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S1'RATIGRAPHY AND ORIGIN OF THE CHINLE FORMATION AND 
RELATED UPPER TRIASSIC STRATA IN THE COLORADO 

~ . . . . . . . . . . . . 

PLATEAU REGION 

By J. H. STEWART, F. G. POOLE, and R. F. WILSON 

ABSTRACT 

The Chinle Formation of Late Triassic age is composed of 
various rocks of continental origin, including claystone, sand
stone, limestone, siltstone, and conglomerate. It extends over 
most of the Colorado Plateaus p1·ovince, and related strata are 
recog·nized in adjoining regions. In the southern part of the 
Colorado Plateau it ranges in thickness from a wedge edge to 
slightly more than 1,700 feet but is generally more than 1,000 
feet thick. The formation thins irregularly northward and is 
only 200 to 500 feet thick in much of northeastern Utah and 
northwestern Colorado. 

The Chinle Formation rests unconformably on the under
lying strata. In most of the Colorado Plateau it overlies the 
Moenkopi Formation, of Early and Middle ( ?) Triassic age. 
Along the eastern margin of the Colorado Plateaus province, 
it rests on strata of Permian age and locally on rocks of older 
Paleozoic age. On the flanks of the Uncompahgre and Front 
Range highlands, it overlies Precambrian igneous and meta
morphic rocks. The Chinle Formation is conformably, but 
locally unconformably, overlain for the most part by the Glen 
Canyon roup of Triassic and Jurassic age, but in some places 
it is unconformably overlain by younger Jurassic or Cre
taceous strata. 

The Chinle Formation and related strata are divided into a 
lower (bentonitic) part and an upper (red-beds) part. The 
lower part consists principally of variegated bentonitic clay
stone, clayey siltstone, clayey sandstone, and thin widespread 
layers of sandstone and conglomerate. It contains an abundant 
fossil fauna and flora, including pelecypods, gastropods, arthro
pods, fish, amphibians, reptiles, and plants. The upper part 
consists principally of reddish horizontally bedded or struc
tureless siltstone and generally minor amounts of limestone, 
ripple-laminated siltstone and sandstone, limestone pebble 
conglomerate, and cross-stratified sandstone. Fossils are much 
scarcer in the upper pa1·t than in the lower and are mostly 
pelecypods and gastropods. The contact between these two 
parts of the formation is gradational and intertonguing and 
is ditlicult to locate in some areas. The lithologic differences 
between the two parts indicate differences in environment of 
deposition and in source of sediments. 

The lower part of the Chinle Formation extends over most 
of the Colorado Plateau region. It is over 1,000 feet thick 
near its southern margin in Arizona and New Mexico, and at 
some places in this area it is over 1,500 feet thick. It thins 
to the northeast and is generally no more than a few hundred 
feet thick in most of northwestern Colorado. It may con
veniently be divided into five general stratigraphic units. 
These are, in ascending order: (1) Mottled strata, (2) Shinar
ump and related members, (3) Monitor Butte and related 

members, (4) Moss Back and related members, and (5) Petri
fied Forest Member and the ocher siltstone member. 

The mottled strata are rocks with a peculiar mottling in 
reddish purple, pale reddish brown, and light greenish gray. 
The mottling is thought to have been caused by alteration, 
perhaps associated with the formation of a soil. The alteration 
commonly crosses stratigraphic boundaries and locally ex
tends downward into the top few feet of the rocks directly 
underlying the Chinle Formation. These mottled strata con
sist mainly of siltstone but locally include sandstone, conglom
erate, and other rocks. They are generally a few feet to 25 

·feet thick and have a widespread, though spotty, distribution. 
The Shinarump Member, a thin ledge-forming layer of 

cross-stratified sandstone and conglomerate, extends over 
much of the southern part of the Colorado Plateau. The sand
stone is fine to coarse grained and consists mostly of quartz 
mixed with small amounts of sodic and potassic feldspar and 
of altered volcanic debris. The gravel-sized fragments in the 
conglomerate consist of either quartz, quartzite, chert, or 
volcanic rock. Some of the chert pebbles contain identifiable 
fossils- mostly fusulinids, brachiopods, and bryozoa- that 
indicate source rocks of Permian age. The maximum size of 
gravel fragments in the Shinarump Member decreases toward 
the north. Three other members of the Chinle Formation are 
lithologically similar to, although not identical with, the 
Shinarump Member and are also basal or nearly basal units 
of the Chinle Formation. These three members are (1) the 
Agua Zarca Sandstone Member, in north-central New Mexico, 
(2) an unnamed sandstone member, in north-central New 
Mexico, and (3) the Gartra Member, in northeastern Utah 
and northwestern Colorado. 

Slope-forming claystone and clayey sandstone and inter
stratified thin lenses of ledge-forming ripple-laminated sand
stone overlie the Shinarump and related members. These 
strata are generally 50 to 200 feet thick and are designated 
by different names in different areas. Difference in names 
reflects to some extent lithologic differences in the members. 
The Monitor Butte Member is recognized in southeastern 
Utah and in the Monument Valley area in northeastern Ari
zona; the lower red member, in the Defiance uplift area in 
northeastern Arizona and in the Zuni uplift in west-central 
New Mexico; the Mesa Redondo Member, in the St. Johns
Hunt area in east-central Arizona; a sandstone and mudstone 
member, in the Cameron, Echo Cliffs, and Lees Ferry areas 
in north-central Arizona; and the Salitral Shale Tongue, in 
north-central New Mexico. 

The Moss Back Member is a thin ledge-forming unit com
posed of cross-stratified fine- to medium-grained sandstone 
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2 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

and conglomerate. It extends throughout much of southeast
ern Utah and possibly into parts of westernmost Colorado. 
The sandstone is composed of quartz and small amounts of 
feldspar and altered detrital volcanic debris. The gravel-sized 
fragments in the conglomerate consist mostly of quartz, 
quartzite, and chert. The lower member of the Dolores For
mation in southwestern Colorado and the Poleo Sandstone 
Lentil of the Chinle Formation in north-central New Mexico 
are lithologically similar to the Moss Back Member and may 
be laterally continuous with that member, although exact 
correlations are uncertain. 
. The Petrified Forest Member is the thickest and most wide
spread member in the lower part of the Chinle Formation. 
It is present throughout the southern part of the Colorado 
Plateau. It is over 1,000 feet thick in most of east-central 
Arizona and west-central New Mexico, thins and grades out 
into other members of the Chinle Formation toward the north
east, and reaches a poorly defined northeast limit in south
eastern Utah, southwesternmost Colorado, and northernmost 
New Mexico. The member is composed predominantly of 
brightly colored and variegated horizontally stratified clay
stone and clayey siltstone and cross-stratified clayey sand
stone. These rocks contain montmorillonitic clay probably 
derived from the alteration of volcanic glass, and sand-sized 
material composed of volcanic debris. In some areas the 
member contains units of cross-stratified ledge-forming sand
stone and conglomerate, the most conspicuous of which is 
the Sonsela Sandstone Bed, which covers a large part of 
northeastern Arizona and northwestern New Mexico. 

A unit of ocher and red siltstone and claystone locally con
taining spherulites and nodules of analcite occurs in the Uinta 
Mountains of northeastern Utah and northwestern Colorado 
and is referred to informally as the ocher siltstone member. 
Much of the clay in this member is montmorillonite, which 
indicates a similarity to the Petrified Forest Member to the 
south, although the two members appear to have been de
posited in separate basins. 

The upper part of the Chinle Formation covers north
eastern Arizona, eastern Utah, western Colorado, and parts 
of northwestern New Mexico. It is more than 1,000 feet thick 
in parts of west-central and southwesternmost Colorado but 
thins fairly rapidly in all directions away from those areas. 
The upper part of the Chinle Formation is divided into two 
members: (1) the Owl Rock Member and, at the top, (2) the 
Church Rock Member and related units. 

The Owl Rock Member occurs in an elliptical area embrac
ing most of northeastern Arizona and southeastern Utah and 
small parts of northwestern New Mexico and southwestern 
Colorado. It is typically composed of reddish-brown horizon
tally stratified or structureless coarse siltstone interstratified 
with thin pale-red and light-greenish-gray limestone beds that 
generally form about 5 to 10 percent of the member. The 
detrital grains in the siltstone consist mostly of quartz, 
although small amounts of sadie and potassic feldspar and of 
volcanic debris occur. Much of the limestone has apparently 
formed by replacement of volcanic ash or altered ash. The 
member is as much as 400 feet thick and grades eastward 
into the Church Rock Member and related units. 

At the top of the upper part of the Chinle Formation are 
red-bed units that have been given different names in different 
areas, although they are considered to be physically contin
uous, at least in part, with one another. These units are 
(1) the Church Rock Member of the Chinle Formation in 
southeastern Utah and the Monument Valley area, Arizona, 

(2) the Rock Point Member of the Wingate Sandstone in 
northeastern Arizona and westernmost New Mexico, (3) a 
siltstone member of the Chinle Formation in the Bluewater 
Creek area in west-central New Mexico, (4) a siltstone mem
ber of the Chinle Formation in the Rio Chama area of north
central New Mexico, (5) the middle and upper members of 
the Dolores Formation in the southern part of the San Juan 
Mountains area and all of the Dolores Formation in the 
northern part of that area, and (6) the sandstone and con
glomerate, red siltstone, and upper members of the Chinle 
Formation in northeastern Utah and western Colorado. 

The Church Rock Member and related units are composed 
of reddish-brown and light-brown horizontally stratified or 
structureless coarse siltstone and sandy (very fine grained) 
siltstone, and in many areas minor amounts of horizontally 
laminated, ripple-laminated, and wavy-stratified siltstone and 
sandstone, cross-stratified sandstone, and limestone pebble 
conglomerate. Most of these strata are arkosic. Cross-strati
fied sandstone and associated ripple-marked siltstone are 
abundant in the member and in correlative strata in a narrow 
northwest-trending belt extending from southwestern Colo
rado to central Utah. The Church Rock Member and corre
lative strata are as much as 1,000 feet thick. 

The lower part of the Chinle Formation is considered to 
be a continental deposit laid down in streams and lakes and 
on flood plains; this interpretation is based largely on the 
types of sedimentary structures and fossils. Thin widespread 
sandstone and conglomerate units, such as the Shinarump 
and Moss Back Members, are probably point-bar deposits 
produced by the lateral migration of meandering streams. 
Stream directions, as indicated by the orientation of cross
strata, were mostly north to northwest, indicating a source 
area to the south of the Colorado Plateau region. This source, 
the Mogollon highland, was predominantly a volcanic terrane, 
as indicated by the abundance of volcanic debris in the lower 
Chinle. Fossil-bearing chert pebbles in conglomerate layers in 
the lower Chinle, on the other hand, indicate that some sedi
mentary rocks were exposed in the source area. The U ncom
pahgre and Front Range highlands of Colorado and adjacent 
areas-the alicestral Rocky Mountains-also contributed some 
detrital material to the lower part of the Chinle Formation. 

The upper part of the Chinle Formation may be pre
dominantly a lake deposit, as indicated by the fine texture 
and even bedding of the strata and by the type of fossils. 
Cross-stratified sandstone layers, interpreted to be stream 
deposits, are abundant locally and are most abundant in a 
narrow belt extending from southwestern Colorado to central 
Utah. This belt of sandstone is considered to mark the loca
tion of a major river system. The Uncompahgre and Front 
Range highlands of western Colorado and adjacent areas and 
the Mogollon highland in southern Arizona and adjacent 
States are considered to have been the main source areas 
during deposition of the upper part of the Chinle Formation. 
Granitic and metamorphic rocks and some sedimentary rocks 
were exposed in the Uncompahgre and Front Range high
lands. Rocks exposed in the Mogollon highland were mainly 
volcanic. 

INTRODUCTION 

The Chinle Formation in the Colorado Plateau 
region (pl. 1) has long attracted the attention of 
geologists, both for its scenic qualities and for its 
scientific interest. The brightly colored painted des-
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erts and petrified forests of Arizona, typified by the 
Petrified 'Forest National Park, are carved in the 
Chinle Formation. The strata of the Chinle Forma
tion are widely exposed in canyons and cliffs through
out the Colorado Plateau, and contribute to the beauty 
of Capitol Reef National Monument and Dinosaur 
National Monument in Utah and of Colorado Na
tional· Monument in Colorado. The formation became 
the object of scientific interest with the first geologic 
work on the plateau, and it was described in the 
classic studies of the Colorado Plateau by Maj. John 
W. Powell, G. K. Gilbert, and C. E. Dutton in the 
1870's and 1880's. Since that time, the formation has 
been extensively studied. The Chinle Formation is 
particularly well known for vertebrate fossils and 
for plant fossils such as the silicified tree logs in the 
Petrified Forest National Park in Arizona. In the 
1950's, development of uranium, vanadium, and cop
per deposits in the formation and search for new 
deposits led to an increased interest in the stratig
raphy and origin of the formation. 

The present investigation of the Triassic strata of 
the Colorado Plateau region was designed to obtain 
information regarding areal distribution, local and 
regional differences in rock types, conditions of depo
sition, and sources and character of constituents. This 
study, undertaken by the U.S. Geological Survey on 
behalf of the U.S. Atomic Energy Commission, Di
vision of Raw Materials, as a part of the investiga
tions of the uranium deposits of the Colorado Plateau, 
has led to a better understanding of the habits and 
stratigraphic settings of the ore deposits. 

