base is sharp and flat. 

21. Volcanic ash: White (N 9); very fine grained; well
sorted; composed of angular glass shards and some 
sand; rare black accessory minerals; weakly ce
mented; massive; flat-bedded; weathers blocky; 
forms a ledge; unit has been prospected; base is 
sharp and flat. 

20. Claystone: Light-greenish-gray (5GY 8/1); weakly ce
mented; flat, laminated; weathers smooth; forms a 
regular slope; base is sharp and flat. 

19. Clayey sandstone: Light-greenish-gray (5GY 8/1); clay, 
silt, and coarse-grained sand; poorly sorted; sub
rounded to subangular grains; common black volcanic 
material; weakly cemented, argillaceous; flat, thin
to thick-bedded; weathers blocky to knobby; forms a 
ledge; contains volcanic particles less than 2 mm in 
diameter; more argillaceous at base; base is flat and 
gradational. 

18. Claystone: Light-greenish-gray (5GY 8/1); weakly ce
mented; flat, laminated; forms a regular slope; con
tains sandy zones and volcanic material; base is sharp 
and irregular. 

17. Clayey sandstone: Light-greenish-gray (5GY 8/1); clay, 
silt, and coarse-grained sand; poorly sorted; sub
rounded to sub angular grains; weakly cemented; flat, 
tbin- to thick-bedded; weathers blocky and knobby; 
forms a ledge; contains volcanic material; fluviatile 
environment; base is flat and gradational. 

16. Claystone: Same as unit 20. 
15. Conglomerate: Pale-1ellowish-brown (lOYR 6/2) to 

light-brown (5YR 6/4); weakly cemented, calcare
ous; flat, thick-bedded; wedge trough crossbedding, 
low-angle and small-scale crossbeds; weathers 
rounded; forms an irregular slope; fluviatile en
vironment; base is sharp and irregular. 

6+ 

13 

11 

94 

124 

25+ 

212.8 

2.5 

12. 1 

7.3 

31. 9 

5.0 
5.3 

quartz; common mica and black accessory minerals; 
firmly cemented, calcareous; flat, thin-bedded; trough 
crossbedding, low-angle and medium- to large-scale 
crossbeds; weathers rounded to blocky; forms a cliff; 
contain.s abundant mud galls; fluviatile environment; 
base is sharp and flat. 18.4 

3. Sandstone: Pale-red-purple (5RP 6/2); silt to very fine 
grained sand; fair-sorted; composed of subangular to 
angular, white and clear quartz; common mica and 
black accessory minerals; firmly cemented, calcare
ous; flat, laminated; simple and trough crosshedding, 
low-angle and very small scale crossbeds; weathers 
rounded; forms an irregular ledge; contains abundant 
clay galls; unit is present mostly as channel deposits; 
fluviatile environment; base is sharp and irregular 
with 15 feet of relief. 16.9 

2. Siltstone: Moderate-reddish-brown (lOR 4/6), weathering 
pale reddish brown (lOR 5/4); composed of stained 
quartz; weakly cemented, calcareous; flat, laminated; 
weathers smooth; forms a covered slope; still-water 
environment; base is sharp and flat. 135. D 

Total Wingate Sandstone 204. 3 

Chinle Formation: 
Petrified Forest Member: 

1. Shale: Undescribed. 25+ 

DISTRICT 18 

65. -Chee Dodge 

East Sonse1a Butte, 24 miles south-southeast of Lukachukai 
69-3.0-11.0 

[Measured by C. A. Repenning, P. R. Stevens, 
and W. B. Hoover] 

UPPER JURASSIC: 
Todilto Limestone: 

20. Limestone: Quartzite pebbles at base. 10 
19. Silty sandstone: Weathers smooth and rounded; forms a 

regular slope; base is sharp and flat. 15 

Total Todilto Limestone 25 
Entrada Sandstone: 

Upper sandy member: 
18. Sandstone: Dark-yellowisb-orange (lOYR 6/6); bimodal, 

very fine to fine-grained and medium- to coarse-grained; 
well-sorted; composed of subrounded to subangular 
quartz; well-cemented; massive; unit is a coset; wedge 
and tabular planar crossbedding, concave low-angle and 
medium-scale crossbeds; weathers rounded; forms a 
rounded cliff; contains 10 percent coarse-grained white 
(N 9) chert; eolian or fluviatile environment; base is 
irregular and gradational. 130 

Medial silty member: 
17. Sandstone: Moderate-reddish-brown (lOR 4/6); silt to 

fine-grained sand; fair-sorted; composed of subrounded 
to subangular, amber quartz; black accessory minerals; 
well-cemented; massive; flat, laminated; weathers 
knobby; forms an irregular cliff; near top contains cal
cite geodes as much as 1 inch in size; fluviatile environ-
ment; base is concealed. 39 

Total Entrada Sandstone 169 

UPPER AND MIDDLE JURASSIC: 
Carmel Formation: 

16. Siltstone and mudstone: Dusky-red (5R 3/4) and some 
grayish-orange-pink (lOR 8/2); clay, silt, and some 
very fine grained sand; poorly sorted; composed of 
subrounded to sub angular, amber quartz; mica acces
sory mineral; weakly cemented; gnarly, laminated; 
weathers smooth; forms a regular and covered slope; 
unit is partly banded; fluviatile environment; base is 
sharp and irregular. 45 

15. Sandstone: White (N 9); fine-grained; well-sorted; com
posed of subrounded to subangular, clear and amber 
quartz; firmly cemented; flat, laminated; unit is a 
coset; trough crossbedding, low-angle and small
scale crossbeds; weathers blocky; forms a ledge; 
fluviatile environment; base is sharp and irregular. 

14. Sandstone: Light-brown (5YR 6/4) and pale-reddish
brown (lOR 5/4); very fine grained; well-sorted; com
posed of subrounded to subangular, clear and amber 
quartz; firmly cemented; flat, laminated; unit is a 
set; weathers hackly; forms a regular slope; fluvia
tile environment; bas e is sharp and irregular. 

Total Carmel Formation 55 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
13. Sandstone: Same as unit 7; contains siltstone lenses; 

forms a ledge and slope. 40 
12. Siltstone: Same as unit 2; forms an irregular slope. 52 
11. Sandstone: Same as unit 7; forms a rounded cliff. 50 
10. Siltstone: Same as unit 2; forms a regular slope. 58 
9. Sandstone: Same as unit 7; forms a rounded cliff. 42 
8. Siltstone: Same as unit 2; contains lenses of sandstone 

same as unit 7; forIns an irregular slope. 72 
7. Sandstone: Moderate-reddish-brown (lOR 4/6); very fine 

to fine-grained; well-sorted; composed of subrounded, 
white and amber quartz; black accessory minerals; 
well-cemented; massive; unit is a coset; lenticular 
and asymmetrical trough crossbedding, concave high
angle and medium-scale crossbeds; weathers rounded; 
forms a rounded cliff; eolian environment; base is 
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UPPER TRIASSIC-Continued Feet 
Wingate Sandstone-Continued 

Rock Point Melnber-Continued 
sharp and irregular. 33 

6. Siltstone: Same as unit 2; forms a rolling slope; still-
water environment. 42 

5. Sandstone: Same as unit 3; forms a ledge; still-water 
environment. 

4. Siltstone: Same as unit 2; forms a regular slope; still-
water environment. 18 

3. Sandstone: Pale-red (lOR 6/2) and moderate-reddish
brown (lOR 4/6); very fine grained; well-sorted; com
posed of subrounded to subangular, clear and amber 
quartz; rare black accessory minerals; well-cemented; 
flat, gnarly, thick-bedded; unit is a set; weathers 
blocky; forms a ledge; still-water environment; base 
is sharp and flat. 

2. Siltstone: Moderate-reddish-brown (lOR 4/6); silt and 
some fine-grained sand; fair-sorted; composed of sub
rounded to subangular, clear and amber quartz; mica 
accessory mineral; lenticular, gnarly, laminated to 
thin- bedded; unit is a coset; weathers hackly to flaggy; 
fornls a rolling and covered slope; still-water environ-
ment; base is gradational. 135 

Total Wingate Sandstone 552 

Chinle Formation: 
Owl Rock Member: 

1. Limestone and marl: Undescribed. 25+ 

TERTIARY: 

66. -Whisky Creek 

North side of Viihisky Creek, 
22 miles south-southeast of Lukachukai 

69-0.1-6.0 

[Measured by C. A. Repenning] 

Chuska Sandstone: 
12; Sandstone: Pinkish-gray (5YR 8/1), weathering yellowish 

gray (5Y 7/2); fine- to medium-grained, some coarse 
grains; well-sorted; composed of well-rounded to sub
rounded, clear quartz; common red and black acces
sory minerals; well-cemented; flat, lenticular, thick 
to very thick bedded; unit is a coset; asymmetrical and 
plunging trough crossbedding, concave medium -angle 
and medium-scale crossbeds; weathers blocky; forms 
an irregular cliff; borings; fluviatile environment; 
base is concealed. 45 

11. Sandstone: Yellowish-gray (5Y 8/1); very fine to fine
grained, some clay; well-sorted; composed of sub
rounded to subangular, clear quartz; common red and 
black accessory minerals; weakly cemented, argilla
ceous; friable; flat, laminated to thin-bedded; weath
ers smooth; forms a regular and mostly covered slope; 
contains very thin beds of mudstone; fluviatile environ-
ment; base is gradational. 136 

10. Sandstone: Same as unit 12; forms two prominent cliffs. 91 
9. Sandstone: Same as unit 11; forms a regular and con-

cealed slope. 112 
8. Sandstone: Same as unit 12; lenticular, thick to very 

thick bedded; unit is a coset; asymmetrical and plung
ing trough crossbedding, concave low-angle and medi
um-scale crossbeds and some large-scale crossbeds; 
weathers blocky; forms an irregular cliff; borings; 
fluviatile environment. 85 

7. Covered interval: Similar to unit 12; about 150 feet 
above base contains one small sandstone ledge that is 
same as unit 12; base is concealed. 210 

6. Sandstone: Pinkish-gray (5YR 8/1), weathering yellow
ish gray (5Y 7/2); fine- to medium-grained, some 
coarse grains; well-sorted; composed of well-rounded 
to subrounded, clear quartz; common red and black ac
cessory minerals; very well cemented, siliceous; flat, 
lenticular, thick to very thick bedded; unit is a coset; 
asymmetrical and plunging trough crossbedding, con
cave medium-angle and medium-scale crossbeds; 
weathers blocky; forms an irregular cliff; borings; 
fluviatile environment; base is gradational and con-
cealed. 68 