Study of the Moenkopi Formation of Early and 
Middle ( ?) Triassic age, which underlies the Chinle 
Formation in much of the Colorado Plateau, was 
undertaken at the same time as study of the Chinle 
Formation. The results of the study of the Moenkopi 
Formation are given in a separate report (Stewart 
and others, 1972). 

METHODS OF STUD\' AND SCOPE OF REPORT 

The study of the Chinle Formation comprised six 
principal subjects of investigation: (1) regional 
stratigraphy, (2) lithofacies, (3) orientation of sedi
mentary structures, (4) clay mineralogy, (5) sedi
mentary petrology, and ( 6) characteristics of 
conglomerate layers. 

Hegional stratigraphic study consisted of detailed 
correlation of lithologic units throughout the Colo
rado Plateau region to establish a firm background on 
the distribution, lithology, facies, and thickness of 
units. About 100 stratigraphic sections were mea
sured and described in outcrops, and many sections 

measured by other geologists were studied in the 
field. Stratigraphic units were correlated between 
sections on the basis of lithologic characteristics and 
also by tracing of units along outcrops. The study 
consisted mostly of examining outcrops, which are 
plentiful. Some study of drill-hole logs was under
taken to correlate units· in the subsurface and de
termine thicknesses; but·this part of the investigation 
was minor in comparison with the surface study. 

The lithofacies study consisted of determining the 
regional variation in rock types within different parts 
of the Chinle Formation. Examination of over 100 
stratigraphic sections has led to an understanding of 
the overall change in sedimentary facies and has 
helped delimit possible source areas and dominant 
sedimentary environments. 

Study of sedimentary structures consisted of de
termining the orientation of cross-strata and, to a 
lesser extent, of ripple marks and fossil logs in the 
Chinle Formation. It led to interpretation of regional 
drainage patterns and source areas and assisted in 
determination of sedimentary environments. 

Determination of clay minerals by X-ray diffrac
tion methods indicated differences in clay mineralogy 
between stratigraphic units that led to interpretations 
of the origin and source areas of the Chinle Formation. 

Study of sedimentary petrology determined regional 
differences in composition and texture of the strata, 
particularly sandstone and coarse siltstone units, by 
means of statistical analyses of grain-size distribution 
and of composition of detrital and allogenic constitu
ents. It also led to interpretations of the origin and 
source areas of the formation. 

The conglomerate characteristics determined were 
the composition, average and maximum size, color, 
roundness, and sphericity of gravel-sized material at 
more than 100 localities. Fossils in pebbles and cob
bles were identified by paleontologists of the U.S. 
Geological Survey to determine the age of the strata 
from which the clasts were derived. Results of this 
study of the conglomerate layers contributed largely 
to the delineation of possible source areas. 

This report describes in full the results of the 
regional stratigraphic and lithofacies studies and sum
marizes the results of studies of sedimentary struc
tures, sedimentary petrology, and conglomerates. The 
results of the clay-mineralogy study have already been 
published (Schultz, 1963). The report also summa
rizes the paleontology of the formation and interprets 
the depositional history. 

FIELD AND OFFICE WORK 

Fieldwork on the project started in the summer of 
1951 and continued, during the field season, through 
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1956. Some field checking was done during 1957. 
Laboratory research and compilation of material was 
done as the project continued. 

The following geologists worked on the project: 
Laurence C. Craig ( 1951-52), Thomas E. Mullen 
( 1951-52), Phillip Katich ( 1951), George A. Williams 
(1951-55), Howard F. Albee (1952-55), John H. 
Stewart (1952-58), Orner B. Raup (1953-55), Forest 
d. Poole (1954-58), William Thordarson (1955-56), 
and Richard F. Wilson (1955-58). The project was 
originally headed by L. C. Craig, who continued as 
advisor to the project throughout the study. G. A. 
Williams was in charge from 1953 to 1955, and 
J. H. Stewart, from 1955 until completion. Physical 
stratigraphy was investigated mainly by J. H. Stew
art, F. G. Poole, and R. F. Wilson; lithofacies, by 
R. F. Wilson; sedimentary structures, by F. G. Poole, 
0. B. Raup, and G. A. Williams; and conglomerates, 
by William Thordarson and H. F. ·Albee. Two re
lated studies were carried on in coordination with the 
main work; sedimentary petrology was studied by 
R. A. Cadigan from 1951 to 1961, and clay mineral
ogy was studied by L. G. Schultz from 1954 to 1957. 

The project benefited from consultations of project 
personnel with other geologists of the Geological Sur
vey and the Atomic Energy Commission and with 
geologists associated with universities and the mining 
and oil companies. The help of these other geologists 
is gratefully acknowledged. Of particular help were 
disc_ussions with J. W. Harshbarger, M. E. Cooley, 
and C. A. Repenning, who mapped and studied the 
stratigraphy of the Navajo Indian Reservation in 
Arizona. We also thank the many field assistants who 
helped with the project. 

KEY TO NUMBERED LOCALITIES 

Plate 1 shows the location of numbered localities 
referred to in this report, and table 1 shows, by State, 
the number, name, and location of the locality and the 
source of information. The numbering system is 
separate for each State and consists of a letter prefix 
and a number; locality C-1, for example, refers to 
the first numbered locality in Colorado, and U-1, to 
the first numbered locality in Utah. Numbers for 
localities are the same as those used in a report on 
the Moenkopi Formation (Stewart and others, 1972) ; 
gaps in numbers represent localities not pertinent to 
this report. 

Where data presented in the figures and text differ 
from those given in the basic source material, differ
ences indicate a reinterpretation of the data. 

THE COLORADO PLATEAU REGION 

The Colorado Plateau (pl. 1) is a relatively elevated 
structural platform of fiat-lying sedimentary strata 

comprising an area of 150,000 square miles in Utah, 
Colorado, Arizona, and New Mexico. It is bounded 
on the south and west by the Basin and Range fault
block mountains of New Mexico, Arizona, and N e
vada; on the northwest and north by the Wasatch 
Mountains and the Uinta Mountains, respectively, 
both in the central Rocky Mountain system; and on 
the east by the southern Rocky Mountain system (pl. 
1). The structure within the Colorado Plateau is rela
tively simple: the mantle of sedimentary rocks is 
fiat-lying or gently dipping in most areas. Monoclines, 
faulted monoclines, and normal faults fold and break 
the strata along generally north- or northwest-trend
ing belts. Broad uplifts, including the Zuni, Defiance, 
Monument, Circle Cliffs, and Uncompahgre uplifts 
and the San Rafael Swell, elevate the strata; even 
larger basins, including the San Juan, Black Mesa, 
Uinta, and Piceance basins, depress the strata. Belts 
of northwest-trending salt structures, characterized 
by thickened masses of salt that have intruded and 
disrupted the overlying rocks, occur in east-central 
Utah and west-central Colorado. Laccolithic moun
tains of Cretaceous ( ?) and Tertiary age puncture 
the sedimentary layers in isolated areas and include 
the Carrizo, Ute, La Plata, Rico, Abajo, Henry, and 
La Sal Mountain groups. Volcanic rocks of Tertiary 
and Quaternary age occur within the Colorado Plateau 
but are most abundant along the margins. 

For the most part, the sedimentary strata that 
mantle the Colorado Plateau are relatively thin forma
tions of wide extent. The plateau throughout much of 
Paleozoic and Early Mesozoic time was a broad shelf 
area (craton) lying to the east of the great Cordilleran 
geosyncline of western Utah and of Nevada and 
California. Many of the formations thicken in the 
western part of the plateau into or toward this geo
syncline. Although locally thickened masses of strata 
were deposited in deep basins, no persistent geo
synclines existed on the plateau. 

The Colorado Plateau is generally an arid desert 
region characterized by sparse vegetation and few 
perennial streams. Some of the higher country, such 
as the Uncompahgre Plateau and the laccolithic 
mountains, however, is thickly vegetated and main
tains large stands of. pine trees. A few perennial 
streams, such as the Colorado and Green Rivers, are 
exceptions to the general desert character of the 
region. 

In the desert region of the plateau, rocks are 
ideally exposed for the study of stratigraphy. 

PREVIOUS WORK AND HISTORY OF 
NOMENCLATURE 

Geologic work on the Colorado Plateau began in 
1853 and continued at an expanding rate. The earliest 



PREVIOUS WORK AND HISTORY OF NOMENCLATURE 5 

TABLE 1.- Index to location of cont1·ol points shown on plate 1 and referred to in text, and source of data for each 
[Locality No.: A. Arizona; C, Colorado; N, Nevada; NM, New Mexico; U, Utah. Locality: where locality number represents a drill hole, owner and 

numc of <h·ill hole arc given. Location in county, reference meridian or base line: GSRM, Gila and Salt River Meridian; MDM, Mount Diablo 
Meridian; NUL, Navajo Base Line; NMPM, New Mexico Principal Meridian; SLM, Salt Lake Meridian; UM, Uintah Meridian; UPM, Ute Prin
ciple Meridian: Gth PM, 6th Principal Meridian. Source of data: Strut. section, stratigraphic section, this report; Sed. facies, sedimentary facies study, 
this report; AEC, Atomic Energy Commission; Am Strat log, American Stratigraphic Co. drill-hole log; •, unpub. data] 

I~ocnlity 
No. 

A-2 
A-a 

A-4 
A-Ga 
A-Gb 
A-7 
A-8a,b 
A-!Jb,c,d 
A-10 
A-12 

A-13 
A-14 
A-16 
A-16 
A-17 

A-20 
A-22 
A-24 
A-26 
A-26 
A-29 

A-31 

A-32 

A-33 

A-34 

A-36 
A-36 

A-38 

A-39 
A-41 
A-68 

A-61 

A-66 

A-9:! 
A-97 

A-100 
A-102 
A-103 
A-106 

A-lOG 
A-107 
A-109 

A-110 
A-111 
A-112 

A-113 

A-118 

A-119 
A-120 
A-121 
A-141 

C-1 
C-2 
C-3 
C-4 
C-5 
C-fl 
C-7 
C-8 
C-9 
C-10 
C-11 
C-13 
C-14a.b 

C-15 
C-16 
C-17 

Locality County 

Arizona 

Location in county Source 
of data 

Black Mountain Wash .................. Apache ........................... l09°40' W., 36.20' N., to 109• 41' W., 36°21'30" N .............. Strut. section. 
Chee Dodge ...................................... Apache and San 109°02'40" W., 36°08'45" N.; 109°03'35" to Do. 

Juan (N.Mex.). 109°03'05" W., 36°05'25" to 36°05'45" N.; 
109°01'20" W., 36°04'50" N. 

Horse Mesa Creek .......................... Apache ........................... .l09°04'50" to 109°05'20" W., 36°41'55" to 36.43'00" N...... Do. 
Lukachukai Trading Post .................. do ............................... l09° 16' W., 36°29' N ...................................................................... Scd. facies. 
Lukachukai Trading Post .................... do ............................... l09°11'01" W., 36.26'06" N ........................................................ Strat. section. 
Lupton .................................................... do ............................... lo9•oa'l5" W., 35°18'20" N.......................................................... Do. 
Nazlini Tt·ading Post .......................... do ............................... l09°25'10" to 109°31'40" W., 35°52'50" to 35°49'36" N...... Do. 
St. Jolms ................................................ do ............................... l09°19'30" to 109°11' W., 34°25'25" to 34°46' N.................. Do. 
Black Point ...................................... Coconino ........................ .lll ou• to 111 °22' W., 35°38' to 35°44' N.............................. Do. 
Sunset Mountain .................................. do ............................... Secs. 13 and 14, T. 17 N., R. 13 E., GSRM; Stewart and others (1972). 

sec. 19, T. 17 N., R. 14 E. 
Owl Rock .......................................... Navajo ............................ l10° 15'30" to 110° 16'00" W., 36 o 50'00" to 36° 51'20" N ...... Strat. section. 
Round Rock ...................................... Apache ........................... .1o9•21' W., 36°33' N ...................................................................... Sed. facies. 

g~~c~.:~~~~ .. :::::::::::::::::::::::::::::::::::::: ~~~if~:~:~:·:·:·:·:·:·:·:::::·:·::·:·:·::::·:·:·:·:~ l l: i~::~ ·· t!6~ol2;: ~~::::w~::;i~~~;::i~::i~;~~~:~:~:;,::~::~:::::::::: ::~.~~~i::~art. 
111 °15' W., 35°50' N. 

~~~~~ t~~~; ::::::::::::::::::::::::::::::::::::::::::::J~:::::::::::::::::::::::::::::::~ ~ ~: ~g: 4f.. · · ~~. 
0 

:~: 2~,-··~c::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: g~: 
The Gap .................................................. do ............................... 111°28'30" W., 36°17'50" N .......................................................... *J. H. Stewart. 
Joseph City ...................................... Navajo ............................ Approx. 110°18' W .. 35°08' N .................................................... Sed. facies. 
Piutc Canyon ........................................ do ............................... 110°39'30" W., 36°52' N................................................................ Do. 
Chinle Water well .......................... Apachc ........................... 109°42'30" W., 36°2'45" N ............................................................ •C. A. Repenning and P. R. 

Stevens. 
Cov<) .......................................................... do ............................... l09°15' W., 36°34'20" N ................................................................ •M. E. Cooley and P.R. 

Stevens. 
Dinnehotso .............................................. do ............................... 109°49' W., 36°55' N ...................................................................... •c. A. Repenning and J. H. 

Irwin: 
F01·t Defiance ........................................ do ............................... Sec. 7, T. 1 N., R. 6 W., NBL .................................................... •M. E. Cooley and J. R. 

Howard. 
Hunters Point ........................................ do ............................... 109°8'25" W., 35°30' N .................................................................. •J. P. Akers and P.R. 

Stevens. 
Klagetoh .................................................. do ............................... 109°29' W., 35°28'40" N ................................................................ •J. P. Akers. 
Little Round Rock ................................ do ............................... 109°32' W., 36°32' N ...................................................................... Harshbarger and others 

. (1957,p.59-60). 
North Lupton ........................................ do ............................... 109°08' W., 35°24'30" N ................................................................ •J. P. Akers and P. R. 

Stevens. 
Oak Springs .......................................... do ............................... 109°10'30" W., 35°27' N ................................................................ •J. P. Akers. 
Hound Rock ............................................ do ............................... 109°26' W., 36"34' N ...................................................................... *C. A. Repenning. 
Castle Butte water well ................ Navajo ............................ l10°23' W., 35°10'40" N ................................................................ •P. R. Stevens and C. A. 

Repenning. 
lndinn Wells .......................................... do ............................... \10°03'20" W .. 35°25' N ................................................................ *C. A. Repenning and J. H. 

Irwin. · 
Scbn Delkai School water well .......... do ............................... l10°27'30" W., 35°27'30" N .......................................................... •c. A. Repenning and P. R. 

Stevens. 
Coyote SJHings ................................ Coconino ........................ Sec. 13, T. 41 N., R. 3 E .. GSRM .............................................. Wells (1960, p, 148-149). 
E1 Pnso National Gas. Apache ........................... 109°42'40" W., 35°33'30" N .......................................................... •J. W. Harshbarger. 

Navajo water well 1. 
Not·thwest of Concho .......................... do ............................... Approx. sec. 30, T. 15 N., R. 25 E., GSRM ............................ Cooley (1957, p. 273-283). 
EnHt of Snowflake .......................... Nuvajo ............................ Southeastern part of T. 12 N., R. 23 E., GSRM .................... Cooley (1957, p. 208-211). 
North of Concho ............................ Apache ............................ Approx. see. 7, T. 13 N., R. 26 E., GSRM .............................. Cooley (1957, p. 143-152). 
General Petroleum, Navajo ............................ Sec. 6, T. 19 N., R. 23 E., GSRM .............................................. •Am Strat log 96. 

Crenger-State 14-6. 
T. W. George, Word 1 .................. Mohuve ........................... Sec. 12, T. 40 N., R. 6 W., GSRM .............................................. *Am Strut log D-960. 
Humble Oil, Navajo Tribal 1 ...... Apache ........................... Sec. 4. T. 41 N., R. 28 E., GSRM .............................................. *Am Strat log 762. 
Sinclnit· Oil and Gas and Coconino ......................... l10°50'30" W., 36°34'45" N .......................................................... •Am Strut Jog 489 and J. W. 

Phillips Petroleum, Navajo 1. Harshbarger. 
Cove .................................................... Apache ........................... 109°15' W., 36°34'20" N ................................................................ Sed. facies. 
Nnvajo Canyon ................................ Coconino ........................ .l10°46'30" W .. 36°46' N ................................................................ •R. F. Wilson. 
Amerada and Stanolind, Apache ........................... \09°51' W., 36°7'30" N .................................................................. •Am Strat log 299. 

Navajo Dlaek Mountain 1. 
El Paso Natural Gas and ...... do ............................... Sec. 19, T. 41 N., R. 31 E., GSRM .................. c ......................... *Am Strnt log 841. 

others. Bita Peak. 
Northenst of Klagetoh ........................ do ............................... 109°27' W., 35°36'30" N ................................................................ •Harshbarger and others 

(1961). 

~li~U~E,t;; ~~:~~ :: iLlgi:lnr: ~:: ::·:·:1:~y:· i' : : : g~: 
................................ Coconino ........................ Scc. 32, T. 40 N., R. 7 E., GSRM ................................................ •D. A. Phoenix and D. W. 

Peterson. 

Colorado 

(1972). 
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TABLE 1.- Index to location of control points shown on plate 1 and referred to in text, and source of data joT each.-Continued 

Locality 
No. 

C-18 
C-19 
C-20 
C-21 
C-22 

C-23 
C-24 
C-25 
C-26 

C-27 
C-29 

C-30 
C-33 
C-34 
C-35 
C-38 

C-39 
C-40 
C-41 

C-42 
C-43 
C-44 
C-45 

C-46 
C-47 
C-48 
C-49 
C-50 
C-51 
C-53 
C-54 
C-55 
C-56 
C-58 
C-59 
C-60 

C-61 
C-62 

C-63 
C-64 
C-65 
C-66 
C-67 
C-68 
C-69 
C-70 

C-71 
C-73 
C-74 

C-75 

C-76 
C-77 

C-78 
C-88 
C-91 

C-92 

C-93 

C-94 

C-95 

C-96 
C-97 
C-98 

C-99 

C-100 

C-101 

C-102 

C-103 

C-104 

C-105 
C-107 
C-108 
C-110 

Locality County Location in county 

Colorado- Continued 

Meeker (Oak Ridge) .................... Rio Blanco ..................... Secs. 14, 23, T. 1 S., R. 93 W., 6th PM.................................... Do. 
Sawpit ................................................ San Miguel.. .................. Sec. 7, T. 43 N., R. 10 W., NMPM............................................ Do. 
Unaweep Canyon ............................ Mesa ................................ Sec. 15, T. 14 S., R. 100 W., 6th PM ........................................ Sed. facies. 
Dolores Canyon .............................. San Miguel... ................. Sec. 11, T. 42 N., R. 18 W., NMPM.......................................... Do. 

Source 
of data 

Cow Creek ........................................ Ouray .............................. Secs. 27, 28, 34, T. 45 N., R. 7 W.; sec. 3, Cross and others ( 1907, p. 5). 
T. 44 N., R. 7 W., NMPM. 

~~:t~~n ·-P~i-~t:-·::::::::::::::::::::::::::::::::::8·~:~~-~-n::::::::::::::::::::::: ~~+: ~~;~~:; ~ :: ;~: ~V~: .. ~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: g~~:: :~~ ~~r:s< Nioor> · 
Phillips Petroleum, Crowley l.. .... Archuleta ....................... Sec. 12, T. 32 N., R. 1 E., NMPM .............................................. Wood and others (1948). 
Wirt-Franklin and others, ...... do ............................... Sec. 28, T. 35 N., R. 2 W., NMPM............................................ Do. 

Sullenberger 1. 
Piedra River .......................................... do ............................... Sec. 18, T. 35 N., R. 4 W., NMPM ............................................ Read and others (1949). 
Junction Creek ·············-················-La Plata ......................... 107°56'20" W., 37.22'30" N .......................................................... Eckel and others (1949 p. 24-

25). 
Bull Hill ............................................ Mcsa ................................ Sec. 16, T. 51 N., R. 18 W., NMPM .......................................... Catcr ( 1955a). 
Ute Creek ................................................ do ............................... Sec. 36 T. 15 S., R. 103 W., 6th PM .......................................... Cater ( 1955b). 
Indian Creek .......................................... do ............................... Sec. 5, T. 50 N., R. 17 W., NMPM............................................ Do. 
Dark Canyon ........................................ do ............................... Secs. 28, 33, T. 50 N., R. 17 W., NMPM .................................. Cater ( 1955c). 
Traver Creek .................................. Montrose ........................ Sec. 27, T. 49 N., R. 12 W., NMPM .......................................... *C. N. Holmes and T. E. 

Mullens. 
Continental Oil, Nucla unit L. .......... do ............................... Sec. 18, T. 47 N., R. 14 W., NMPM .......................................... *Am Strat log 312. 
Pure Oil Co., Horsefly unit L. .......... do ............................... Sec. 14, T. 46 N., R. 13 W., NMPM .......................................... *Am Strat log 291. 
Kerr-McGee and Phillips, Garfield ........................... Sec. 8, T. 8 S., R. 102 W., 6th PM ............................................ *Am Strat log 74. 

unit 1. 
Amerada Petroleum, unit L ........ Mesa ................................ Sec. 14, T. 9 S., R. 101 W., 6th PM .......................................... *Am Strat log 204. 
Prestige-Ailison Long l.. ............. .San MigueL. ................. Sec. 9, T. 42 N., R. 19 W., NMPM ............................................ *Am Strat log 463. 
Gulf Oil Corp., Fulks !.. ................ Montezuma .................... Sec. 27, T. 37 N., R. 17 W., NMPM .......................................... • Am Strat log 697. 
Western Natural, Byrd-Frost, ...... do ............................... Sec. 3, T. 38 N., R. 19 W., NMPM ............................................ *Am Strat log 81. 

and English, A. Driscoll 1. 
Antelope Creek ................................ Eagle ............................... Sec. 33, T. 1 S., R. 84 W., 6th PM ............................................ Sheridan (1950). 
Bond ........................................................ do ............................... Sec. 17, T. 2 S., R. 83 W., 6th PM............................................ Do. 
Eiby Creek ............................................ do ............................... Sec. 7, T. 4 S., R. 84 W., 6th PM.............................................. Do. 
Garden Creek ........................................ do ............................... Sec. 5, T. 2 S., R. 82 W., 6th PM.............................................. Do. 
King Mountain ................................ Routt ............................... Sec. 2, T. 1 S., R. 85 W., 6th PM.............................................. Do. 
Posey Creek ...................................... Eagle ............................... Sec. 15, T. 3 S., R. 85 W., 6th PM............................................ Do. 
Red Canyon ............................................ do ............................... Sec. 9, T. 2 S., R. 84 W., 6th PM.............................................. Do. 
State Bridge .......................................... do ............................... Sec. 23, T. 2 S., R. 83 W., 6th PM............................................ Do. 
Sylvan ...................................................... do ............................... Sec. 22, T. 2 S., R. 85 W., 6th PM............................................ Do. 
Wilmor .................................................... do ............................... Sec. 26, T. 4 S., R. 83 W., 6th PM............................................ Do. 
Kent ........................................................ do ............................... Sec. 18, T. 4 S., R. 83 W., 6th PM............................................ Do. 
Escalante Forks .............................. Delta ............................... Sees. 9, 10, T. 51 N., R. 13 W., NMPM .................................... *C. N. Holmes. 
Dunton .............................................. Dolores ..................... _ ....... Sec. 32, T. 41 N., R. 11 W., NMPM .......................................... *A. L. Bush, C. S. Bromfield, 

. and W. F. Weeks. 
Basalt ................................................ Eagle ............................... Secs. 4, 5, T. 8 S., R. 86 W., 6th PM ........................................ *F. G. Poole. 
Ladder Canyon ................................ Mesa ................................ Sees. 19, 31, T. 12 S., R: 100 W., 6th PM ................................ *C. N. Holmes and L. C. 

Craig. 
North Fork Escalante ........................ do ............................... Sec. 34, T. 51 N., R. 14 W., NMPM .......................................... *C. N. Holmes. 
North Sinbad Valley .......................... do ............................... Sees. 30, 31, T. 50 N., R. 19 W., NMPM ......................... : ........ *L. C. Craig. 

~=~:u~~n;e~e~-~---::::::::::::::::::::::::::::::::J~::::::::::::::::::::::::::::::: ~~~:: ~:, 2~oT. Ti4 5 ~-~ R. ~ol8w '::. 6~~~~:::::::::::::::::::::::::::::::::: •c. N n~oimes. 
Red Canyon ...................................... Montrose ........................ Sec. 33, T. 47 N., R. 12 W., NMPM.......................................... Do. 
Dry Creek Anticline ............................ do ............................... Sec. 4, T. 45 N., R. 16 W., NMPM ............................................ *L. C. Craig and L. R. Stieff. 
San Miguel ...................................... San Miguel... ................. Sec. 29, T. 44 N., R. 11 W., NMPM .......................................... *C. N. Holmes. 
Red Canyon of Black Canyon ...... Montrose ........................ Sec. 19, T. 51 N., R. 8 W., NMPM ............................................ *C. N. Holmes and T. E. 

Mullens. 
Sapinero ............................................ Gunnison ........................ Sec. 23, T. 49 N., R. 4 W., NMPM ............................................ *C. N. Holmes. 
Potato Bill Creek ............................ Pitkin .............................. Sec. 34, T. 8 S., R. 88 W., 6th PM ............................................ Poole (1954). 
North Thompson Creek ...................... do ............................... Sec. 31, T. 8 S., R. 88 W., 6th PM; Do. 

sec. 36, T. 8 S., R. 89 W. 
Almont .............................................. Gunnison ........................ Sec. 28, T. 51 N., R. 1 E., NMPM ............................................ *L. C. Craig; Langenheim 

(1957). 
North Rico ...................................... Dolores ............................ Sec. 11, T. 40 N., R. 11 W., NMPM .......................................... *A. L. Bush and W. F. Weeks. 
Specie Creek .................................... San Miguel... ................. Sec. 30( ?), T. 44 N., R. 11 W., NMPM .................................. *A. L. Bush, W. F. Weeks, 

and C. S. Bromfield. 
West Sopris Creek ........................ Pitkin .............................. Sec. 15, T. 8 S., R. 87 W., 6th PM ............................................ *F. G. Poole. 
Reynolds Mining Co., Egnar L .. San Miguel... ................. Sec. 14, T. 43 N., R. 19 W., NMPM .......................................... *Am Strat log 776. 
Continental Oil Co., Dolores ............................ Sec. 26, T. 40·N., R. 16 W., NMPM .......................................... *Am Strat log 765. 

Lone Dome 1. 
Reynolds Mining Co., Montezuma .................... Sec. 18, T. 36 N., R. 14 W., NMPM .......................................... *Am Strat log 837. 

Point Lookout 1. 
Stanolind Oil and Gas, La Plata ......................... Sec. 17, T. 33 N., R. 7 W., NMPM ............................................ *Am Strat log 848. 

Ute Indian B 6. 
Continental Oil Co., Montezuma .................... Sec. 15, T. 33 N., R. 20 W., NMPM .......................................... *Am Strat log 882. 

Government 3. 
Continental Oil Co., ...... do ............................... Sec. 18, T. 32 N., R. 18 W., NMPM .......................................... *Am Strat log 854. 

Government 2 Ute Mountain. 
R. E. Weir, Fee L .......................... Montrose ........................ Sec. 27, T. 50 N., R. 10 W., NMPM .......................................... *Am Strat log 18. 
California Co., Divide Creek !.. .. Mesa ................................ Sec. 36, T. 8 S., R. 91 W., 6th PM ............................................ *F. G. Poole. 
Superior Oil Co., Rio Blanco ..................... Sec. 5, T. 3 S., R. 101 W., 6th PM ............................................ *Am Strat log 588. 

Douglas Creek unit 1. 
H. E. R. Drilling Co., Montezuma .................... Sec. 34, T. 39 N., R. 18 W., NMPM .......................................... *Am Strat log 151. 

Lane-Coffee 1-A. 
Penrose and Tatum San Miguel... ................. Sec. 13, T. 45 N., R. 12 W., NMPM .......................................... *Am Strat log 495. 

Marie Scott 1. 
Forest Oil Corp., Garfield ........................... Sec. 2, T. 7 S., R. 104 W., 6th PM ............................................ * Am Strat log 571. 

Government 1. 
G1·ecnbriar, Federal ...... do ............................... Sec. 24, T. 5 S., R. 102 W., 6th PM .......................................... *Am Strat log 396. 

Government 1. 
Sunerinr Oil Co., Fee 1 Rio Blanco ..................... Sec. 12. T. 4 S., R. 102 W., 6th PM .......................................... *Am Strat log 772. 

South Douglas Creek. 
Phillips Petroleum, ...... do ............................... Sec. 18, T. 1 S., R. 101 W., 6th PM .......................................... * Am Strat log 800. 

Douglas 1-B. 
California Co., Raven 2-A .................. do ............................... Sec. 31, T. 2 N., R. 102 W., 6th PM .......................................... *Am Strat log 647. 
British American, Lazy U L ...... Grand .............................. Sec. 3, T. 2 N., R. 77 W., 6th PM .............................................. *Am Strat log 676. 
Continental Oil Co., Lewin L ...... Moffat ............................. Sec. 17, T. 3 N., R. 91 W., 6th PM ............................................ *Am Strat log 329. 