5. Covered interval: Similar to unit 11. 222 
4. Sandstone: Same as unit 11; forms a partly covered, 

regular slope; base is sharp and flat. 34 
3. Bentonitic claystone: Pale-yellowish-brown (lOYR 6/2); 

structureless; weathers smooth; forms a covered 
slope; base is sharp and flat. .2 

2. Silty sandstone: Pale-yellowish-brown (lOYR 6/2), banded; 
clay to very fine grained sand; poorly sorted; composed 
of subrounded to subangular, amber quartz; lenticularly 
bedded; weathers smooth; forms a covered slope; base 
is sharp and irregular. . 3 

1. Sandstone: Moderate-reddish-orange (lOR 6/6); very fine 
to fine-grained; well-sorted; composed of subrounded 
to subangular I stained and amber quartz; rare black 
accessory minerals; weakly cemented; structureless; 
weathers smooth; forms a covered slope; unit is lentic
ular; contains abundant quartz pebbles less than 10 mm 
in diameter and occasional limestone pebbles and cob
bles as much as 70 mm in diameter; base is sharp and 
irregUlar. ___ ._5 

Total Chuska Sandstone 1,004 
UNCONFORMITY: Angular, about 4° angularity between the Rock 

Point Member of the Wingate Sandstone and the Chuska Sand-
stone; channeled surface, 6 inches of relief, 

UPPER JURASSIC-Continued 
Entrada Sandstone-Continued 

Upper sandy member-Continued 
marked by bleached lines 3 feet apart and separated by 
a structureless zone. 

Medial silty member: 
5. Sandstone: Pale-reddish-brown (lOR 5/4); very fine 

grained; well-sorted; composed of subrounded to sub
angular, amber quartz; well-cemented; irregularly 
bedded; crossbedded; weathers rounded; forms an 
irregular cliff; contains calcite geodes less than 
t inch in size; crossbedding features generally are 
obscured by primary slumpage; unit is more sandy 
and does not weather into as many hoodoos as does 
interval farther to the north; base is concealed and 
it is believed that the upper 30 feet of covered inter
val below I unit 4, should be included as part of medial 
silty member. 

Total Entrada Sandstone 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
4. Covered interval: Probably same as unit 2 except for 

upper 30 feet. 
3. Sandstone: Moderate-reddish-orange (lOR 6/6); fine

grained; mostly well-sorted; composed of rounded to 
subrounded, amber quartz; red and white accessory 
minerals; well-cemented; very thin to thin-bedded; 
unit is a coset; lenticular and tabular planar cross
bedding; concave, low- to high-angle and medium-
to large-scale crossbeds; weathers rounded; forms 
a rounded cliff; contains several flat-bedded and 
crinkled zones 2 feet thick; coarse-grained sand con
centrated along bedding planes; eolian and fluviatile 
environment; base is sharp and flat with some small 
cusplike irregularities. 

2. Siltstone: Pale-reddish-brown (lOR 5/4); clay, silt, and 
some very fine grained sand; well-sorted; firmly ce
mented; massive; weathers hackly; forms a rolling 
and covered slope; contains limy zones; more sandy 
beds form poorly developed ledges; unit is darker in 
upper part; contains shrinkage cracks, as much as 
10 inches thick and 5 feet deep, that are filled with 
pale-green (5G 7/2) sandstone; a 3-inch-thick bleached 
zone borders the shrinkage cracks and is at the upper 
contact of unit; base is gradational. 

Total Rock Point Member 

Chinle Formation: 
Owl Rock Member: 

1. Calcareous siltstone and limestone: Undescribed. 

68. -St. Michaels School 

3 miles southeast of St. Michaels School, 
11 miles south of Fort Defiance 

108-4.47-10.20 

[Measured by J. P. Akers and P. R. Stevens] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone: 

11. Conglomeratic sandstone: Moderate-orange-pink (5YR 
8/4); medium- to coarse-grained; pebbles are less 
than 1 inch in diameter and are concentrated near 
bottom of unit; thick to very thick bedded; unit is a 
coset; trough crossbedding, small- to medium-scale 
crossbeds; forms cap of hogback; ripple marks; abun
dant vertical joints. 

UNCONFORMITY: Erosional, 6 feet of relief; channels filled with 
pebbles. 

UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon Member: 
10. Sandstone: Pale-red (5R 6/2) and streaks of grayish yel

low green (5GY 7/2); medium to very coarse grained; 
poorly sorted; composed of subrounded to sUbangular, 
stained and frosted quartz; unit is a coset; lenticular 
and wedge crossbedding, small- to medium-scale 
crossbeds; forms a rounded slope; contains abundant 
pebbles of quartz, chert, jasper, and silty sandstone; 
pebbles occur in stringers, along crossbedding planes, 
and in small flat lenses; base is gradational. 

Recapture Shale Member: 
9. Silty sandstone: Light-red (5R 6/6), some zones are 

bleached grayish yellow green (5GY 7/2); silt to fine
grained sand; poorly sorted; composed of stained 
quartz; weakly cemented; very thin to thin-bedded; 
weathers fluffy; forms a slope; base is sharp. 

Tongue of Cow Springs Sandstone: 
8. Sandstone: Light-red (5R 6/6); very fine to fine-grained; 

composed of rounded to subrounded, stained and frosted 
quartz; firmly cemented; unit is a coset; wedge trough 
crossbedding; concave, low-angle and medium-scale 
crossbeds; forms a ledge; contains silty lenses and 
pockets; near middle of unit are numerous lenses and 
irregular pockets of resistant sandstone that is tnore 
coarse and contains angular mud pellets. 

Recapture Shale Member continued: 
7. Siltstone: Moderate-reddish-orange (lOR 6/6); thin

bedded; weathers fluffy; forms a slope; base is 
probably gradational. 

Total Recapture Shale Member (including 
tongue of Cow Springs Sandstone) 

Total Morrison Formation 

148 

Feet 

224 

34 

258 

143 

34 

58 

235 

25+ 

99 

67 

71 

228 

41 

:l41 
408 



67. -Fort Defiance 

3 miles east of Fort Defiance 
89-2.0-17.0 

[Measured by C. A. Repenning and J. P. Akers] 

UPPER AND LOWER CRETACEOUS: 

Dakota Sandstone: 
22. Sandstone and carbonaceous shale: Bed of gravel at 

base. 25+ 
UNCONFORMITY: Erosional, 4 feet of relief. 
UPPER JURASSIC: 

Morrison Formation: 
\Vestwater Canyon Member: 

21. Conglomerate: Moderate-orange-pink (5YR 8/4) to gray
ish-orange (lOYR 7/4); medium to very coarse grained; 
poorly sorted; firmly cemented; unit is a coset; asym
metrical, plunging, and wedge trough crossbedding; 
concave~ low-angle and small- to medium-scale cross
beds; forms a vertical cliff; base is covered. 

Matrix: Composed of subangular to angular, clear 
quartz and feldspar. 

Gravel: Composed of many types of igneous and 
metamorphic rocks as much as 3 inches in 
diameter. . 14 

20. Covered interval: Near section conglomerate similar to 
unit 20 is estimated to occupy upper two-thirds of unit; 
silty sandstone similar to unit 14 is exposed at base; 
about 90 percent covered; forms a tree-covered slope. 82 

19. Con~lomeratic sandstone: Grayish-orange-pink (5YR 
7/2); fine- to coarse-grained; poorly sorted; composed 
of subangular, stained quartz; about 5 percent feldspar 
accessory mineral; stringers of pebbles, t to 2 inches 
in diameter; very thick bedded; unit is a coset; asym
metrical and wedge trough crossbedding; concave, low
angle and small- to medium-scale crossbeds; weathers 
rounded and blocky; forms a vertical cliff; fluviatile 
environment; base is gradational. 82 

Total Viestwater Canyon Member 178 

Recapture Shale Member: 
18. Silty sandstone: Same as unit 14; upper 20 feet contains 

much coarse material and some fresh feldspar; brown 
silty beds common in lower part; about 10 percent cov
ered; forms a rolling slope; base is sharp and irregu-
lar. 92 

17. Sandstone: Same as unit 15; grayish-orange-pink (5YR 
7/2); forms a ledge; base is gradational. 36 

16. Silty sandstone: Same as unit 14; interval mostly cov-
ered; forms a rolling slope; base is concealed. 39 

Tongue of Cow Springs Sandstone: 
15. Sandstone: Very pale green (lOG 8/2); very fine to fine

grained; well-sorted; composed of subrounded to sub
angular, clear quartz; weakly cemented; unit is a 
coset; wedge and trough crossbedding; concave, low
to high-angle and small- to medium-scale crossbeds; 
weathers rounded; forms a rolling slope; eolian and 
partly fluviatile environment; base is gradational. 100 

Recapture Shale Member continued: 
14. Silty sandstone: Very pale green (lOG 8/2) and pale

reddish-brown (lOR 5/4), banded; clay to fine-grained 
sand; fair-sorted; composed of subrounded to subangu
lar, clear and stained quartz; flat-bedded; weathers 
smooth; forms an irregular slope; base is sharp and 
flat. 45 

Total Recapture Shale Member (including 
tongue of Cow Springs Sandstone) 312 

Total Morrison Formation 490 

Summerville Formation: 
Sandy facies and tongues of Cow Springs Sandstone undifferen

tiated: 
13. Sandstone: Very pale orange (lOYR 8/2); fine- to me

dium-grained; well-sorted; composed of subrounded 
to subangular, clear and frosted quartz; well-ce
mented; thick to very thick bedded; asymmetrical 
trough crossbedding; concave, low- to high-angle 
and small- to medium-scale crossbeds; forms a 
vertical cliff; eolian environment; base is sharp. 56 

12. Sandstone: Same as unit 13. 16 
11. Sandstone: Same as unit 13; flat, very thin to thin-bed-

ded; asymmetrical trough crossbedding; concave, low-
angle and small-scale crossbeds; forms a vertical cliff; 
probable still-water environment. 8 

10. Sandstone: Same as unit 13; eolian environment. 39 
9. Sandstone: Same as unit 11; still-water environment. 53 
8. Sandstone: Same as unit 13; eolian environment. 144 
7. Sandstone: Same as unit 11; still-water environment; 

base is sharp and flat. 23 

Total Summerville Formation (including 
tongues of Cow Springs Sandstone) 339 

Entrada Sandstone: 
Upper sandy member: 