Union Oil Co., Crawford L .......... Routt ............................... Sec. 32, T. 4 N., R. 89 W., 6th PM ............................................ *Chemical Laboratories file 

47. 
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TABLE 1.- Index to location of cont'tol points shown on plate 1 and ?'cfe?Ted to in text, and source of data for each-Continued 

Locality 
No. 

C-111 

C-112 
C-114 
C-118 

C-119 
C-120 
C-123 

C-124 
C-125 
C-126 
C-127 
C-128 

C-129 
C-130 

C-131 
C-137 
C-140 

C-148 

C-1<19 

C-153 

C-154 
C-155 
C-156 

C-157 
C-158 

C-159 
C-HiO 

Locality County 

Colorado- Continued 

Location in county Source 
of data 

Stanolind Oil and Gas, Moffat ............................. Sec. 22, T. 4 N., R. 92 W., 6th PM ............................................ *Am Strat log 211. 
Madison unit 1. 

'l'om Palmer, Government l.. .............. do ............................... Sec. 34, T. 4 N., R. 99 W., 6th PM .......................................... *Am Strat log 580. 
Carter Oil, Gossard 1 .......................... do ............................... Sec. 29, T. 5 N., R. 93 W., 6th PM ............................................ •Am Strat log 590. 
Geneml Petroleum Corp., Garfield ........................... Sec. 15, T. 6 S., R. 103 W., 6th PM .......................................... *Am Strat log 566. 

Schulte 1. 
Shell Oil Co., State 4343 No. l.. .. Pm·k ................................ Sec. 36, T. 11 S., R. 75 W., 6th PM .......................................... *Am Strat log 873. 
McDunnald Oil Co., State l.. .............. do ............................... Sec. 20, T. 12 S., R. 74 W., 6th PM .......................................... *Am Strat log 194. 
I~ll< Creek .......................................... Garfield ........................... Sec. 15, T. 5 S., R. 91 W., 6th PM ............................................ •c. N. Holmes and T. E. 

MullPns. 
0. D. Robinson, H. Kagie l.. ........ Routt ............................... Sec. 29, T. 4 N., R. 87 W., 6th PM .................. : ....................... *Am Strat log 587. 
Delhi Oil Co., Barker 2 ............. : .... La Plata ......................... Sec. 3, T. 32 N., R. 14 W., NMPM ............................................ •Am Strat log 59. 
Skelly Oil Co., Lloyd Benton !.. ........ do ............................... Sec. 15, T. 33 N., R. 13 W., NMPM .......................................... *Am Strat log 398. 
Tidewatet· Assoc., Ute 1 .............. Montezuma .................... Sec. 8, T. 33 N., R. 14 W., NMPM ............................................ *Am Strat log 403. 
Greut Westem Drilling Co.. , La Plata ......................... Sec. 3, T. 34 N., R. 11 W., NMPM ............................................ •Am Strat log 559. 

Fort Lewis School Land 1. 
Hathuway, Barr 1 ................................ do ............................... Sec. 14, T. 33 N., R. 12 W., NMPM .......................................... •Am Strat log D-926. 
Tt•iano Ct·eek .................................. Gunnison ........................ Sec. 18, T. 49 N., R. 5 E., NMPM ............................................ Dings and Robinson (1957, 

pl. 1). 

ff.~)t;s~Pc~~~k ~~-~-~-~ ... ::::::::::::::::::::::::·E·~·:)~::::::::::::::::::::::::::::J~~: ~6. TT.
4i ~:· :.· 8~ ~· .• ~~P:l\1:::::::::::::::::::::::::::::::::::::::::::: Hube~0·< 1954 >. 

Put·shall .................................................. do ............................... Sec. 15, T. 1 N., R. 79 W., 6th PM .......................................... Rocky Mtn. Assoc. Geologists, 
9th Field Conf., 1957, Geo
logic map of North and 
Middle Park basins. 

Tow Creek, Texas Co., Routt.. ............................. Sec. 7, T. 6 N., R. 86 W., 6th PM ............................................ Intermountain Assoc. Petro-
Colvert 1. !cum Geologists ( 1955, pl. 

8). 
Dillon .................................................. Summit ........................... Sec. 17, T. 5 S., R. 77 W., 6th PM ............................................ Lovering and Goddard (1950, 

pl. 2). 
Hartsel .................................................... do ............................... Sec. 4, T. 12 S., R. 75 W., 6th PM ............................................ Stark and others (1949, 

pl. 1). 
Chase Gulch .......................................... do ............................... Sec. 31, T. 11 S., R. 74 W., 6th PM.......................................... Do. 
Vale of Tears .................................. Moffat ............................. Sec. 21, T. 6 N., R. 99 W., 6th PM .......................................... *F. G. Poole. 
Red and White Mountain ............ Eagle ............................... Approx. sec. 19, T. 4 S., R. 81 W., 6th PM; · Do. 

and (or) approx. sec. 13, T. 4 S., R. 82 W., 6th PM. 
Snai<c H.iver .................................... Summit ........................... NE% sec. 20, T. 5 S., R. 77 W., 6th PM................................ Do. 
Boreas Puss ...................................... Along Summit-Park SEY.L sec. 27 (unsurveyed), T. 7 S., R. 77 W., 6th PM...... Do. 

line. 
Red Hill ............................................ Park ................................ Sec .. 23 or 24 (unsurveyed), T. 9 S., R. 77 W., 6th PM...... Do. 
Hawk Creek .................................... Pitkin .............................. Sec. 28, T. 10 S .. R. 88 W., 6th PM.......................................... Do. 

Nevada 

N-1 Horse Spring Valley .................... Clurk ............................... Sec. 12, T. 18 S., R. 70 E., MDM .............................................. Strat. section. 
N-2 Spl'ing Mountains ................................ do ............................... Secs. 27, 28, T. 21 S., R. 58 E., MDM...................................... Do. 
N-3 Vall~y of Fire ...................................... do ............................... Sec. 26, T. 17 S., R. 67 E., MDM.............................................. Do. 

NM-1a,b 

NM-2 
NM-3a,b 

NM-4 
NM-5a,b 
NM-6 
NM-7 
NM-8 
NM-9 
NM-11 
NM-12 
NM-13 
NM-14 
NM-15 
NM-16 
NM-17 
NM-18 
NM-19 
NM-20 
NM-21 
NM-22 
NM-23 

NM-24 

NM-27 
NM-32 

NM-a3 

NM-34 

NM-a5 
NM-36 

NM-37 

NM-38 

NM-39 

NM-40 

New Mexico 

Chuvez-Prewitt ................................ McKinley ........................ Sec. 36, T. 13 N., R. 12 W., NMPM; Strut. section. 
sec. 19, T. 14 N., R. 12 W. 

Fort Defiance ........................................ do ............................... 109°01'50" W., 35°49'25" N .......................................................... Strat. section and sed. facies. 
Fort Wingate ........................................ do ............................... 108°33'35" to 108°34'15" W., 35°27'40" to 35°28'55" N.; Strut. section. 

108°35'50" to 108°36'40" W., 35°28'05" N.; 
108°36'50" to 108°37'30" W., 35°28'50" N. 

'l'oclilto Park .......................................... do ............................... l08°58'05" W., 35°57'30" N ........................................................ Strat. section and sed. facies. 
Zuni .......................................................... do ............................... Secs. 26, 36, T. 10 N., R. 19 W., NMPM .................................. Strat. section. 
Abiquiu .............................................. Rio Arribn .................. : .. sec. 10 (unsurveyed), T. 23 N., R. 5 E., NMPM.................. Do. 
Coyote ...................................................... clo ............................... Sec. 21, T. 23 N., R. 3 E., NMPM............................................ Do. 
Gallina .................................................... do ............................... Sec. 3. T. 23 N., R. 1 E., NMPM.............................................. Do. 
Gho~:~t Ranch .......................................... clo ............................... Secs. 2, 11, T. 24 N., R. 4 E., NMPM...................................... Do. 
Toadlena ............................................ San Juan ....................... 108°56' W., 36°17' N...................................................................... Do. 
Arroyo de los Pinos ...................... Sandoval... ...................... Secs. 13, 14, T. 19 N., R. 1 W., NMPM.................................... Do. 
San Ysidro .............................................. do ............................... Sec. 36, T. 16 N., R. 1 E., NMPM.............................................. Do. 
Senot·ito Canyon .................................. do ............................... Sec. 1, T. 20 N., R. 1 W., NMPM.............................................. Do. 
White Mesa ............................................ do ............................... Sec. 16, T. 15 N., R. 1 E., NMPM............................................ Do. 
Riley .................................................. Socorro ........................... Sec. 24, T. 2 N., R. 4 W., NMPM .............................................. Stewart and others (1972). 
Sevilleta Grant ...................................... do ............................... Sec. 10 (unsurveyed), T. 1 S., R. 2 E., NMPM.................... Do. 
Bluewater Creek ............................ Valencia ......................... Sec. 36, T. 6 N., R. 7 W., NMPM .............................................. Strnt. section. 
Correo ...................................................... do ...... : ........................ Sec. 20, T. 9 N., R. 3 W., NMPM.............................................. Do. 
Mesa Gallina .......................................... do ............................... Sec. 10, T. 5 N., R. 4 W., NMPM .............................................. Stewart and others (1972). 
Petoch Butte .......................................... do ............................... Sec. 32, T. 8 N., R. 6 W., NMPM .............................................. Strat. section. 
Rio Canones .................................... Rio Arriba ..................... 106°31' ( ?) W., 36°49' ( ?) N ........................................................ Dane (1948). 
Richmond Oil Co., Tierra ...... do ............................... Sec. 30 (unsurveyed), T. 30 N., R. 2 E., NMPM.................. Do·. 

Amarilla Grant. 
Willow Creek Oil Syndicate 

and E. T. Williams, Tierra 
Amarilla Grant. 

...... do ............................... Sec. 22 (unsurveyed), T. 30 N., R. 2 E., NMPM ................ .. Do. 

Chavez Creek ........................................ do ............................... 106°28' W., 36°46' N ...................................................................... Muehlberger (1957). 
Cheechilgeetho Day School McKinley ........................ Approx. sec. 20, T. 12 N., R. 18 W., NMPM .......................... •J. W. Harshbarger. 

water well. 
Iyanbito Day School water well .......... do ............................... Approx. 108°29' W., 35°31' N .................................................... •C. A. Repenning and P. R. 

Stevens. 
Thoreau School water well.. ................ do ............................... Approx. 108°12' W., 35°24' N .................................................... •J. T. Callahan, :f. W. Harsh-

barger, C. A. Repenning, 
and P. R. Stevens. 

~~h~b~:~e~i's"sl~n1 ,~-~t~; .. ~~ii:::::::::::J~:::::::::::::::::::::::::::::::~~~~~~: ~ocso~~· ~-~03~·s1';t·J.~ .. ~.': ... ~~-~~:::::::::::::::::::::::::::r ~.' g!i1~h:~ and P.R. 

Superior Oil Co., San Mateo 
Government 1-14. 

Great Western Drilling Co., 
Hospah-Sante Fe. 

Reynolds Mining Co., 
Torreon 1. 

Continental Oil Co., 
Beclnbito 1. 

Stevens. 
...... do ............................... Sec. 14, T. 14 N., R. 8 W., NMPM .......................................... •Am Strnt log 617. 

...... do ............................... Sec. 1, T. 17 N., R. 9 W., NMPM .............................................. •Am Strat log 753. 

Sandovai... ...................... Sec. 22, T. 18 N., R. 4 W., NMPM ............................................ •Am Strat log 797. 

San Juan ....................... Sec. 13, T. 30 N., R. 21 W., NMPM .......................................... Strobell (1956). 
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TABLE 1.- Index to location of control points shown on plate 1 a·nd refeJTed to in text, and sou·rce of data for each- Continued 

Locality 
No. 

NM-41 

NM-42 

NM-43 

NM-44 
NM-45 
NM-46 
NM-47 
NM-49 
NM-50 
NM-53 

NM-54 

NM-55 
NM-56 

NM-57 

NM-58 

NM-59 
NM-60 
NM-61 

NM-66 
NM-67 

U-1 
U-3 
U-4 
U-5 
U-6 
U-7 
U-8 
U-9 
U-10 
U-11 
U-12 

U-13 
U-14 
U-15 
U-16 
U-17 
U-18 
U-19 
U-20 
U-21 
U-22 
U-2.3 

U-24 
U-25 
U-26 
U-27 
U-28 
U-29 
U-30 
U-31 
U-32 
U-33 
U-34 
U-35 
U-36 
U-37a,b 
U-39 
U-40 
U-41 
U-43 
U-44 
U-45 
U-46 

~ U-48 
P' U-69 

U-71 

U-76 
U-89 
U-107 

U-109 

U-120 
U-121 
U-122 
U-123 
U-124 
U-127 
U-128 
U-129 
U-130 

Locality 

Continental Oil Co., 
Rattlesnake 100. 

County Location in county 

New Mexico- Continued 

...... do ............................... Sec. 2, T. 29 N., R. 19 W., NMPM ............ _. .............................. . 

Gallina Canyon ................................ Rio Arriba ..................... Sec. 12, T. 25 N., R. 1 E., NMPM; 
sec. 8, T. 25 N., R. 2 E. 

Do. 

Source 
of data 

Lookingbill (1953). 

Chcechilgeetho ................................ McKinley ........................ Scc. 31, T. 12 N., R. 19 W., NMPM .......................................... •R. L. Jackson and S. R. 
Johnson. 

Fort Wingate ........................................ do ............................... Sec. 13, T. 15 N., R. 7 W., NMPM ............................................ Sed. facies. 
Gulf Oil Co., Navajo Federal l.. .. San Juan ....................... Sec. 28, T. 25 N., R. 16 W., NMPM .......................................... •Am Strat log 707. 
Stanolind, Hogback U S G 13 ............ do ............................... Sec. 19, T. 29 N., R. 16 W., NMPM .......................................... *Am Strat log 448. 
Phillips Petroleum, Navajo l.. .......... do ............................... Sec. 5, T. 30 N., R. 17 W., NMPM .............................. : ............. •Am Strat log 471. 
Senorito Canyon .............................. Sandoval... ...................... Sec. 6, T. 20 N., R. 1 W., NMPM .............................................. Wood and Northrop (1946). 
Blue Bird Mesa ...................................... do ............................... Secs. 2, 3, T. 20 N., R. 1 E., NMPM........................................ Do. 
Magnolia Petroleum, Rio Arriba ..................... Sec. 18, T. 23 N., R. 2 W., NMPM ............................................ •Am Strat log 761. 

Jicarilla A 1. 
Pan American Petroleum Co., 

0. J. Hoover A 1. 
San Juan ........................ Sec. 23, T. 30 N., R. 16 W., NMPM ............ , ............................. *Am Strat log 893. 

Derby Drilling Co., Apache I.. .... Rio Arriba ..................... Sec. 33, T. 28 N., R. 1 E., NMPM ............................................ *Am Strat log 70. 
Southwest Exploration Co., ...... do ............................... Sec. 22, T. 28 N., R. 2 E., NMPM .............................................. •Am Strat log 48. 

Pennsylvania Bldg. Co. 1. 
El Paso Natural Gas, Elliott 

State 1. 
Magnolia Petroleum Co., 

Hutchinson-Federal 1. 

Sandovai... ...................... Sec. 36, T. 19 N., R. 2 W., NMPM .......................................... *Am Strat log 547. 

...... do ............................... Sec. 14, T. 19 N., R. 3 W., NMPM ............................................ •Am Strat log 551. 

Continental Oil Co., Unit I.. ........ Rio Arriba ..................... Scc. 6, T. 28 N .. R. 2 W., NMPM .............................................. *Am Strat log 441. 
Southern Union, Barker 17 .......... San Juan ....................... Sec. 27, T. 32 N., R. 14 W., NMPM .......................................... •Am Strat log 26. 
Pure Oil Co., Navajo Tribe McKinley ........................ Sec. 29, T. 19 N., R. 17 W., NMPM .......................................... •Am Strat log 609. 

tract 9 1. 
Humble Oil, Santa Fe Pacific l.. .. Sandovai... ...................... Sec. 20, T. 14 N., R. 1 W., NMPM ............................................ *Am Strat log 605. 
Humble Oil, 1 Navajo D .............. San Juan ....................... Sec. 30, T. 26 N., R. 19 W., NMPM .......................................... *Am Strat log D-900. 

Utah 

Lake Fork River ............................ Duchesne ........................ Sec. 34, T. 2 N., R. 5 W., UM .................................................... Strat. section. 
Buckhorn Wash .............................. Emery ............................. Secs. 3, 10 (unsurveyed), T. 20 S., R. 11 E., SLM.............. Do. 
Cane Wash .............................................. do ............................... Secs. 23, 24, T. 22 S., R. 10 E., SLM........................................ Do. 
Lucky Strike mine .............................. do ............................... l10°57'00" W., 38°44'55" N........................................................ Do. 
Muddy River .......................................... do ............................... 110°58'15" W., 38°34'25" N........................................................ Do. 
Straight Wash ...................................... do ............................... Sec. 29, T. 23 S., R. 13 E., SLM................................................ Do. 
Temple Mountain ................................ do ............................... 110°40'35" W., 38°41'20" N.......................................................... Do. 
Buckacre Point .............................. Garfield ........................... 110°24' W., 38°06' N...................................................................... Do. 
Horse Canyon ........................................ do ............................... 111 °14'10" W., 37°57'45" N.......................................................... Do. 
Muley Twist .......................................... do ............................... 111 °1'30" W., 37°49'11" N............................................................ Do. 
Oak Creek .............................................. do ............................... Sec. 30, T. 31 S., R. 7 E., SLM .................................................. •G. A. Williams and L. C. 

· Huff. 
Range Canyon ...................................... do ............................... 110°06'15" W., 38°07'35" N .......................................................... Strat. section. 
Silver Falls Creek ................................ do ............................... 111 °08'00" W., 37°43'20" N.......................................................... Do. 
South Block ............................................ do ............................... l10°16'25" W., 37°58'21" N.......................................................... Do. 
South Draw ............................................ do ............................... Sec. 7, T. 31 S., R. 7 E., SLM.................................................... Do. 
Swett Canyon ........................................ do ............................... Sec, 24, T. 34 S., R. 12 E., SLM ................................................ Stewart and others (1972). 
Richardson Amphitheater ............ Grand .............................. Sec. 25 (unsurveyed), T. 23 S., R. 23 E., SLM ...................... Strat. section. 
Spring Canyon ...................................... do ........... .-................... 109°59'45" W., 38°37'40" N.......................................................... Do. 