6. Sandstone: Grayish-oranl1e-pink (lOR 8/2) to moderate
reddish-orange (lOR 6/6); fine- to medium-grained; 
well-sorted; composed of subrounded to subangular, 
clear and frosted quartz; well-cemented; thick to very 
thick bedded; unit is a coset; lenticular planar and 
trough crossbedding; concave, low- to high-angle and 
small- to large-scale crossbeds; weathers rounded; 
forms a vertical and rounded cliff; trough crossbed
ding more prominent in upper part of unit; ripple 
marked, one slab contains ripples that are 8 inches 
from crest to crest and t inch deep; eolian and still
water environment; base is sharp and irregular, 

Summerville Formation and Entrada Sandstone (upper sandy 
member) undifferentiated: 

6. Sandstone: Pale-orange-pink (lOR 7/3); very fine to fine
grained; fair- to well-sorted; composed of rounded to 
Bubangular, stained and frosted quartz; unit is a coset; 
wedge trough crossbedding, small- to large-scale 
croBsbeds; weathers into honeycombs in local areas; 
forms a hogbackj numerous tabular zones contain pri
mary slumpage and wavy bedding in lower part of unit; 
stringers of coarse material along crossbedding planes; 
contains rare white (N 9) concretionary sandstone inclu
sions, t to 1 inch in diameter, that resist erosion; near 
top of unit are several resistant lenses as much as 2 feet 
thick and 8 feet long. 479 

Entrada Sandstone: 
Medial silty member: 

5. Sandstone: Light-red (5R 6/6); silt to very fine grained 
sand; fair to poorly sorted; composed of amber and 
stained quartz; unit is a coset; a few tabular and gnarly 
zones; zones of trough crossbedding rare; forms a 
ledge; base appears gradational. 38 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
4. Sandy siltstone: Dark-reddish-brown (lOR 3/4); silt to 

fine-grained sand; composed of amber and stained 
quartz; flat, very thin to thin-bedded; forms a slope; 
unit possibly may be the Carmel Formation. 17 

3. Siltstone and silty sandstone: Moderate-brown (5YR 3/4); 
silt to fine-grained sand; very thin to thin-bedded; tabu
lar crossbedding, low-angle and small-scale crossbeds; 
forms a slope. 99 

2. Sandstone: Light-red (5R 6/6); very fine to fine-grained; 
composed of rounded to subrounded, amber and stained 
quartz; weakly to firmly cemented; flat, thin- to thick
bedded; low-angle and small- to medium-scale cross
beds; Weathers rounded; forms a ledge; crossbedded 
parts contain zones of flat-bedded layers; base is 
concealed. 221 

Total Wingate Sandstone 337 

Chinle Formation: 
Owl Rock Member: 

1. Limestone: Gray, pink, and green, mottled; contains 
chert. 1+ 

69. -Lupton 

South of the Rio Puerco, 1 mile southeast of Lupton 
124-3.7-11.6 

[Measured by L. C. Craig and V. L. Freeman] 

UPPER AND LOWER CRETACEOUS: 
Dakota Sandstone (incomplete): 

26. Sandstone: Grayish-orange-pink (5YR 7/2) to moderate
orange-pink (lOR 7/4); fine- to medium-grained; we11-
sorted; composed of subrounded to sub angular, clear 
quartz; rare gray accessory minerals; firmly ce
mented, calcareousj small- to large-scale crossbeds; 
highly channeled; several thin partings of gray clay
stone; bottom of unit contains pebbles as much as 1 inch 
in diameter that are composed of cloudy quartz, white 
and gray chert, and gray claystone. 66.4 

UPPER JURASSIC: 
Morrison Formation: 

Westwater Canyon(?) Member: 
25. Sandstone: Grayish-orange-pink (lOR 8/2) and moderate

orange-pink (lOR 7/4); fine- to medium-grained; fair
sorted; composed of subrounded to sub angular, clear 
quartz; rare gray, pink, and orange accessory min
erals; firmly cemented, noncalcareous; large-scale 
crossbeds; channeled; abundant interstitial dense white 
(N 9) material in spots; upper 5 feet contains numerous 
large worm burrows, 1 inch in diameter. 43.6 

24. Sandstone and some claystone: Horizontal bedding; con-
tains rare pebbles. 

Sandstone: Light-greenish-gray (5G 8/1); very fine 
to fine-grained; fair-sorted; composed of subangu
lar, clear quartz; common white, orange, and 
black accessory minerals; firmly cemented, cal
careous. 

Claystone: Grayish-red (5R 4/2); highly slicken-
sided; forms thin, 2-inch-thick, irregular lenses. 4.2 

23. Sandstone: Moderate-orange-pink (lOR 7/4) to moderate
reddish-orange (lOR 6/6); fine- to medium-grained; 
poorly sorted; composed of rounded to subangular, 
clear quartz; rare white, tan, orange, and black ac
cessory minerals; firmly cemented, calcareous; me
dium-scale crossbeds; channeled; one stringer com
posed of very coarse to granule grains; contains 
scattered rounded clear and cloudy quartz, subangular 
white (N 9) chert, and rare subrounded pink feldspar. ~ 

Total Westwater Canyon(?) Member 94.4 

Recapture Shale Member: 
22. Sandstone and sandy claystone. 

Sandstone: White (N 9) to moderate-orange-pink (5YR 
8/4); very fine to medium-grained; poorly sorted; 
composed of rounded to subangular, clear quartz; 
common orange and black accessory minerals; 
firmly cemented, calcareous; bedding and lamina
tion obscure, but suggestion of parallel bedding in 
color bands; abundant interstitial clay. 

Sandy claystone: Pale-reddish-brown (lOR 5/4); very 
fine to medium-grained; forms two partings. 34.8 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah-Continued 

UPPER JURASSIC-Continued Feet 
Morrison Formation-Continued 

Recapture Shale Member-Continued 
21. Sandstone: White (N 9) to grayish-pink (5R 8/2); fine- to 

medium-grained; composed of subrounded to subangu
lar, clear quartz; rare white, orange, and black acces
sory minerals; weakly cemented, noncalcareous; struc
tures suggest parallel bedding in lower part and channel
type crossbedding in upper part; forms a rounded slope; 
contains several stringers of mQderate-reddish-brown 
(lOR 4/6) sandy claystone. 31. 2 

20. Sandstone: White (N 9) and moderate-reddish-orange (lOR 
6/6), banded; fine- to medium-grained; fair-sorted; 
composed of rounded to subangular, clear quartz; com
mon yellow, red, and black accessory minerals; weakly 
cemented, calcareous; symmetrical to asymmetrical 
crossbedding, medium- to large-scale crossbeds; forms 
a rounded cliff; laterally contains one claystone parting. 38.4 

Total Recapture Shale Member 104.4 
Total Morrison Formation 198.8 

Cow Springs Sandstone: 
19. Sandstone: Grayish-orange-pink (5YR 7/2) and llght

brown (5YR 6/4) in lower 88 feet, and white (N 9), 
grayish-pink (5R 8/2), and light-greenish-gray (5GY 
8/1) in upper 85.4 feet; very fine to fine-grained; fair
sorted; composed of subangular, clear quartz; common 
orange, red, and black accessory minerals; firmly ce
mented, calcareous; indistinct parallel bedding, prob
ably ranging from 5 to 20 feet in thickness; sweeping 
medium- to large-scale crossbeds, about 30 percent 
interbedded with wavy parallel laminations; forms a 
rounded cliff. 173. 4 

18. Sandstone: White (N 9), moderate-orange-pink (lOR 7/4), 
and light-greenish-gray (5G 8/1), variegated; very fine 
to fine-grained; well-sorted; composed of subangular, 
clear quartz; common orange and black accessory min
erals; firmly cemented, calcareous; parallel bedding 
ranging from 5 to 15 feet in thickness; 60 percent 
sweeping medium- to large-scale crossbeds, interbed
ded with 40 percent wavy parallel laminations; three 
principal bedding planes at 17.4, 43.5, and 80.2 feet; 
several minor bedding planes in upper 4 feet are of 
local extent; unit forms a vertical cliff. 106.7 

17. Sandy claystone: Light-greenish-gray (5GY 8/1), gray
ish-red (lOR 4/2), and very dusky red (lOR 2/2); clay 
and very fine to fine-grained sand; composed of sub
angUlar, amber-stained quartz; forms lowest promi-
nent notch. __ ._3 

Total Cow Springs Sandstone 280.4 
Entrada Sandstone: 

16. Sandstone: White (N 9), yellowish-gra,Y (5Y 8/1), and 
some moderate-orange-pink (5YR 8/4) banding in low
er third of unit, weathering white (N 9); very fine to 
fine-grained; composed of well-rounded to 8ubangular, 
clear quartz; common orange and black, and rare red 
accessory minerals; firmly cemented, calcareous; 
four parallel bedding planes in lower third of unit; one 
3-foot, wavy parallel bed 8 feet helow top; sweeping, 
medium- to large-scale crossbeds; forms a rounded 
cliff. 95. 1 

15. Sandstone: Moderate-reddish-orange (lOR 6/6), pale
reddish-brown (lOR 5/4), some white (N 9) streaks, 
and rare pale-red (lOR 6/2) bands; very fine to fine
grained; fair-sorted; composed of subangular, clear 
and amber-stained quartz; common orange and black 
accessory minerals; firmly cemented, calcareous; 
parallel beds, 2 to 8 feet thick, contain wedging me
dium- to large-scale crossbeds and a few 6-inch-
to 1-foot-thick beds of wavy parallel laminations 
(2 percent of total thickness); forms a rounded cliff 
with swallow holes on bedding planes. 206.7 

14. Sandstone: Moderate-reddish-orange (lOR 6/6) and pale
reddish-brown (lOR 5/4), interbedded; very fine to me
dium-grained; fair- to well-sorted; composed of well
rounded to subangular, clear quartz; common white 
and black, and rare orange and red accessory miner
als; parallel beds, 2 to 5 feet thick, contain alternating 
sweeping medium-scale crossbeds and wavy parallel 
laminations; tends to weather spheroidally in a verti-
cal cliff. 31. 7 

13. Sandstone: Moderate-reddish-orange (lOR 6/6) and pale
reddish-hrown (lOR 5/4), weathering pale reddish brown 
(lOR 5/4); very fine to fine-grained; well-sorted; com
posed of subangular, clear to amber-stained quartz; 
common black accessory minerals; parallel beds, 
6 inches to 3 feet thick, of fine wavy parallel lamina
tions; unit forms a prominent orange-banded vertical 
cliff with local development of red spheroidal weath-
ering at top. ~ 

Total Entrada Sandstone 369. 4 

(Section continued half a mile to the south. ) 
UPPER TRIASSIC: 

Wingate Sandstone: 
12. Sandstone and some claystone. 