~~~~w~f::.y~na~y~~···::::::::::::::::::::::::::::::~~:::::::::::::::::::::::::::::J!~: ~~: :f: ~g ~:: :: ~~ ~:: ~t~L::::::::::::::::::::::::::::::::::::::::::~:?-· g~: 
Kanarraville .................................... Washington ................... Secs. 21, 22, T. 38 S., R. 12 W., SLM...................................... Do. 
Fossil Wood Wash ........................ Kane ................................ Secs. 34, 35, T. 42 S., R. 4 W., SLM; Do. 

. sec. 2, T. 43 S., R. 4 W. 
Paria ........................................................ do ............................... Sec. 14, T. 41 S., R. 2 W., SLM.................................................. Do. 

~~fJ;e~aJ!c·k-·M~~~··::::::::::::::::::::::::~.~-~~-~~-~-~·.·.·.·.·.~:::·:.·.·.·.·.·.:·.:·.·.·. ~:~: ~g ~ ~~~~~~:~:~ ~ ', ~: ;~ ~:: ~: ~~ ~:: ~t~L:::::::::::::::::: g~: 
Comb Wash ............................................ do ............................... 109°39' W., 37°19' N...................................................................... Do. 

~~~!o~~~~~---~~~~-~ .. ::::::::::::::::::::::::::::::::~~:::::::::::::::::::::::::::::::~:3~l:·4b~nw.~v:i';~~:o~; ~--~.".: .. ~." ... ~-~--~:~ .. ~-~-~:::::::::::::::::::::: g~: 
Jacobs Chair .......................................... do ............................... 110°12'00" W., 37°43'40" N.......................................................... Do. 
Johnson Creek ...................................... do ............................... Sec. 28 (unsurveyed), T. 34 S., R. 22 E., SLM.................... Do. 
Lockhart Canyon ................................ do ............................... Scc. 24, T. 28 S., R. 20 E., SLM................................................ Do. 
Milk Ranch Point ................................ do ............................... Sec. 35 (unsurveyed), T. 36 S., R. 20 E., SLM.................... Do. 

~~~~:8~i~~~t:~~:::~~~~::::::::::::::::::::·:::·Jr:·:·:-::·::·::·::·:·:::·:::::::·:::·::·::~~~:::~3~.-·~~~~~~~~::~::::~-~-~:::::::::::::::::::::::::::::::::::::::::::::::: g~: 
Rincon .................................................... do ............................... 110°47' to 110°46' W., 37°19'30" N.......................................... Do. 
Taylor Canyon ...................................... do ............................... l09°58'20" W., 38°28'55" N.......................................................... Do. 

~1~t;~;~~~':~·], \~ :::;ff~;.~n ~ ~~[~;~tfi.:.~~~J~:~~:~:L~M28 .:.j:':~:~~~~ i~: 
~o~~iia~~;~n~::::::::::::::::::::::::::::::::::::W:Y~~:_:_:_:_:_:_:_:::··.::·:·:::_:_:_:·::_:_:_::_:_:}r~:~

6

~:~·::
2

~~-~f:?i::g:··~r~:~::::::::::::::::::::::::::::::::::::::::::::::::::~:1:fa/Tit:: ~~: ~~·p~~7.6t~: 
62, 65). 

Elaterite Butte ...................................... do ............................... ll0°02'30" W., 38°13'00" N .......................................................... Baker (1946, p. 59, 62). 
Piute Mesa ...................................... San Juan ....................... NW part of T. 41 S., R. 12 E., SLM ........................................ Raker (1936, p. 45, 48). 
Muddy River .................................... Emery ............................. Sec. 34, T. 24 S., R. 8 E., SLM .................................................. Gilluly and Reeside (1928, p. 

84) and Gilluly (1929, p. 
88. 89, 92). 

Red Canyon ............................................ do ............................... Approx. sees. 32, 29, 20, T. 20 S., R. 12 E., SLM .................. Gilluly (1928, p. 86, 87, 89, 
92). 

Moab Valley .................................... Grand .............................. Sec. 8, T. 26 S., R. 22 E., SLM .................................................. Baker (1933, p. 40). 
........ do ........................................................ do ............................... Sec. 2 ( ?) , T. 26 S., R. 21 E., SLM............................................ Do. 
Cane Creek anticline .......................... do ............................... Sec. 32, T. 26 S., R. 21 E., SLM ................................................ Baker (1933, p. 35). 
Cane Creek ...................................... San Juan ....................... Sec. 6, T. 28 S., R. 22 E., SLM .................................................. Baker (1933, p. 40). 
Castle Creek .................................... Grand .............................. Sec. 12 ( ?) , T. 25 S., R. 22 E., SLM.......................................... Do. 
........ do ........................................................ do ............................... Sec. 5 ( ?) , T. 25 S., R. 23 E., SLM............................................ Do. 
Fischer Valley ........................................ do ............................... Sec. 13, T. 24 S., R. 24 E., SLM ................................................ Dane (1935, p. 49). 
Big Hole .................................................. do ............................... Sec. 8, T. 21 S., R. 25 E., SLM .................................................... Dane ( 1935, p. 61-62). 
Utah Southern State 1 ...................... do ............................... Sec. 26, T. 21 S., R. 23 E., SLM .................................................. Dane (1935, p. 51). 
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TABLE 1. -Index to location of cont·rol points shown on plate 1 and 1"efen·ed to in text, and source of data for each-Continued 

Loculity 
No. 