Sandstone: Moderate-orange-pink (5YR 8/4) to llght
brown (5YR 6/4); very fine to fine-grained; com
posed of subangular, clear quartz; rare orange and 
black accessory minerals; predominantly horizontal 
and ripple-bedded; forms ledges as much as 2 inches 
thick in shaly slopes; contains white and gray mica 
flakes. 

70. -Pine Sprin~ 

10 miles northWest of Lupton 
124-9.4-2.6 

[Measured by J. P. Akers] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
11. Conglomeratic sandstone: Light-gray (N 7); medium

to coarse-grained; subrounded to subangular grains; 
conglomerate concentrated in 6-inch-thick zones near 
base; average size Of-pebbles is i inch. maximum 
size 2 inches. 25+ 

UNCONFORMITY: Bleached mudstone zone, t to 1 foot thick, at 
base of Shinarump Member. 

MIDDLE(?) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Holbrook Member: 
10. Covered interval. 11 

9. Siltstone: Pale-reddish-brown (lOR 5/4); forms a slope; 
contains some sandstone beds less than half a foot thick 
and a few thin silty limestone beds. 48 

8. Siltstone and sandstone. 
Siltstone: Same as unit 9. 
Sandstone: Very fine grained; calcareous cement; forms 

a ledge and slope; zones less than 2 feet thick contain 
mud pellets and pebbles as much as 3 inches in diam-
eter and limestone fragments as large as 6 inches. 35 

7. Silty sandstone: Pale-reddish-brown (lOR 5/4); silt to 
medium-grained sand; well to firmly cemented; irregu
lar, lenticularly bedded; contains conglomerate seams 
and stringers, numerous flattened mud pellets, and 
pebbles less than 2 inches in size; a 6-inch zone at 
base of unit is composed of angular coarse-grained 
material. 10 

6. Covered interval: Contains some thin sandstone ledges. 28 
5. Conglomeratic sandstone: Grayish-purple (5P 4/2); clay 

to very coarse grained sand; sub angular to angUlar 
grains; well to firmly cemented; irregular, lenticu-
larly bedded; trough crossbedding, small-scale cross-
beds; contains some angular limestone and siltstone 
pebbles less than half an inch in diameter; bone frag-
ments common. 

4. Siltstone: Pale-reddish-brown (lOR 5/4); same as unit 2. 
3. Siltstone and sandstone: Pale-reddish-brown (lOR 5/4); 

silt to very fine grained sand; well to firmly cemented, 
ca.lcareous; irregular, lenticularly bedded; trough 
crossbedding, small-scale crossbeds; forms a promi
nent ledge; contains calcite geodes as much as half an 
inch in size; large shrinkage cracks and a bleached 
zone. 4 

2. Siltstone: Pale-reddish-brown (lOR 5/4); weakly to firmly 
cemented; flat, very thin to thick-bedded; weathers 
platy and slabby; forms a slope; thick beds are limy; 
base is sharp. 52 

Total Moenkopi Formation 196 

UNCONFORMITY: Erosional; base of Moenkopi Formation rests 
on truncated crossbeds of the De Chelly Sandstone. 

PERMIAN: 
De Chelly Sandstone: 

1. Sandstone: Light-gray (N 7); fine-grained; well-sorted; 
composed of clear and frosted quartz; trough cross-
bedding; base is concealed. 25+ 

71. -Black Creek Canyon 

Head of the canyon of Black Creek, 8 miles northwest of Lupton 
124-8.0-5.0 A 

[Measured by C. B. Read] 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member (incomplete): 
19. Sandstone: Undescribed. 

UNCONFORMITY. 
PERMIAN: 

De Chelly Sandstone: 
Upper member: 

18. Sandstone: Grayish-orange-pink (5YR 7/2); fine-~rained; 
well-sorted; well-cemented, calcareous; maSSIve; 
thick-bedded; nonrhythmic sequence of beds; forms 
vertical cliffs; small sandy concretions on weathered 
surface. IBO+ 

Lower member: 
17. Sandstone and siltstone, interbedded:, Moderate-reddish

brown (lOR 4/6); argillaceous and calcareous cement; 
nonrhythmic sequence of beds; forms vertical cliffs. 

Sandstone: Fine-grained; even, medium- to thick
bedded. 

Siltstone: Thin-bedded. H 
16. Sandstone and siltstone, interbedded: Moderate-r('ddish

orange (lOR 6/6) to moderate-reddish-brown (lllH .j/G); 
very fine grained; argillaceous, calcareous, and fl'l'

ruginous cement; even, thin-bedd('Li; forms irregular 
ledges. l2 

15. Sandy limestone: Grayish-pink (5R B/2); gl'anular, apha-
nitic, crystalloblastic; even, thin-bedded; forms ir-
regular ledges. .5 

14. Sandstone and siltstone, interbedded: Grayish-orang(:-'-
pink (5YR 7/2) to moderate-orange-pink (lOR 7/4); silt 



Claystone: Pale-reddish-brown (lOR 5/4) to dark-red- . 
dish-brown (lOR 3/4); varies from silt to fine-grained 
sand; weathers papery to earthy. 

11. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; composed of well-rounded to subrounded. clear 
and amber quartz; rare orange and black accessory 
minerals; prominent current marks, horizontal bedding, 
and local channeling and crossbedding. 

Unit is capped by a l-foot-thick bed of sandstone 
described as follows: yellowish-gray (5Y 7/2); 
rnedium- to coarse-grained; composed of well
rounded to subrounded, clear quartz; rare white, 
orange. red. and black accessory minerals; prom
inent horizontal bedding and gentle crossbedding. 

10. Sandstone. claystone. and siltstone. 
Upper two-thirds of unit: Claystone and sandstone. inter

bedded. Claystone is same as lower one-third of unit; 
sandstone is light brown (5YR 6/4), micaceous (mus
covite). very fine to fine grained. and weathers platy. 
shaly, and earthy; upper 20 feet forms thin ledges 
containing small-scale. wedge crossbedding, 

Lower one-third of unit: Claystone and siltstone. mod
erate-reddish-orange (lOR 6/6) to pale-reddish
brown (lOR 5/4); weathers shaly and earthy. 

Base of unit: Light-reddish-orange (lOR 7/6) band of 
sandstone. very fine grained, thin-bedded (6 inches 
thick); contains abundant disseminated medium to 
coarse grains of well-rounded, amber-stained 
quartz. 

9. Sandstone and claystone. 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

fine grained; composed of subangular, amber quartz; 
irregular, ripple bedding. 

Claystone: Dark-reddish-brown (lOR 3/4), and light
greenish-gray (oG 8/1) films and streaks; contains 
disseminated subangular, fine-grained sand. 

8. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; composed of sub angular, clear and amber 
quartz; rare white and black accessory minerals; 
predominantly ripple-laminated, locally pseudocross
bedded; several thin, parallel, claystone partings; 
shallow channeling locally; forms a rounded ledge and 
slope or a vertical cliff; contains a few stringers of 
grayish-red (oR 4/2) to dark-reddish-brown (lOR 3/4) 
claystone pebbles. 

7. Sandstone and claystone. 
Sandstone: Moderate-reddish-orange (lOR 6/6); very 

fine grained; composed of subangular, amber quartz; 
irregular, ripple bedding. 

Claystone: Dark-reddish-brown (lOR 3/4), and light
greenish-gray (oG 8/1) films and streaks; contains 
some disseminated fine-grained sand. 

6. Sandstone: Moderate-reddish-orange (lOR 6/6); fine
grained; composed of subangular, clear and amber 
quartz; rare white and black accessory minerals; 
predominantly parallel bedding; some crossbedding; 
ripple marks and mud cracks noted on partings in 
upper half of unit; most of thin claystone partings 
predominantly subparallel, but some show shallow 
channeling; forms a rounded ledge and slope or a 
vertical cliff; contains local stringers of grayish
red (5R 4/2) to dark-reddish-brown (lOR 3/4) clay
stone pebbles. 

5. Sandstone and claystone, interbedded. 
Sandstone (75 percent of unit): White (N 9) and mod

erate-orange-pink (5YR 8/4); very fine to fine
grained; composed of clear quartz; rare orange, 
green, and black accessory minerals; ripple marks, 
horizontal bedding; small-scale crossbeds; forms 
irregular to slabby ledges, 2 inches to 2 feet thick; 
white zones contain well-rounded, very fine to me
dium grains in stringers and disseminated sand. 

Claystone: Dark-reddish-brown (lOR 3/4), and light
greenish-gray (5G 8/1) films and streaks; contains 
some disseminated fine-grained, amber-stained 
sand. 

4. Sandstone: Moderate-orange-pink (5YR 8/4). base con
tains some grayish orange pink (5YR 7/2); very fine 
grained; composed of subangular, clear quartz; rare 
orange and black accessory minerals; parallel bed
ding; two prominent partings, 1 to 2 inches thick, of 
dark-reddish-brown (lOR 3/4) micaceous sandy clay
stone; sandstone bed at base is 6 inches to 2t feet thick, 
poorly sorted, and composed of well-rounded quartz 
and subrounded white (N 9) chert grains as much as 
one-eighth of an inch thick. 

Total Wingate Sandstone 

Chinle Formation: 
Owl Rock Member: 

3. Claystone and limestone. 
Claystone: Pale-red-purple (5RP 6/2) to grayish-red

purple (5RP 4/2); clay, silt, and very fine grained 
sand; calcareous cement; weathers hackly and earthy. 

Limestone: Pale-red (5R 6/2); dense; nodular, irregu
lar, thin-bedded. 

2. Limestone: Very light gray. (N 8) to light-gray (N 7), mot
tled with pale red (5R 6/2) and pale red purple (5RP 6/2); 
dense to very finely crystalline; forms a prominent mas
sive ledge with grayish-red-purple (5RP 4/2) clay lami
nae. 

1. Claystone and limestone. 
Claystone: Pale-red-purple (5RP 6/2) to grayish-red

purple (5RP 4/2); clay, silt, and very fine grained 
sand' calcareous cement; weathers hackly to earthy. 

Limestone: Pale-red (5R 6/2); dense; nodular, irregu
lar, thin-bedded. 

Total incomplete Chinle Formation 

24.3 

5.2 

70.8 

17.8 

5.0 

16.7 

36 

15.7 

12.1 

203.6 

18.3 

2.8 

30 

51. 1 

to fine-grained sand; calcareous cement; even, thin-
to medium-bedded; rhythmic sequence uf becJt3; fOrmE.; 
irregular slopes; unit is more calcareous in upper part. 

13. Sandstone: Moderate-orange-pink (lOR 7/4) with grayish
orange-pink (5YR 7/2) bands; fine-grained; well-ce
mented, calcareous, near base; friable toward top; 
even, thin- to medium-bedded; forms rounded cliffs. 

12. Clayey siltstone: Grayish-orange-pink (5YR 7/2); cal
careous cement; even, thin-bedded; forms a regular 
slope. 

11. Siliceous limestone: Grayish-red (lOR 4/2), mottled; 
granular, aphanitic, crystalloblastic; even, thin-bed
ded; well-jointed; forms vertical cliffs. 

10. Sandstone: Grayish-orange-pink (5YR 7/2); fine-grained; 
calcareous cement; even to irregular, thin-bedded; 
forms irregular slopes. 

9. Sandstone: Moderate-reddish-orange (lOR 6/6), mottled; 
fine-grained; calcareous cement; even, thin-bedded; 
forms irregular slopes. 

8. Sandstone: Grayish-orange-pink (5YR 7/2); fine-grained; 
calcareous cement; even, thin-bedded; forms vertical 
ledges. 

7. Sandstone: Moderate-reddish-orange (lOR 6/6); fine- to 
medium-grained; calcareous and ferruginous cement; 
thin-bedded; crossbedded; forms rounded ledges. 

6. Sandstone: Pale-reddish-brown (lOR 5/4); fine-grained; 
well-cemented, calcareous; even, medium-bedded; 
forms vertical ledges. 

5. Clayey sandstone: Moderate-reddish-orange (lOR 6/6); 
fine-grained; calcareous and ferruginous cement; even, 
thin-bedded; forms irregular slopes. 

4. Clayey sandstone: Very pale orange (10YR 8/2); fine
grained; gypsiferous; even, thin-bedded; forms irregu
lar ledges. 

3. Clayey siltstone: Moderate-reddish-orange (lOR 6/6), 
mottled; calcareous and ferruginous cement; even, thin
to medium-bedded; forms regular slopes. 

2. Sandstone and some siltstone, interbedded: Moderate
reddish-orange (lOR 6/6); silt to fine-grained sand; 
calcareous cement; even, medium- to thick-bedded; 
forms rounded cliffs; contains several beds of arkosic 
sandstone. 

1. Sandstone and siltstone, interbedded: Moderate-reddish
orange (lOR 6/6); silt to fine-grained sand; argilla
ceous, calcareous, and ferruginous cement; even, thin
to medium-bedded; nonrhythmic sequence of beds; 
forms irregular slopes; strata contain abundant salt 
cast impressions. 

Total lower member 
Total De Chelly Sandstone 

72. -Sanders 

North of the Rio Puerco, west-southwest of Sanders 
Quadrangle 138 

[Measured by M. E. Cooley] 

QUATERNARY: 
Terrace deposits: 

25. Gravel on an early Wupatki surface. 
TERTIARY: 

Bidahochi Formation: 
24. Undescribed. 

UNCONFORMITY: Erosional; flat, no observable relief, no bleached 
or weathered zone at top of Chinle Formation. 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, upper part: 
23. Sandstone: Pale-red-purple (5RP 6/2) to light-brownish

gray (5YR 6/1); fine- to medium-grained; poorly 
sorted; composed of subrounded to subangular, clear 
and stained quartz; abundant black accessory minerals; 
firmly cemented, calcareous; splits flaggy; lenticular, 
thin-bedded; lenticular trough crossbedding, low- to 
medium-angle and medium- to large-scale crossbeds; 
weathers blocky; forms an irregular ledge; contains 
some silt; siltstone lenses and some limestone con
glomerate; base is sharp and channeled with 10 feet 
of relief. 

22. Mudstone and siltstone: Flat, lenticularly bedded; forms 
an irregular and covered slope. 

c. Mudstone (44 feet above base): 
Grayish-red-purple (5RP 
4/2); clay, silt, and some 
very fine grained sand; 
mica accessory mineral; 
weakly cemented, calcar
eous; splits shaly; bleached 
spots. l7.5t 

b. Siltstone (30 feet above base): 
Grayish-purple (5P 4/2); 
silt and some very fine 
grained sand; mica and 
black accessory minerals; 
weakly cemented, calcar
eous; splits shaly and 
crumbly. 10;1-

a. Mudstone (20 feet above base): 
Pale-red-purple (5RP 6/2); 
clay and silt; mica and black 
accessory minerals; weakly 
cemented, calcareous; splits 
shaly; bleached spots. 25t 

21. Sandstone: Similar to unit 23; contains lenses of lime
stone conglomerate; grades laterally in places into 
sandy siltstone; small channels at base of unit; 
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Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizuna, New Mexico, and Ulah-Cuntinul:d 

UPPER TRIASSIC-Continued Feet 
Chinle Formation-Continued 

Petrified Forest Member, upper part-Continued 
base is sharp and irregular with as much as 4 feet 
of relief. 8.0 

20. Mudstone and siltstone: Same as unit 22; forms a slope; 
a few thin sandstone ledges in upper 15 feet of unit. 40.5 

19. Covered interval: Material probably same as unit 22. 20 

Total inc omplete upper part of the 
Petrified Forest Member 143j-

Petrified Forest Member, Sonsela Sandstone Bed and lower 
part undifferentiated: 

18. Sandstone: Pinkish-gray (5YR 8/1); fine- to medium
grained; fair-sorted; composed of subrounded to ftUb
angular, clear quartz; mica, and green and black ac
cessory minerals; weakly to firmly cemented, calcar-
eous; splits crumbly; bedding same as unit 14. 11 

17. Covered interval: Material probably "blue mudstone. .. 44 
16. Sandstone: Light-gray (N 7) and medium-light-gray (N 6), 

mottled; fine- to coarse-grained sand; fair to poorly 
sorted; composed of subrounded to subangular, clear 
quartz; mica and black accessory minerals; firmly 
cemented; bedding same as unit 14; unit grades laterally 
into mudstone about half a mile north of section; con-
tains mudstone pebbles. 5. 0 

15. Covered interval, chiefly: Material probably «blue mud-
stone"; limestone nodules common; sandstone ledge 
5 feet above base. 32.5 

14. Sandstone: Light-gray (N 7); fine- to medium-grained; 
fair-sorted; composed of rounded to sUbangular, clear 
quartz; mica, and green and black accessory minerals; 
firmly cemented, calcareous; lenticular, thin- to thick
bedded; lenticular and wedge trough crossbedding, low
angle and medium-scale crossbeds; weathers blocky; 
forms an irregular ledge; grades laterally into mud
stone; unit is a large channel deposit; base is sharp 
and channeled with 4 feet of relief. 6.5 

13. Covered interval: Material probably' 'blue mudstone, " 51. 5 
12. Sandstone: Very light gray (N 8); fine- to medium-

grained; fair-sorted; composed of subrounded to sub-
angular, clear quartz; black accessory minerals; 
firmly cemented, calcareous; splits massive and 
platy; flat, lenticular, thin- to thick-bedded; lenticu-
lar and wedge trough crossbedding, low- to medium-
angle and medium- to large-scale crossbeds; weath-
ers blocky; forms an irregular ledge; contains mud-
stone lenses between some of the crossbedding chan-
nels; contains quartz and jasper pebbles as much as 
five-:eighths of an inch in diameter; also contains 
mudstone pebbles, limestone, and petrified logs; base 
is sharp. 10 

Total Sonsela Sandstone Bed and lower part 
undifferentiated of the Petrified Forest 
Member 160.5 

Petrified Forest Member, lower part: 
11. Covered interval: Material probably' 'blue mudstone. " 145 

Total incomplete Petrified Forest Member 448. 5:±-

Lower red member: 
10. Limy sandstone: Grayish-orange-pink (5YR 7/2); very 

fine to fine-grained; well-sorted; composed of sub
rounded to subangular, clear quartz; mica accessory 
minerals; firmly cemented, calcareous; splits platy 
and fissile; lenticular, thin-bedded; pseudocrossbed
dedi weathers hackly and blocky; forms an irregular 
ledge; contains ripple marks with worm-burrow(?) 
markings; black dendritic markings; thin bed of lime-
stone nodules; base is concealed but channeled. 15 

9. Mudstone: Greenish-gray (5GY 6/1); clay and silt; black 
accessory minerals; splits shaly; flat, very thin bed
ded; weathers hackly; forms an irregular and covered 
slope; may be a weathered zone; limonite streaks. 4.0 

8. Mudstone: Dusky-blue (5PB 3/2); clay and silt; mica 
accessory mineral; weakly cemented, calcareous; 
splits crumbly; lenticular, very thin bedded; weathers 
hackly; forms an irregular and covered slope; base is 
gradational. 7. 5 

7. Mudstone: Grayish-red-purple (5RP 4/2); clay and silt; 
mica and black accessory minerals; weakly cemented, 
calcareous; splits shaly and crumbly; bedding same as 
unit 3. 19.5 

6. Silty sandstone: Same as unit 4; laterally unit increases 
in thickness to 4 feet and thins to 0 feet; base is chan-
neled. 1. 5 

5. Sandy siltstone: Pale-red (5R 6/2); silt to fine-grained 
sand; composed of clear and stained quartz; mica ac
cessory mineral; weakly cemented, calcareous; splits 
fissile and crumbly; bedding same as unit 3. 7.5 

4. Silty sandstone: Pale-red-purple (5RP 6/2); silt to very 
fine grained sand; poorly sorted; composed of stained 
quartz; mica accessory mineral; weakly cemented, cal
careous; irregular, lenticular, thin-bedded; lenticular 
and wedge trough crossbedding, low to very low angle 
and srnall- to medium-scale crossbeds; pseudocros9-
bedding; weathers blocky and hackly; forms a regular 
ledge; base is sharp and irregular with half a .foot of 
relief. 2.0 

3. Sandy siltstone: Pa1e-red-purple (5RP 6/2); silt to very 
fine grained sand; mica accessory mineral; weakly ce
mented, calcareous; splits fissile; flat, lenticular, very 
thin bedded; weathers smooth and hackly; forms an ir-
regular and covered slope. 28.5 

UPPER JURASSIC-Continued i'ee! 
Entrada Sandstone-Continued 

3. Conglomerate: Light-brown (5YR 6/4), weathering light
brown (5YR 5/6); trough crossbedding, low-angle and 
medium- to large-scale crossbeds; weathers knobby; 
forms a prominent, irregular ledge; contains varie
gated red, brown, yellow, black, and green colors; 
base is irregular. 