U-131 
U-132 
U-133 
U-142 
U-143 
U-148 
U-149 
U-162 
U-160 
U-167 

U-168 

U-170 

U-171 

U-172 

U-173 
U-174 
U-176 

U-176 

U-178 
U-180 

U-182 
U-183 

U-184 
U-186 
U-186 
U-187 
U-189 

U-190 

U-191 

U-192 
U-19ll 
U-194 
U-195 

U-196 

U-197 
U-198 

U-199 
U-200 
U-201 

U-202 

U-203 

U-204 
U-205 

U-209 

U-210 
U-220 
U-221 

U-222 

U-224 

U-225 

U-226 

U-227 

U-228 

U-229 
U-230 

U-231 

U-232 

U-233 
U-234 
U-236 

U-237 
U-245 

U-246 

Loculity County 

Utah- Continued 

Location in county Source 
of data 

Bcuvcr Creek .......................................... do ............................... Sec. 6 ( ? ) , T. 24 S., R. 26 E., SLM ............................................ Dane ( 1935, p. 49, 69-60). 
Richurdson .............................................. do ............................... Scc. 4( '/), T. 24 S., R. 23 E., SLM ............................................ Dane (1935, p. 44-45, 67). 

!~~~~;lr.~~~~~~~:::-::::::::;:.::·::::~:2~+~~:: -~ -~ :!f~:r~~1-ifili:~:~~~!!~~~~~::~::::::::::::::-:::~:: __ : ... ::::::::::;;~r~~\:rn:{;~~~~·- 73

, • 
Plcusunt Creek ................................ Wuyne ............................. Sec. 20, T. 30 S., R. 7 E., SLM .................................................. Hunt ( 1953, p. 48). 

~o,~rt~o'~·k·~··c~~·;,·~·~··::::::::::::::::::::::::u·i·~~~·h::::::::::::::::::::::::::J~~~: i~: r:: ~~· ?N ~8 R~··l RE.~ JM.~.~-~:::::::::::::::::::::::::::::::::::: ;~"o!:~~~~~· i~~eger ( 1946, 
p. 1287). 

Mnniln ................................................ Dagget ............................ Sec. 3, T. 2 N., R. 19 E., SLM; Thomas and Krueger (1946, 
· sec. 3, T. 2 N., R. 20 E. p. 1292). 

ldle Duy cluim ................................ San Juan ........................ Secs. 12, 13, T. 30 S., R. 24 E., SLM ........................................ *G. W. Weir and W. H. Star-
rett. 

Little Vullcy .......................................... do ............................... Secs. 21. 29, 31, T. 30 S., R. 25 E., SLM .................................. *G. W. Weir and W. H. Star-
rett. 

Grunit<.'-Uyun Creek ...................... Grand .............................. Sec. 4, T. 23 S., R. 25 E., SLM .................................................. •c. N. Holmes and T. E. 
Mullens. 

Clny Gulch ........................................ San Juan ....................... Secs. 7, 8, T. 40 S., R. 14 E., SLM ............................................ Mullens (1960, p. 318-320). 
Hutch Point .......................................... do ............................... Sec. 2, T. 28 S., R. 20 E., SLM .................................................. •w. J. Krummel. 
Lavender Canyon .................................. do ............................... Sec. 31, T. 31 S., R. 21 E., SLM ................................................ *E. N. Hinrichs and W. J. 

Phillips Petroleum, 
Wutson B 1. 

Krummel. 
Uintah ............................ Sec. 34, T. 9 S., R. 26 E., SLM .................................................. *Am Strat log 812. 

Byrd-Frost Inc., Randall l.. .......... San Juan ....................... Sec. 23, T. 33 S., R. 24 E., SLM ................................................ • Am Strat log 390. 
Lion Oil Co. (Monsanto). Garfield ........................... Sec. 10, T. 36 S., R. 4 W., SLM .................................................. *Am Strat log 894. 

Byrcc 1. 
Stanolind, Caineville unit l.. ........ Waync ............................. Sec. 29, T. 28 S., R. 8 E., SLM .................................................. *Am Strat log 786. 
Curter Oil Co., Government Emery ............................. Sec. 27, T. 16 S., R. 12 E., SLM ................................................ *Am Strat log 886. 

Wheatley 1. 
Shell Oil Co., Bluff unit 3 ............ San Juan ........................ Sec. 4, T. 40 S., R. 23 E., SLM .................................................. *Am Strat log 877. 
'l'idcwutcr Oil, unit 6-25 ................ Emery ............................. Sec. 25, T. 26 S., R. 13 E., SLM ................................................ *Am Strat log 176. 
Reynolds Mining Co., Hatch l.. .. Sun Juan ....................... Scc. 4, T. 39 S., R. 24 E., SLM .................................................. *Am Strat log 787. 
Curter Oil Co., Minton State l.. .. Uintah ............................ Sec. 32, T. 14 S., R. 20 E., SLM ............. , .................................. *Am Strat log 790. 
Gulf Oil Corp., Coalbcd San Juan ........................ Sec. 15, T. 35 S., R. 25 E., SLM ................................................ *Am Strat log 779. 

Cunyon unit 1. 
Gulf Oil Corp., Coalbed 

Canyon unit 2. 
Standurd Oil of California 

unit 1. 

...... do ............................... Sec. 20, T. 35 S., R. 26 E., SLM ................................................ • Am Strat log 827. 

Emcry ............................. Sec. 32, T. 25 S., R. 15 E., SLM ................................................ *Am Strat log 886. 

Byt·d-Frost Inc., F. S. Sitton l.. .. San Juan ....................... Sec. 17, T. 33 S., R. 25 E., SLM ................................................ *Am Strat log 388. 
Superior Oil Co., Navajo A l.. .......... do ............................... Sec. 14, T. 40 S., R. 24 E., SLM .................................................. *Am Strat log 806. 
Richfield Oil Co .. Federal !.. .............. do ............................... Sec. 31, T. 37 S .. R. 26 E., SLM ..................... ~ .......................... *Am Strat log 876. 
Huthaway Bros., ...... do ............................... Sec. 5, T. 39 S., R. 25 E., SLM .................................................. *Am Strat log 432. 

Glasco-Federal lB. 
Glasco and Shell, 

Government 1. 
...... do ............................... Sec. 35, '1'. 38 S., R. 25 E., SLM ................................................ *Am Strut log 591. 

Shell Oil Co., Desert Creek 2 .............. do ............................... Sec. 35, T. 41 S., R. 23 E., SLM ................................................ •Am Strat log 679. 
Shell Oil Co., North ...... do ............................... Sec. 33, T. 42 S., R. 22 E., SLM ................................................ *Am Strat log 714. 

Boundary Butte 1. 
Carter Oil Co., White Mesa l.. .......... do ............................... Sec. 1, T. 42 S., R. 24 E., SLM .................................................. *Am Strat log 649. 
Hnppy Jack Mine ................................ do ............................... 110°17'30" W., 37°45' N ................................................................ •A. F. Trites. 
Delhi Oil Corp.. Emery ............................. Sec. 34, T. 25 S., R. 12 E., SLM ................................................ *Am Strat log 554. 

W. N. H.ussell 1. 
Great We!:ltern Drilling and 

H.. S. Brennan, Federal 1. 
Fronticr-Stanolind, 

Crittenden 1. 

Gt·and .............................. Sec. 21, T. 18 S., R. 24 E .• SLM ................................................ *Am Strat log 673. 

...... do ............................... Sec. 12, T. 17 S., R. 25 E., SLM ................................................ *Am Strat log 91. 

Equity Oil Co., Government l.. .......... do ............................... Sec. 20, T. 21 S., R. 23 E., SLM ................................................ *Am Strat log 635. 
Contincntnl-Union-Mountain ...... do ............................... Sec. 23, T. 20 S., R. 21 E., SLM ................................................ *Am Strat log 19. 

Fuel, unit 1. 
Cnlifornia Co., Muley 

Creek unit 1. 
Gurficld ........................... Sec. 18, '1'. 36 S., R. 10 E .. SLM ................................................ *Am Strat log 420. 

Skelly Oil Co., Nokai unit 1-A .... San Juan ........................ Sec. 27, '1'. 40 S., R. 12 E., SLM ................................................ *Am Strat log 572. 
Cane Springs Canyon ........................ do ............................... Sec. 13, T. 27 S., R. 21 E., SLM ................................................ •E. N. Hinrichs. 
Cnnc Spring Wash .............................. do ............................... Sec. 9, T. 28 S., R. 22 E., SLM .................................................. *G. W. Weir and V. 

nedy. 
Clny Hills Pass .................................... do ............................... 110°18' W., 37°25'30" N ................................................................ Mullens (1960, p. 

and sed. facies. 
Red House .............................................. do ............................... 110°13' W., 37°27' N ...................................................................... Mullens (1960, p. 

Carter Oil Co., Ncquoia 
Arch unit 2. 

Midwest Exploration, 
C. G. Pnrry 31X Butler 
Valley. 

and sed. facies. 
Wayne ............................. Sec. 35, T. 27 S., R. 15 E., SLM ................................................ *Am Strat log 878. 

Knnc ................................ Sec. 14, T. 39 S., R. 1 W., SLM ................................................ •Am Strat log 161. 

C. Ken-

315-318) 

311-314) 

Deer '!'rail Mountain .................... Piute ................................ Sec. 10, T. 28 S., R. 4 W., SLM ................................................ *R. F. Wilson and J. R. 
Gigone. 

Sun Juan ........................ Scc. 22, T. 43 S., R. 22 E., SLM ................................................ Strobell (1966). Western Natural Gas Co., 
English 1. 

Hart ·canyon .......................................... do ............................... Sec. 2, T. 291,.{! S., R. 21 E., SLM .............................................. *AEC, Otis McRae. 
Phillips Petroleum, Emery ............................. Sec. 15, '1'. 17 S., R. 8 E., SLM .................................................. •Am Strat log 593. 

Huntington unit 1. 
Pacific Western and Equity, 

Thompson unit 1. 
Hancock-Utah Development, 

Cedar Mountain 1. 

GranJ .............................. Scc. 33, T. 21 S., R. 21 E., SLM ................................................ *Am Strat log 231. 

Emcry ............................. Sec. 9, T. 19 S., R. 12 E., SLM .................................................. *Am Strat log 702. 

Tidewater, Big Flut unit 74-ll .... Grand .............................. Sec. 11, T. 26 S., R. 19 E., SLM ................................................ *Am Strat log 202. 
Ohio Oil Co., Navajo 1 ................ San Juan ....................... Sec. 10, T. 43 S., R. 21 E., SLM ................................................ *Am Strat log 646. 
Weber River .................................... Summit ........................... T. 1 S., R. 6 E., SLM .................................................................... Thomas ant! Krueger (1946, 

p. 1282). 

~t~its o~i~o~p:·:·n~~~-t ..................... ~.~-~;:~~-~.::::::::::·.::::::::::j;~~ ~~·s.f." 4f s.~~~~~6~ .• NsiM::::::::::::::::::::::::::::::::::::::::::::::::::~le:s;r~l~~~· fr;8~64-466 >. 
Creek-Federal 1. 

Cnrtcr Oil Co., 
Navajo-Gothic 2. 

...... do ............................... Sec. 36, T. 40 S., R. 21 E., SLM ................................................ *Am Strat log 861. 
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TABLE 1.- Index to location of control points shown on plate 1 and refe'rred to in text, and source of data for each-Continued 

Locality 
No. Locality County Location in county Source 

of data 

Utah'- Continued 

U-247 
U-250 

Byrd Oil Corp., Government l.. .. Kane ................................ Sec. 5, T. 40 S., R. 5 E., SLM .................................................... *Am Strat log 594. 
California Co., Johns Garfield ........................... Sec. 22, T. 35 S., R. 2 W., SLM ................................................ *Am Strat log 191. 

Valley unit 1. 
California Co., Upper ...... do ............................... Sec. 12, T. 36 S., R. 1 E., SLM ................................................. :*Am Strat log 68. 

Valley unit 1. 
U-251 

U-252 
U-253 
U-273 

Shell Oil Co., Hoven weep l .......... San Juan ....................... Sec. 5, T. 40 S., R. 26 E., SLM .................................................. *Am Strat log 785. 
Texas Co., Navajo H 1 ...................... do ............................... Sec. 7, T. 40 S., R. 26 E., SLM .................................................. *Am Strat log 844. 
Phillips Petroleum, Two Uintah ............................ Sec. 22, T. 14 S., R. 25 E., SLM ................................................ *Am Strat log 708. 

Waters 1. 
Utah Oil and Refining Co., 

Wm. Fitzhugh 1. 
Emery ............................. Sec. 12, T. 19 S., R. 13 E., SLM ................................................ *Am Strat log 130. U-276 

U-277 

U-279 

U-280 

U-281 

U-289 

U-292 

U-293 

U-294 

Amerada Petroleum Co., Grand .............................. Sec. 2, T. 22 S., R. 16 E., SLM .................................................. *Am Strat log 147. 
unit 1. 

Standing Rock Basin .................... San Juan ........................ Sec. 33, T. 28 S., R. 19 E., SLM; *E. N. Hinrichs and D. E. 
sec. 4, T. 29 S., R. 19 E. Melick. 