Matrix: Very fine to very coarse grained; poorly 
gorted; composed of subrounded, clear, amber, 
and smoky quartz; jasper, feldspar, and black 
accessory minerals. 

Gravel: Composed of chalcedony, jasper, and 
quartz pebbles, t to 3 inches in diameter; 
pebbles are concentrated along bedding planes. ~ 

Total Entrada Sandstone 246. B 

UPPER TRIASSIC: 
Wingate Sandstone: 

Rock Point Member: 
2. Covered interval: Light-brown (5YR 6/4); forms a soil-

covered, rolling slope. 161 
Chinle Formation: 

Owl Rock Member: 
1. Limestone: Grayish-red (5R 4/2); aphanitic; gnarly, 

irregularly bedded; weathers blocky; forms an irregu
lar ledge; contains abundant siltstone inclusions; base 
is concealed. 2.0 

74. -Petrified Forest 

Point of Bluff, central part of Petrified Forest National Monument, 
half a mile south of the Rio Puerco 

[Measured by M. E. Cooley and J. P. Akers] 

UPPER TRIASSIC: 
Chinle Formation: 

Petrified Forest Member, upper part: 
13. Silty sandstone: Light-alive-gray (5Y 6/1); silt to fine

grained sand; fair-sorted; composed of subrounded, 
clear and stained quartz; black accessory minerals; 
firmly cemented; lenticular, irregular, thin- to thick
bedded; wedge trough and planar crossbedding, low
angle and small- to medium-scale crossbeds; weath
ers blocky and hackly; forms an irregular ledge; lower 
part of unit is more massive. 16.5 

12. Silty sandstone, siltstone, limestone conglomerate, and 
mudstone slope unit: Lenticular, very thick bedded; 
weathers hackly; forms an irregular and rolling slope; 
base is gradational. 

d. Silty sandstone (49 feet above 
base): Light-greenish-gray 
(5GY 8/1); silt to very fine 
grained sand; fair-sorted; 
composed of clear quartz; 
mica and black accessory 
minerals; firmly cemented. 23.5"=:: 

c. Siltstone (27 feet above base): 
Pale-greenish-yellow (lOY 
8/2); black accessory min
erals; weakly cemented, 
calcareous. 15 + 

b. Limestone conglomerate 
(l9 feet above base): White 
(N 9); silt to very coarse 
grained sand; poorly sorted; 
compos ed of clear and 
stained quartz; well to 
firmly cemented. 8.0+ 

a. Mudstone (11 feet above 
base): Medium-gray (N 5); 
clay and silt; weakly 
cemented. 15+ Gl.5.,2 

11. Sandstone: Pinkish-gray (5YR 8/1); silt to-coarse-grained 
sand; poorly sorted; composed of subrounded to sUbangu
lar, clear, stained, and frosted quartz; black accessor,\" 
minerals; well-cemented; irregular, lenticular, thick 
to very thick bedded; wedge simple and trough cross
bedding, low-angle and small- to medium-scale cross
beds; weathers blocky; forms an irregular cliff; peb
bles less than 2 inches in diameter; some limestone 
pebbles; coarse-grained material along crossbedding 
planes and in stringers; basE' is sharp. 27.5 

10. Silty sandstone and mUdstone slope unit: Flat, lenticular, 
thin to very thick bedded; weathers hackly; forn)s an 
irregular slope; base is gradational. 

d. Silty sandstone (37 feet above 
base): Light- greenish- gray 
(5GY 8/1); silt to very fine 
grained sand; composed of 
clear and stained quartz; 
mica and black accessory 
minerals; firmly cemented. 24.5+ 

c, Limestone conglomerate 
(28 feet above base): Very 
fine to medium-grained 
sand; composed of sub
rounded to sub angular , 
clear and stained qURl'tz; 
red and black accessory 
minerals; firmly ce- . 
mented; contains Unio(?). 1. n~ 



2B. Limy sandstone: Yellowish-gray (5Y 8/1); very fine to 
fine-grained; fair-sorted; composed of subangular. 
clear quartz; mica accessory mineral; firmly ce
mented, calcareous; splits flaggy and platy; lenticular, 
thin- to thick-bedded; lenticular trough crossbedding, 
low- to medium-angle and small- to medium-scale 
crossbeds; weathers hackly; forms an irregular ledge; 
hase is gradational. 

2A. Limestone conglomerate: Well-cemented~ calcareous; 
splits massive; lenticular, very thick bedded; weathers 
blocky; forms an irregular ledge; contains a quartz 
pebble 3 inches in diameter; a few hematite nodules; 
reptile teeth and bone fragments; base is sharp and 
irregular. 

1. Covered interval. 

Total incomplete lower red member 
Total incomplete Chinle Formation 

OFF RESERVATION 

73. -Nutria Springs 

mile northwest of Nutria, N. Mex. 

[Measured by R. L. Jackson, S. A. Johnson, and H. A. Whitcomb] 

UPPER .-\ND LOWER CRETACEOUS: 
Dakota Sandstone: 

16. Sandstone: Grayish-orange-pink (5YR 7/2); very fine to 
fine-grained; fair-sorted; composed of subangular, 
clear quartz; rare green accessory minerals; weakly 
cemented, calcareous; simple and trough crossbed
ding, small-scale crossbeds; weathers blocky; forms 
an irregular cliff; commonly contains stringers of 
calcite; base is sharp and irregular. 

15. Carbonaceous shale and coal: Grayish-black (N 2); flat, 
irregular, laminated; weathers hackly; forms an ir
regular slope; base is flat and irregular. 

14. Covered interval: Forms a talus-covered, regular slope; 
may include part of the Morrison Formation. 

Total incomplete Dakota Sandstone 
UPPER JURASSIC: 

Morrison Formation: 
\\ estwater Canyon Member: 

13. Sandstone: Pale-reddish-brown (lOR 5/4); very fine to 
fine-grained; fair-sorted; composed of subrounded, 
clear and stained quartz; rare green accessory min
erals; weakly cemented, noncalcareous; simple and 
trough crossbedding, medium- to large-scale cross
beds; weathers smooth and rounded; forms a rounded 
cliff; commonly contains argillaceous material; gran
ules of feldspar, quartz, and jasper occur along cross
bedding planes; base is sharp and irregular. 

Cow Springs Sandstone: 
12. Sandstone: Same as unit 11; flat, irregularly bedded; 

commonly contains clay galls; base is sharp and ir
regular. 

11. Sandstone: Moderate-reddish-brown (lOR 4/6); very 
fine grained; well-sorted; composed of subangular, 
clear and stained quartz; common mica and rare 
green accessory minerals; weakly cemented, slightly 
calcareous; simple and trough crossbedding, low
angle and large-scale crossbeds; weathers smooth 
and rounded; forms a rounded cliff; contains argilla
ceous material; surface of rocks is flecked with white 
spots; base is sharp and irregular. 

10. Sandstone: Grayish-arange-pink (5YR 7/2); very fine 
grained; fair-sorted; composed of subangular, clear 
quartz; rare red and black accessory minerals; weakly 
cemented, slightly calcareous; trough crossbedding, 
medium-scale crossbeds; weathers smooth and rounded; 
forms a rounded cliff; contains sandstone inclusions 
1 to 3 inches in diameter and thin granule zones near 
top; poorly formed red banding on gray weathered sur
face of cliff face; base is sharp. 

Morrison Formation: 
Recapture Shale Member: 

9. Sandstone: Pale-red (5R 6/2); fine-grained; poorly 
sorted; composed of subangular, clear quartz; rare 
black accessory minerals; weakly cemented, slightly 
calcareous; flat, irregular, thin-bedded; weathers 
smooth and rounded; forms a rounded cliff; contains 
argillaceous material; base is sharp. 

Total Morrison Formation and Cow Springs 
Sandstone 

Summerville Formation and Cow Springs Sandstone undifferentiated: 
8. Sandstone: Same as unit 4; flat, irregularly bedded; forms 

a prominent niche at top of unit. 
7. Sandstone: Same as unit 4; simple and trough crossbed

ding, medium-scale crossbeds. 

Entrada Sandstone: 

Total Summerville Formation and Cow Springs 
Sandstone undifferentiated 

6. Sandstone: Same as unit 4; flat, irregularly bedded. 
5. Sandstone: Same as unit 4; trough craB-shedding, medium

to large-scale crossbeds. 
4. Sandstone: Light-brown (5YR 6/4); fine-grained; fair

sorted; composed of subrounded, clear and stained 
quartz; rare red and black accessory minerals; firmly 
cemented, calcareous; flat, irregular, very thin bed
ded; weathers smooth and rounded; forms a rounded 
ledge; base is irregular. 

9.0 

13 
25+ 

132.5+ 
581+ 

6.0 

18 

~ 
109.2 

41. 2 

29.5 

61. 7 

164.1 

40 

336.5 

44 

143.4 

10 

204.2 

24.2 

b. Mndstone (27 feet above base): 
Medium-light-gray (N 6); 
clay and silt; weakly 
cemented. 9,0.:1: 

a, Silty sandstone (11 feet above 
base): Light-brownish-gray 
(5YR 6/1) and ;;rayish-red
purple (5RP 4/2); silt to 
fine-grained sand; com
posed of stained quartz; 
black accessory minerals; 
firmly cemented. 18+ 

9. Sandstone and silty sandstone: Grayish-purple (5P 4/2); 
silt to fine-grained sand; fair-sorted; composed of sub
rounded to Bubangular, clear and stained quartz; mica, 
and green and black accessory minerals; firmly ce
mented; irregular, lenticular, thin- to thick-bedded; 
wedge trough and planar cro'ssbedding, low-angle and 
small- to medium-scale crossbeds; weathers rounded 
and blocky; forms an irregular ledge; base of unit con
tains 1-foot-thick conglomerate bed composed of angu-
1ar limestone fragments and mudstone pellets; base is 
sharp. 

8. Siltstone: Grayish-red-purple (5RP 4/2); weakly ce
mented; massive; flat, very thick bedded; forms an 
irregular slope; contains limestone nodules; base is 
gradational. 