Hart Draw ............................................ do ............................... Sec. 3, T. 29lh S., R. 21 E., SLM; •E. N. Hinrichs. 
sec. 10, T. 30 S .• R. 21 E. 

· Skelly Oil Co., Richard 
Bryner 2. 

Carbon ............................ Sec. 25, T. 14 S., R. 7 E., SLM .................................................. •Am Strat log D-913. 

Mouth of Red Canyon .................. San Juan ....... _. ............... 110°27'45" W., 37°42'30" N .......................................................... •M. E. Cooley, C. K. Lee, and 
Frank Wright. 

Neskahi Wash ...................................... do ............................... Sec. 35, T. 41 S., R. 11 E., SLM ................................................ •M. E. Cooley, Frank Wright, 
and Bob McGregor. 

North of Neskahi Wash .................... do ............................... Sec. 28, T. 41 S., R. 11 E., SLM ................................................ •M. E. Cooley and Frank 
Wright. 

Mouth of Castle Creek ........................ do ............................... Sec. 13, T. 41 S., R. 12 E., SLM ................................................ *M. E. Cooley. 

work, in 1853, was by Jules Marcou ( 1855, 1858), 
who traversed central New Mexico and Arizona and 
recognized various stratigraphic units, including his 
New Red Sandstone, which corresponds to the pres- · 
ent-day Triassic rocks. J. S. Newberry (1861, 1876), 
first as a member of the Ives expedition in 1857 and 
1858 and later with the Macomb expedition in 1859, 
briefly described the geology, including the Triassic 
strata, in northern Arizona, northwestern New 
Mexico, southwestern Colorado, and southwestern 
Utah. 

During the 1860's, 1870's, and 1880's, the Colorado 
Plateau was the site of lour great surveys that were 
sponsored largely by the U.S. Government: the 
famous Wheeler, Hayden, King, and Powell Surveys. 
The Wheeler Survey (U.S. Geographical Surveys 
West of the One-Hundredth Meridian), under the di
rection of the U.S. Army, undertook the geologic 
study of the Colorado Plateau, particularly the west
ern border in southwestern Utah and northwestern 
Arizona. The Hayden Survey (Geological and Geo
graphical Survey of the Territories), under the direc
tion of the Department of the Interior, covered most 
of Colorado and smaii adjacent parts of Utah, Ari
zona, and New Mexico. The King Survey party (U.S. 
Geological Exploration of the Fortieth Parallel), 
under the direction of the U.S. Army, investigated 
and described the geology of parts of northern Utah 
and Colorado. The work done under direction of Maj. 
John W. Poweli, often referred to as the Powell Sur
vey, included studies carried out with private funds 
as well as those made under the Department of the 
Interior. The Powell Survey included parts of north
ern Arizona, eastern Utah, and northwestern Colo
rado. These early surveys recognized and named many 
stratigraphic units, some of which were correlated 

throughout a large part of the Colorado Plateau. Per
haps the most impressive attempt at regional correla
tion was that of Powell ( 1876), who recognized four 
major groups of strata of Trias and Jura age, as he 
called them. The divisions are, in ascending order, the 
Shinarump Group, the Vermilion Cliff Group, the 
White Cliff Group, and the Flaming Gorge Group. 
Powell correlated these groups between the Uinta 
Mountains on the north and northwestern Arizona 
on the south. The Shinarump Group included the 
Moenkopi and Chinle Formations as recognized today. 

Of the names proposed by Powell, only Shinarump 
is used today. Poweii used the term Shinarump in a 
dual sense: to describe a group, and to describe a thin 
sandstone and conglomerate unit (his Shinarump 
Conglomerate) within that group. This latter usage is 
the one that has been retained as the Shinarump 
Member of the Chinle Formation. 

From 1899 to 1914, Whitman Cross and his associ
ates examined and described. the geology of the San 
Juan Mountains region (pl. 1) in southwestern Colo
rado. In this work, Cross and his associates defined 
the Dolores Formation (Cross, 1899) ; they later 
modified this definition (Cross and Howe, 1905a). 
The term Dolores Formation as used in Cross's modi
fied definition is applied to rocks equivalent to the 
Chinle Formation, but the term is retained because 
of long-standing usage. 

The next major work in the Colorado Plateau 
region was that by Gregory (1914, 1916, and 1917), 
who described many of the salient features of the 
Triassic stratigraphy in north-central and east-central 
Arizona. Gregory's paper ( 1917) on the Navajo 
country (largely what is now included in the Navajo 
Indian Reservation) is an outstanding contribution 
to the stratigraphy of the Colorado Plateau. Although 
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much of Gregory's work has been revised, many of his 
names and stratigraphic divisions are still used today. 
Gregory (1915, 1917) recognized the Shinarump Con
glomerate and named the overlying Chinle Formation. 
His Shinarump Conglomerate is largely the same as 
the unit now called the Shinarump Member of the 
Chinle Formation. Gregory named the Chinle Forma
tion for exposures in Chinle Valley in northeastern 
Arizona and recognized four divisions of the forma
tion; these are, in descending order, his A, B, C, and 
D divisions. These divisions correspond to units now 
recognized as formally named members. The A divi
sion is the Rock Point Member of the Wingate Sand
stone (and the laterally equivalent Church Rock 
Member of the Chinle Formation) ; the B division, 
the Owl Rock Member; the C division, the Petrified 
Forest Member; and the D division, the Monitor 
Butte and lower red members. These members are 
the basis of much of the detailed stratigraphic work 
recently done on the Colorado Plateau. 

In the 1920's, 1930's, and 1940's, many detailed 
geologic mapping projects and stratigraphic studies 
were carried out on the Colorado Plateau, mostly 
under the direction of the U.S. Geological Survey. 
The most important stratigraphic paper resulting 
from these studies is one by Baker, Dane, and Reeside 
(1936) on the correlation of Jurassic formations in 
parts of Utah, Arizona, New Mexico, and Colorado. 
This paper, though mainly concerned with Jurassic 
formations, also contains considerable information on 
Triassic rocks. Other papers of this period that con
tain important stratigraphic information include those 
by Baker (1933, 1936, 1946), Baker, Dane, and Ree
side (1947), Dane (1935), McKnight (1940), Long
well, Miser, Moore, Bryan and Paige (1923), Gilluly 
and Reeside (1928), Gregory and Moore (1931), and 
Gregory (1938). 

During the 1950's and 1960's, a large number of 
publications described the Chinle Formation and re
lated strata, and members of the Chinle Formation 
were named and defined. These publications, though 
not discussed in chronological order, are referred to 
in the following discussion of the nomenclature used 
in different areas of the Colorado Plateau. 

The nomenclature used in northern Arizona and 
adjacent parts of Nevada, Utah, and New Mexico 
(fig. 1, col. A) had its roots in the work of Gregory 
(in Gregory and Williams, 1947; Gregory, 1950) in 
Zion National Park and vicinity in southwestern 
Utah, but Gregory's nomenclature has been exten
sively modified. In the Zion area, Gregory recognized 
the Shinarump Conglomerate and the overlying 
Chinle Formation. The Shinarump Conglomerate has 
since been everywhere regarded as a member of the 

472-202 0 - 72 - 2 

Chinle Formation (Longwell, 1952; Stewart, 1957), 
a practice followed here. Also in the Zion· area, 
Gregory divided the Chinle Formation into four mem
bers, which are, in ascending order: Lower sandstones; 
Petrified Forest Member; Springdale Sandstone Mem
ber; and upper sandstones. The thin "lower sand
stones" unit is difficult to recognize as a distinct 
member and is included here in the Petrified Forest 
Member. The name Petrified Forest Member was first 
used in print by Maxey (1946, p. 337) and was de
fined by Gregory (in Gregory and Williams, 1947, p. 
223; in Gregory, 1950, p. 67), but, as has been de
scribed by Averitt, Detterman, Harshbarger, Repen
ning, and Wilson (1955) and Harshbarger, Repenning, 
and Irwin ( 1957), the upper part of Gregory's origi
nal Petrified Forest Member, as well as his Springdale 
Sandstone Member and upper sandstones, is part of 
the Glen Canyon Group, which overlies the Chinle 
Formation elsewhere on the Colorado Plateau. The 
Chinle Formation as now recognized in the Zion area 
and adjacent areas in southwestern Utah and north
western Arizona, therefore, is only the lower part of 
what was originally considered to be the Chinle For
mation by Gregory. Similarly, the Chinle Formation 
as presently recognized in southern Nevada (Wilson 
and Stewart, 1967) is only the lower part of what was 
originally considered to be Chinle Formation by Long
well (1928, 1949) and Hewett (1956). 

In northeastern Arizona, exclusive of the Monu
ment Valley area, and in northwestern New Mexico 
(eastern part of area A, fig. 1), the nomenclature 
used here is largely the same as that used by Akers, 
Cooley, and Repenning (1958), Cooley (1959), and 
Repenning, Cooley, and Akers (1969). Here, the fol
lowing members are recognized, in ascending order: 
(1) Shinarump Member, (2) the lower red member 
and the related, but geographically separate, Mesa 
Redondo Member and sandstone and mudstone mem
ber, (3) the Petrified Forest Member, and (4) the Owl 
Rock Member. The name "lower red member" was 
first used by Akers, Cooley, and Repenning (1958), 
and the Mesa Redondo Member was named by Cooley 
(1958). The sandstone and mudstone member is de
scribed in this report. The Petrified Forest Member, 
as already mentioned, was named by Maxey ( 1946) 
and Gregory (in Gregory and Williams, 1947) in the 
Zion National Park area in southwestern Utah. A 
prominent· sandstone unit in the Petrified Forest 
Member in northeastern Utah and adjacent parts of 
New Mexico, termed the "Sonsela" by Kiersch · ( 1955, 
p. 5) , has been called the Sonsela Sandstone Bed by 
Akers, Cooley, and Repenning (1958). The name Owl 
Rock Member was first used by Kiersch (1956, p. 5), 
Witkind (1956, pl. 6), and Stewart (1957) ; the type 
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FIGURE 1.- Nomenclature of the Chinle Formation and related strata in the Colorado Plateau region. 



PREVIOUS WORK AND HISTORY OF NOMENCLATURE 13 

section was described by Witkind and Thaden (1963, 
p. 30-32). 

As originally defined by Gregory (1917) in north
eastern Arizona, the uppermost part of the Chinle 
Formation included red siltstone, called Division A, 
and the top of the Chinle Formation was placed at 
the .contact between siltstone below and the massive 
sandstone of the Wingate Sandstone above. Harsh
barger, Repenning, and Irwin (1957), however, re
moved the red siltstone (Gregory's Division A) from 
the Chinle Formation and assigned it to the overlying 
Wingate Sandstone. Their Wingate Sandstone thus 
consists of a lower member of red siltstone, which 
they called the Rock Point Member, and an upper 
member of massive sandstone, the original Wingate 
Sandstone, which they called the Lukachukai Member. 
This nomenclature is used in this report, although, as 
will be described later, the writers feel that the red 
siltstone termed the Rock Point Member is lithologi
cally more related to the Chinle than to the Wingate. 

For southeastern and east-central Utah and the 
Monument Valley area, northeastern Arizona (fig. 
1, col. B), the nomenclature used here is largely the 
same as that used by Stewart (1957) and by Stewart, 
Williams, Albee and Raup (1959). Here, in ascending 
order, the following members are recognized: Shi
narump, Monitor Butte, Moss Back, Petrified Forest, 
Owl Rock, and Church Rock. The names Monitor 
Butte and Owl Rock Members were first used by 
Kiersch (1956, p. 4), Witkind (1956, pl. 6) and Stew
art (1957); the type sections were described by Wit
kind and Thaden ( 1963, p. 26-28, 30-32). The Moss 
Back Member was first described as the "Moss 
Back" sandstone unit by Stewart and Smith (1954, p. 
31), and later it was defined as a member by Stewart 
(1957). The name Church Rock Member was first 
used by Stewart (1957); the section that is con
sidered to be the type section was described by Wit
kind and Thaden (1963, p. 32-34) in Monument 
Valley, northeastern Arizona. The Church Rock 
Member in the type area consists mostly of red silt
stone at the top of the Chinle Formation and is con
sidered to be the same unit as the Rock Point Member 
of the Wingate Sandstone as defined by Harshbarger, 
Repenning, and Irwin '(1957) to the south in adjacent 
areas in Arizona. Here, and also in Harshbarger, 
Repenning and Irwin (1957) and in Witkind and 
Thaden (1963), the name Rock Point Member of the 
Wingate Sandstone is used for the unit of red silt
stone south of Laguna Creek in Arizona, and the 
name Church Rock Member of the Chinle Formation 
is used for the same unit north of Laguna Creek. The 
details of this nomenclatural problem are described 

in the section on the upper part of the Chinle 
Formation. 

In southeastern Utah and locally elsewhere in the 
Colorado Plateau, thin units composed principally of 
mottled siltstone occur locally at the base of the 
Chinle Formation. In the San Rafael Swell, these 
mottled strata form a well-defined unit that has been 
named the Temple Mountain Member of the Chinle 
Formation by Robeck (1956). 

In north-central New Mexico (fig. 1, col. C), the 
names Agua Zarca Sandstone Member and the Sa
litral Shale Tongue of the Chinle Formation were 
proposed and defined by Wood and Northrop (1946). 
The Poleo Sandstone Lentil was originally called the 
"Poleo Top Sandstone" by Huene (1911) and later 
was defined as a lentil by Wood and Northrop (1946). 
The informal name "sandstone member" is here used 
for strata that were originally included in the Agua 
Zarca, but, as described later, appear to form a 
lithologically distinct unit separate from the Agua 
Zarca. Use of the name Petrified Forest Member in 
north-central New Mexico is based on information 
presented in this report. The informal name "silt
st<;me member" is used in north-central New Mexico 
to describe a local unit of red beds. 