Total incomplete upper part of the 
Petrified For est Member 

Petrified Forest Member, Sonsela Sandstone Bed: 
7. Silty sandstone, sandstone, and mudstone: Contains 

pebbles and small cobbles as much as 5 inches in 
diameter concentrated in channels as much as 4 feet 
deep; irregular, lenticular, thin to very thick bedded; 
lenticular and wedge planar and trough crossbedding, 
low-angle and small- to medium-scale crossbeds; 
weathers rounded and blocky; forms an irregular 
cliff and ledge; base is sharp. 

c. Silty sandstone (27 feet above 
base): Very light gray (N 8); 
silt to medium-grained sand; 
poorly sorted; composed of 
rounded to subrounded, 
clear, stained, and frosted 
quartz; mica, and green, 
red, and black accessory 
minerals; weakly cemented. 22. 5~ 

b. Sandstone and mudstone 
(11 feet above base): Pink
ish-gray (5YR 8/1) to me
dium-gray (N 5); clay to 
medium-grained sand; 
poorly sorted; composed 
of subangular, clear, 
stained, and frosted quartz; 
mica, and green and black 
accessory minerals; weakly 
to firmly cemented. 8.0+ 

a. Sandstone (5 feet above base): 
Very light gray (N 8); very 
fine to medium-grained; 
fair- to well-sorted; com
posed of rounded to subangu
lar, clear I stained, and 
frosted quartz; mica and 
black accessory minerals; 
well-cemented. 8.0+ 

Petrified Forest Member, lower part: 
6. Sandy mudstone, sandstone, and sandy siltstone slope unit: 

Flat, lenticular, thin- to thick-bedded; forms an irregu
lar slope; base is gradational. 

c, Sandy mUdstone (11 feet above 
base): Medium-gray (N 5); 
clay to fine-grained sand; 
composed of clear quartz; 
mica accessory mineral; 
weakly cemented; contains 
bleached spots. 7.0.+ 

b. Sandstone (5 feet above 
base): Pinkish-gray 
(5YR 8/1); very fine to 
fine-grained, a few me
dium grains; fair-sorted; 
composed of rounded to 
subrounded, clear and 
stained quartz; mica 
and black accessory 
minerals; firmly cemented. 4.0+ 

a. Sandy siltstone (2 feet above 
base): Grayish-red-purple 
(5RP 4/2); silt to fine
grained sand; composed 
of rounded to subangular, 
clear and stained quartz; 
mica and black accessory 
minerals; weakly cemented. 4.0+ 

5. Silty sandstone: Pinkish-gray (5YR 8/1) and pale-red
purple (5RP 6/2), mottled; silt to fine-grained sand; 
fair-sorted; composed of rounded to subrounded, clear 
and stained quartz; mica and black accessory minerals; 
firmly cemented; very thick bedded; low-angle and me
dium- to large-scale crossbeds; weathers rounded and 
blocky; forms a vertical cliff; contains flat mudstone 
pebbles as much as three-eighths of an inch in diam
eter; pebbles are in stringers; base is sharp. 

4, Sandy Siltstone, sandy mUdstone, mudstone, and silty 

52.5.:1: 

11 

196.5.:1: 

15+ 

13 

154 



Table 3. --Selected stratigraphic sections in the Navajo and Hopi Indian Reservations, Arizona, Nl'w M(!xico, and Ul ail-Continu!,d 

UPPER TRIASSIC-Continued 
Chinle Formation-C ontinued 

Petrified Forest Member, lower part-Continued 
sandstone slope unit: 11'lat, lenticular, thic k tu very 
thick bedded; weathers smooth and rounded; forms an 
irregular and rolling slope; base is gradational. 

r. Sandy siltstone (5H feet above 
base): Grayish-red-purple 
(5RP 4/2); silt to very fine 
grained sand; mica acces
sory mineral; weakly ce-
mented. 16+ 

e. Sandy siltstone (4D feet above 
base): Light-greenish-gray 
(5GY 8/1) and pale-red
purple (5RP 6/2), mottled; 
silt to very fine grained 
sand; composed of clear 
and frosted quartz; mica 
and black accessory min-
erals; weakly cemented. 18+ 

d. Sandy mudstone (22 feet 
above base): Grayish-red
purple (5RP 4/2); clay to 
fine-grained sand; com
posed of subangular to 
angular quartz; mica and 
black accessory minerals; 
weakly cemented. 18+ 

c. Mudstone (14 reet above 
base): Grayish~red-purple 
(5RP 4/2); clay and silt; 
weakly cemented. 5.0..:.:!:. 

b. Silty sandstone (8 reet above 
base): Yellowish-gray 
(5Y 7/2) to pale-red(5R6/2); 
silt to fine-grained sand; 
poorly sorted; composed of 
subangular to angular, clear 
and stained quartz; mica, 
and red and black accessory 
minerals; weakly to firmly 
cemented. 4.0+ 

a. Mudstone (5 feet above base): 
Grayish-red (5R 4/2); clay, 
silt, and very fine grained 
sand; weakly cemented. 7.0+ 

3. Silty sandstone: ""hite (N 9) to pale-red-purple (5RP 6/2), 
mottled; silt to very COarse grained sand; poorly sorted; 
composed of subangular to angular, clear, stained, and 
frosted quartz; mica and black accessory minerals; 
weakly to firmly cemented; flat, lenticular, thin- to 
thick-bedded; wedge trough crossbedding; weathers 
smooth and rounded; forms a rolling slope; contains 
pebbles less than three-quarters of an inch in diam
eter; base is gradational. 

2. Mudstone, sandy mudstone, and siltstone slope unit: 
Flat, very thick bedded; forms an irregular and rolling 
slope; contains limestone nodules; base is concealed. 

d. Mudstone (81 reet above 
base): Grayish-blue (5PB 
5/2); clay, silt, and very 
fine grained sand; mica 
and black accessory min-
erals; weakly cemented. 6.0+ 

c. Sandy mudstone (38 reet 
above base): Medium
light-gray (N 6); clay to 
very fine grained sand; 
weakly cemented. 51+ 

b. Siltstone (I.'J reet above 
base): Yellowish-gray 
(5Y 7/2), grayish-blue 
(5PB 5/2), and gra;yish
red-purple (5RP 4/2), 
mottled; weakly cemented; 
black and brown inclusions 
with bleached zones around 
some of them, partly sili-
ceous. 15+ 

a. Mudstone (5 feet above base): 
Grayish-red (lOR 4/2); clay 
and silt; mica accessory 
mineral; weakly cemented; 
contains bleached zones and 
spots. 12+ 

1. Covered interval. 

Total incomplete lower part of the Petrified 
Forest Member 

Total incomplete Chinle Formation 

75. -Holbrook 

South of the Little Colorado River, 2 miles south of Holbrook 

[Measured by M. E. Cooley and .J. P. Akers J 

UPPER TRIASSIC: 
Chinle Formation: 

Shinarump Member: 
9. Conglomerate: Light-gray (N 7); flne to very coarse 

grained; composed of 8ubrounded to 8ubangular quartz; 
rounded pebbles and small cobbles as much as 4 inches 
in diameter; firmly cemented, siliceous; very thick 

68:!: 

24 

84+ 
50+ 

254+ 
489+ 

TERTIAHY -Continued 
Hidahochi{?) FOl'Illatif)Il-Continut~d 

I,ower(?) llIernl)(~I'---Conlinu{'d 
f. Silty SlllldstOIW: Ydlowish

~l'ay (5Y H/1), vel'y light 
gt'ay (N Ill, and light-gray 
(N 7); clay to coarse
grained sand, a few very 
coarse grains; poorly 
surted; composl'd chiefly 
of sUhangulat to angular, 
clear quartz; muscovite, 
biotite, and black acces
sory minerals; weakly ce
mented, calcareous and 
ar gillac eous; splits crumbly; 
hedding same as unit {ja. 7. fJ 

e. Sandy sillf.;tone and silty sand
stone: Pale-red (5R 0/2); 
clay to fine-grained sand; 
poorly sorted; composed of 
Bubrouncled tu subangular. 
stained quartz; muscovite, 
biotite, and black acces
sory minerals; weakly 
cemented, aq:.,rillaceous 
and slightly calcareous; 
splits shaly and crumbly; 
bleached in upper 4 feet; 
iron oxide(?) streaks; bed-
ding same as unit 5b. 14 

d. Sandstone and conglomerate: 
Yellowish-gray (5Y 1l/1) to 
light-gray (N 7); splits 
crumbly and friable; bed
ding same as unit 4; for ms 
a small ledge; contains a 
few calcite veins. 

Matrix: Clay to very 
coarse grained sand; 
poorly sorted; com
posed chiefly of sub
angular to angular, 
clear quartz; musco
vite, biotite, and 
black accessory min
erals; weakly to 
firmly cemented, 
argillaceous and 
slightly calcareous. 

Gravel: Pebbles com
posed of chert, quartz
ite, and other siliceous 
material. 32 

c. Siltstone: Pale -red-purple 
(5RP 6/2); silt and very 
fine grained sand; musco
vite accessory mineral; 
weakly ceme.nted, argilla-
ceous; splits shaly. 113 

b. Silty sandstone: Pale-red 
(5R 6/2); clay to medium
grained sand; poorly sorted; 
composed chiefly of sub
angular to angular, clear 
quartz; black accessory 
minerals; weakly cemented, 
argillaceous and slightly 
calcareous; splits crumbly; 
upper part of unit is lighter 
in color. 2~~ 

a. Silty sandstone, partly con
glomeratic: Very pale or
ange (lOYR 8/2), yellowish
gray (5Y 8/]), and grayish
red (lon 4/2); clay to me
dium-grained sand, some 
cuarse to very COarse 
grains; poorly sOl'ted; 
composed chiefly of sub
angular to angular, clear 
and stained quartz; biotite(?) 
and black accl->ssory mint'r
als; weakly cC'l11pntl"d, al'gil
laceous and slightly calcul'p
ous; bedding same as unit ;-)<1; 

contains some l11udstOl1l'; \\'l'll
l'OUI1(\t'd to suhangulal' pt'bblt's 
compos cd of quartzite, cllt'rt, 
and siliceous material. II. n 

5. Mudstnnt', siltstone, Claystone, and silty santistOl1l': 
Lenticular bt'dding; bast' is gealintinnal. 

h. MudHtonl': Very light gra;\' 
(N tI), medium-light-gl'ay 
(N 6), and gTayish-blue 
(51'B 5/2); clay and silt; 
l11uscovih.' or volcanic 
glass shards acct'ssory 
Illilwral; weakly celllenh'd, 
al'gillaceous; splits shaly; 
bedding saml' as unit f>b. [l. II 

g. Siltstone: Very light gray 
(N Il) to yellowish-gray 
(5Y H/]); clay, silt, and 



bedded; low- to high-angle and medium- to large-scale 
crossbeds; weathers blocky; forms a vertical cliff; 
base is sharp. 32+ 

UNCONFORMITY: Erosional, 20 feet of rellef. 
MIDDLE(? ) AND LOWER TRIASSIC: 

Moenkopi Formation: 
Holbrook Member: 

8. Sandstone: Light-gray (N 7), weathering pale yellowish 
brown (lOYR 6/2); silt to fine-grained sand; poorly 
sorted; composed of subangular, clear and stained 
quartz; firmly cemented; very thin to thin-bedded; 
weathers blocky; forms an irregular ledge; contains 
mudstone lenses, mud pellets, current marks, and 
possible tracks; base is sharp. 10 

7. Siltstone: Pale-reddish-brown (lOR 5/4); weakly ce
mented, calcareous; massive; weathers hackly; 
forms a partly covered and irregular slope; base is 
gradational. 24 

6. Sandstone: Pale-red (lOR 6/2); silt to fine-grained sand; 
poorly sorted; composed of rounded to Bubangular, 
clear quartz; mica and black accessory minerals; 
weakly cemented, calcareous and gypsiferous; irregu
lar, lenticular, thick to very thick bedded; unit is a 
set; lenticular and wedge trough crossbedding, low
angle and medium-scale crossbeds; weathers blocky 
and pitted; forms an irregular ledge; base is sharp 
and irregular with channels as much as 6 feet deep. 14 

Total Holbrook Member 48 

Moqui Member: 
5. Siltstone: Light-brown (5YR 6/4); weakly cemented, 

gypsiferous and calcareous; flat, lenticular, very thin 
to thin-bedded; medium- to large-scale crossbeds; 
forms an irregular slope; contains gypsum beds less 
than 3 inches thick, a I-foot -thick bed near top of unit; 
grades locally into mudstone; upper 6 feet of unit is 
sandy; bleached streaks common; base is gradational. 85 

\\upatki Member: 
-lB. Silty sandstone: Light-brown (5YR 6/4); silt to very 

fine grained sand; poorly sorted; composed of subangu
lar quartz; mica and black accessory minerals; weakly 
cemented) calcareous; irregular, lenticular, very thin 
bedded; weathers hackly; forms an irregular ledge and 
slope; base is gradational. 11 

4A. Sandstone: Grayish-orange-pink (5YR 7/2), weathering 
light brown (5YR 6/4); silt to fine-grained sand; fair
sorted; composed of subrounded quartz; black acces
sory minerals; firmly cemented, calcareous; irregu
lar) lenticular, thick to very thick bedded; unit is a 
set; lenticular and wedge simple and trough crossbed
ding; convex, low-angle and medium-scale crossbeds; 
forms an irregular ledge; base is sharp. 8.5 

3. Siltstone: Pale-reddish-brown (lOR 5/4); silt and very 
fine grained sand; poorly sorted; composed of sub
rounded quartz; weakly cemented, calcareous; flat, 
irregular, lenticular, very thin to thin-bedded; weath
ers rounded and hackly; forms a partly covered and 
regular slope; contains a few thin beds of mudstone 
and silty sandstone; base is gradational. 3.5 

2. Silty sandstone: Very pale orange (lOYR 8/2); silt to 
very fine grained sand; fair to poorly sorted; weakly 
cemented~ calcareous; flat, lenticular, very thin to 
thin-bedded; weathers hackly; forms a regular slope; 
contains ripple marks and muscovite flakes concen
trated along ripple-laminated planes; base is flat and 
partly concealed. 2.0 

Total Wupatki Member 25 
Total Moenkopi Formation 158 

PERMIAN: 
Coconino Sandstone: 

1. Sandstone: Grayish-orange (lOYR 7/4); very fine to 
fine-grained; well-sorted; composed of subrounded, 
clear quartz; firmly cemented, siliceous; very thick 
bedded; simple and trough crossbedding, high-angle 
crossbeds. 10+ 

76. -Cedar Ranch 

24 miles northwest of Flagstaff, 
18 miles southwest of Gray Mountain Trading Post 

[Measured by M. E. Cooley] 

TERTIARY: 
Pliocene(?) basalt: 

7. Basalt: Undescribed. 20+ 
Bidahochi{? ) Formation: 

Lower(?) member: 
6. Mudstone, s11ty sandstone, sandy siltstone, sandstone, 

conglomerate, and siltstone: Bedding same as unit 5; 
contains altered volcanic ash; base is gradational. 

h. Mudstone: Yellowish-gray 
(5Y 8/1), medium-light
gray (N 6), and grayish
purple (5P 4/2); clay and 
silt; weakly cemented, cal
careous and argillaceous; 
splits shaly and crumbly; 
swells when wet; contains 
lenses of red mudstone. 51 

g. Mudstone: Grayish-red (lOR 
4/2); clay and silt; musco
vite or volcanic glass shards 
accessory mineral; weakly 
cemented, argillaceous; 
splits shaly. 19 

very fine grained sand; 
muscovite or volcanic 
glass shards and black 
accessory minerals; 
weakly cemented, cal
careous and argillaceous; 
splits fissile; bedding 
same as unit 5c. 8. 5 

f. Claystone: Medium-light
gray (N B); clay and some 
silt; muscovite or volcanic 
glass shards accessory 
mineral; weakly cemented, 
argillaceous and slightly 
calcareous; splits fissile; 
bedding same as unit 5b. 17.5 

e. Silty sandstone: Light-olive
gray (5Y B/1); silt to very 
coarse grained sand; poorly 
sorted; composed chiefly 
of subangu1ar to angular, 
clear quartz; muscovite 
and black accessory min
erals; weakly cemented, 
calcareous and argilla
ceous; splits shaly and 
crumbly; contains chert 
grains and other unidenti
fied material; bedding 
same as unit 5c. 5. 5 

d. Mudstone: Very light gray 
(N 8); clay and silt; musco
vite or volcanic glass shards 
and black accessory miner
als; weakly cemented, argil
laceous; splits shaly; bed-
ding same as unit 5b. 8.5 

c. Silty sandstone: Very pale 
orange (10YR 8/2) to yellow
ish-gray (5Y 8/1); clay to 
medium-grained sand, a few 
coarse grains; poorly sorted; 
composed chiefly of rounded 
to subangular, clear and 
stained quartz; black acces
sory minerals; weakly ce
mented, argillaceous and 
slightly calcareous; lentic
ular bedding; low- to me
dium-angle and medium-
to large-scale crossbeds. 6.5 

b. Mudstone: Greenish-gray 
(5G 6/1) and brownish-
gray (5YR 4/1), alternating; 
clay and silt; muscovite and 
biotite(?) accessory miner
als; weakly cemented, argil
laceous and slightly calcare
ous; flat, lenticular 1 thick-
bedded. 19.5 

a. Silty sandstone: Yellowish
gray (5Y 8/1); clay to fine
grained sand; composed of 
subrounded to angular, 
clear and rare stained 
quartz; muscovite, biotite, 
and black accessory min
erals; weakly cemented, 
argillaceous; splits shaly 
and crumbly; lenticular, 
thin to very thick bedded; 
lenticular and wedge trough 
crossbedding, very low to 
low-angle and large to very 
large scale crossbeds; 
weathers hackly and puffy; 
forms a regular, rolling, 
and covered slope; breaks 
apart when wet; quiet fluvia
tile and flood-plain environ-
ment; base is gradational. 16 

4. Silty conglomeratic sandstone: Ver'j pale orange (10YR 
8/2) and grayish-orange (lOYR 7/4); clay to very 
cOarse grained sand; poorly sorted; composed chiefly 
of subrounded to subangular, clear quartz; biotite and 
black accessory minerals; weakly to firmly cemented, 
calcareous and argillaceous; splits flaggy and crumbly; 
lenticular, thick to very thick bedded; lenticular trough 
crossbedding, low- to medium-angle and medium- to 
large-scale crossbeds; weathers hacklyand crumbly; 
forms an irregular ledge and regular slope; contains 
rounded to subrounded pebbles and cobbles of yellowish
buff quartzite, chert, porphyritic felsite; a few pebbles 
less than t inch in diameter are composed of very pale 
orange (lOYR 8/2), tuffaceous, fine-grained, igneous 
rock containing biotite; contains angular fragments of 
petrified wood, 1 to 2 feet in size; matrix has many 
sand grains of red jasper and pink and red siltstone; 
contains a few plates of gypsum, which is iron stained 
and appears to be weakly mineralized in part; large 
channels; torrential and quiet fluviatile environment; 
base is sharp and flat. 

Total Bidahochi(? ) For mation 

UNCONFORMITY: Erosional, flat; no relief observed. 

87 

18.5 

277.5 

156 
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Table 3, --Selected stratigraphic sections in the Navajo and Hopi Indian HeHervations, Adzona, New Mexico, and Utah-Continued 

. MIDDLE(? ) AND LOWER TRIASSIC: 
Moenkopi Formation: 

Holbrook Member: 
3. Mudstone: Light-greenish-gray (5G 8/1), greenish-gray 

(5G 6/1), pale-red (5R 6/2), and grayish-red (5R 4/2); 
clay and silt; splits platy and fissile; flat, very thin 
bedded; weathers hackly; forms a regular slope; 
flood-plain environment; base is gradational. 

2. Sandstone: Pale-red (lOR 6/2) to pale-reddish-brown 
(lOR 5/4); silt to fine-grained sand; poorly sorted; 
composed chiefly of stained quartz, some clear quartz; 
muscovite and black accessory minerals; weakly to 
firmly cemented; splits flaggy and crumbly; lenticu
lar, thick-bedded; lenticular wedge trough and planar 

Feet 

34 

MIDDLE(?) AND LOWEH THIASSIC -Continued I·'""t. 
Moenkopi Formation-Continued 

1101brook Membel'-Continued 
crossbedding; weathers ruunded and blucky; forms 
an irregular ledge; quiet fluviatile environment; base 
is sharp and irregular with 1 to 2 feet of relief. ~(j. 5 

1. Sandy siltstone: Grayish-red (10H 4/2); silt to very 
fine grained sand; composed of stained quartz; mus
covite accessory mineral; weakly cemented; splits 
shaly and platy; flat, lenticular, very thin bedded; 
weathers hackly; forms an irregular slope; flood-
plain environment; base is concealed. 50 + 

Tutal Moenkopi Formation 110.5+ 