In southwestern Colorado (fig. 1, col. D), the long
standing name Dolores Formation is used, although 
it is correlative with the Chinle Formation recognized 
elsewhere in the Colorado Plateau region. In the 
southern part of southwestern Colorado, three mem
bers are recognized in the Dolores Formation. In the 
northern part of the area, a thin basal sandstone is 
the most conspicuous unit in the formation; there the 
three members cannot be recognized. 

In most of west-central and central Colorado (fig. 
1, col. E), the Gartra, mottled, and red siltstone mem
bers are recognized in the Chinle Formation (Poole 
and Stewar~, 1964) ; but in the southwestern part of 
this area, the Gartra and mottled members are not 
recognized, and the Chinle consists of a basal sand
stone unit and an overlying red siltstone member. 

In northeastern Utah and northwestern Colorado 
(fig. 1, col. F), the Shinarump and the overlying part 
of the Chinle Formation have been recognized by most 
geologists (Thomas and others, 1945; Huddle and 
McCann, 1947; Kinney, 1951, 1955; Brill, 1944; 
Donner, 1949; Sheridan, 1950). The name Gartra 
was originally proposed by Thomas and Krueger 
(1946), who used the term Gartra Grit Member of 
the Stanaker Formation. Because of regional work 
on the Colorado Plateau, the Shinarump in this area 
can be shown to be a separate unit and has been re
defined as the Gartra Member .of the Chinle Forma-
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tion (Poole and Stewart, 1964). Overlying the Gartra 
Member, a mottled member, an ocher siltstone mem
ber, and an upper member have been recognized by 
Poole and Stewart ( 1964) . The nomenclature of 
Poole and Stewart is used here. 

STRATIGRAPHY 

The Chinle Formation and the laterally continuous 
Dolores Formation extend over most of the Colorado 
Plateau and adjacent areas. The distribution of these 
formations and the lateral relations of the various 
units within them is shown on the fence diagram (pl. 
2). The name Chinle Formation is generally used in 
Colorado and Utah, but to the north, in Wyoming, 
rocks of similar age and lithologic type are largely 
included in the Popo Agie Formation. To the east, in 
north-central and central Colorado, the Chinle For
mation pinches out on the flanks of the ancestral 
Uncompahgre and Front Range highlands. To the 
southeast, rocks of Late Triassic age extend into 
southeastern Colorado, eastern New Mexico, the 
panhandle of Oklahoma, southwestern Kansas, and 
western Texas (McKee and others, 1959). In these 
areas, the term Dockum Group, consisting of the 
Santa Rosa Sandstone and the Chinle Formation, is 
mostly used. To the south, the Chinle Formation 
probably did not extend beyond the north flank of 
the Mogollon highland, an ancient highland which 
occupied southern Arizona and adjacent parts of 
California and New Mexico. The Chinle Formation 
is well defined in the southern part of the Spring 
Mountains near Las Vegas, Nev., but correlation of 
the formation west of this area is uncertain. Upper 
Triassic rocks, however, occur extensively in western 
Nevada and at several localities in southeastern Cali
fornia (Reeside and others, 1957). The Chinle For
mation represents only a part of the extensive Upper 
Triassic deposits of the western United States 
(McKee and others, 1959) . 

On most of the Colorado Plateau, the Chinle For
mation unconformably overlies the Moenkopi Forma
tion of Early and Middle ( ?) Triassic age or laterally 
continuous strata (pl. 3). In the eastern part of the 
plateau, the Moenkopi Formation is absent, and the 
Chinle Formation rests unconformably on rocks of 
Permian age. On the flanks of the ancestral Uncom
pahgre and Front Range highlands in Colorado and 
New Mexico, the Chinle Formation locally rests un
comformably on pre-Permian rocks, and nearer the 
crest it rests on igneous and metamorphic rocks of 
Precambrian age. 

The lower boundary of the formation is everywhere 
an unconformity. The unconformity is a remarkably 
flat surface in some areas but in other areas consists 

of swales or of channels scoured into the underlying 
rocks and filled with the strata of the Chinle Forma
tion. In only a few areas, mostly along the flanks of 
the Uncompahgre and Front Range highlands, can 
angularity be noted between the Chinle Formation 
and the underlying sedimentary rocks. Such angu
larity occurs in the Ouray area in southwestern Colo
rado, where the Dolores Formation (a lateral 
equivalent of the Chinle Formation) rests with a 
discordance of 6° or 7° on formations of Paleozoic 
age (Cross and Howe, 1905b). 

In most of the Colorado Plateau region, the Chinle 
Formation is overlain by formations of the Glen 
Canyon Group. In the central part of the plateau, the 
basal formation of this group, the Wingate Sand
stone (Upper Triassic), overlies the Chinle Forma
tion. The contact of the Chinle Formation and 
Wingate Sandstone is. a flat plane and is considered 
to be a disconformity in the central part of southeast 
Utah, although it appears conformable in easternmost 
Utah, western Colorado, and parts of northeastern 
Arizona. In north-central Arizona, southwestern 
Utah, and southern Nevada, the Moenave Formation 
(Triassic?) or the Moenave and Kayenta Formations 
undifferentiated (also Triassic?) of the Glen Canyon 
Group disconformably overlie the Chinle Formation. 
In southwestern and northeastern Utah and north
westernmost Colorado, the Glen Canyon Sandstone 
(Triassic and Jurassic) conformably overlies the 
Chinle Formation. Along the eastern margin of the 
Colorado Plateau, the Entrada Sandstone (Upper 
Jurassic) of the San Rafael Group truncates older 
formations eastward and unconformably rests on the 
Chinle Formation in north-central New Mexico and 
south-central, central, and parts of north-central 
Colorado. Along the southern margin of the Colorado 
Plateau, the Dakota Sandstone (Early and Late 
Cretaceous in age) truncates older formations south
ward and on outcrops ·in east-central Arizona and 
west-central New Mexico unconformably overlies the 
Chinle Formation. In east-central Arizona, the Dakota 
Sandstone truncates the entire Chinle Formation and 
rests directly on the Moenkopi Formation. Such 
southward beveling and total truncation of the Chinle 
Formation by erosion prior to the deposition of the 
Dakota Sandstone can be demonstrated only in east
central Arizona but probably occurred elsewhere or 
everywhere along the southern margin of the Colo
rado Plateau. Locally, in the eastern part of the De
fiance uplift in northeast Arizona, the Chinle is 
overlain disconformably by the Bidahochi Formation 
of Tertiary age. 

The Chinle Formation and related strata range in 
thickness from a wedge edge to slightly more than 
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1,700 feet (pl. 3). Thickness is greatest, generally 
more than 1,000 feet, in east-central Arizona and 
west-central New Mexico and decreases to the north 
and northeast; it is also slightly more than 1,000 feet 
in a local basin in northwestern Colorado. 

The Chinle Formation is divided into two major 
parts (fig. 1) on the basis of distinct litho logic 
characteristics that closely reflect differences in the 
environment of deposition and in the source of con
stituting material. The lower (bentonitic) part con
sists of variegated bentonitic claystone and clayey 
sandstone of the Monitor Butte, Petrified Forest, and 
r~lated members and of thin widespread ledge-form
ing sandstone and conglomerate units such as the Shi
narump and Moss Back Members. These strata 
contain abundant volcanic debris largely derived from 
a southern source, the Mogollon highland in southern 
Arizona. A minor contribution of sediment was from 
the Uncompahgre and Front Range highlands of Colo
rado and northern New Mexico. 

The upper (red-beds) part of the Chinle Forma
tion is composed of reddish-brown horizontally bedded 
or structureless siltstone and sandstone, limestone 
pebble conglomerate, and cross-stratified sandstone. 
It consists of the Owl Rock Member overlain by the 
Church Rock Member and related units. These strata 
are commonly arkosic and were largely derived from 
the igneous and metamorphic terrane of the Un
compahgre and Front Range highlands of Colorado 
and northern New Mexico, although some sediment 
was from the Mogollon highland in southern Arizona. 

The contact between the upper and lower p·arts of 
the Chinle Formation is gradational and inter
tonguing, and although the lithologic differences be
tween the two parts are marked, the exact boundary 
is difficult to locate precisely in many areas. In some 
areas, the contact is gradational across at least 200 
feet. 

The units and members in the Chinle Formation 
are of two general types: ( 1) thin lithologically 
homogeneous sandstone and conglomerate units, such 
as the Shinarump Member, Moss Back Member, and 
the Sonsela Sandstone Bed, and (2) thick lithologi
cally heterogeneous units such as the Monitor Butte, 
Petrified Forest, Owl Rock, and Church Rock Mem
bers. Units of the first type are fairly easy to study, 
and few problems arise about correlation. Units of 
the second type, however, present many problems of 
definition and correlation, and study of them has led 
to conflicting concepts of what strata are included in 
a unit and of how far a unit extends. These different 
concepts are related to the complexity of the stratig
raphy of the rocks being studied. The formation is 
composed of complexly intertonguing and intergrad-

ing units rather than of a simple stack of widespread 
and lithologically distinct units. 

The members described here are recognized on the 
basis of lithologic characteristics that distinguish 
them from ov~rlying and underlying units, but con
siderable freedom is retained in the usage so that 
laterally continuous strata of somewhat different 
facies and unusual local rock types can be included. 
Lateral gradation of part or all of one member into 
another is common, and upward or downward trans
gression of a unit within the Chinle also occurs. In 
addition, no age correlation is intended in the use of 
a member name; possibly a unit may be entirely 
younger in one area than the same lithic and prob
ably physically continuous unit in another area. 
Probably most of these members are complex inter
nally, and some are difficult to distinguish from over
lying and underlying rocks. Some uncertainty will 
therefore probably always remain as to the most 
logical way of dividing the Chinle. 

LOWER (BENTONITIC) PART OF CHINLE FORMATION 

The lower part of the Chinle Formation, which is 
composed mainly of variegated bentonitic claystone, 
clayey sandstone, and thin widespread units of sand
stone and conglomerate, extends throughout much of 
the Colorado Plateau (pl. 4). It is thickest, generally 
over 1,000 feet, in east-central Arizona and west
central New Mexico, and it thins to the north. 

The lower (bentonitic) part of the Chinle Forma
tion contains 11 members or units with formal names 
and nearly that many with informal names (fig. 1). 
In addition, some of the members contain regionally 
persistent units, some of which have been given in
formal names. Many of these members and units are 
distinguished only in a part of the Colorado Plateau 
region and grade laterally into other recognized units. 
Description of these complexly interrelated units re
quires some sort of grouping to give a coherent 
picture. To do this, the lower part of the formation 
is divided into five units or groups of related units, 
which are, in ascending order: ( 1) Mottled strata, 
(2) Shinarump Member and related units, (3) Moni
tor Butte and related members, (4) Moss Back and 
related members, and (5) Petrified Forest and ocher 
siltstone members. This grouping is somewhat arbi
trary and perhaps presents an oversimplification of 
the stratigraphic relationships, but it emphasizes 
gross lithologic similarities of units. 

l\-IOTTLED STRATA 

The term "mottled strata" describes rocks with 
a peculiar mottling of reddish purple, pale reddish 
brown, and light greenish gray that occur pre-
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dominantly in the basal part of the Chinle Forma
tion. The mottled coloration is believed to have 
formed by some process of alteration, probably 
during the formation of a soil. The alteration com
monly crosses stratigraphic boundaries and has been 
imposed on different kinds of rocks in different 
places. Locally, the alteration extends downward into 
the top few feet of the sedimentary or metamorphic 
rocks directly below the Chinle Formation. 

With few exceptions, the mottled strata occur at 
the base, or in the basal part, of the Chinle Forn1a
tion or in the top few feet of the rocks directly 
below the Chinle Formation. The rocks directly 
below the Chinle on which the mottled coloration 
is developed include the Moenkopi Formation in 
much of the Colorado Plateau, the Cutler Formation 
(Permian) in southwestern Colorado and north
central New Mexico, the DeChelly Sandstone 
(Permian) in northeastern Arizona, and meta-
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FIGURE 2.- Correlation of Chinle Formation from Circle Cliffs to San Rafael Swell, Utah. 
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these areas, the rocks are referred to informally as 
mottled strata. 

The mottled member in northeastern Utah and 
northwestern Colorado differs fron1 other occur
rences of such rock in that it overlies the basal 
sandstone and conglomerate unit, the Gartra Member 
of the Chinle Formation, whereas elsewhere these 
mottled strata generally underlie such units. Another 
unusual occurrence of the mottled strata is along 
Echo Cliffs in northeastern Arizona, where thin 
intervals of mottled siltstone, sandstone, and con-
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miles. The Temple Mountain Member, which is 
composed predominantly of mottled rock, extends for 
many miles without interruption and occurs on 85 
percent of the outcrops of the Chinle Formation in 
the San Rafael Swell (Robeck, 1956). The mottled 
member (Poole and Stewart, 1964) in northeastern 
Utah and northwestern Colorado is also a persistent 
unit. 

Rocks characterized by a distinctive mottled colora
tion, striking and unmistakable in its typical form, 
include siltstone, sandy siltstone, sandstone, and 
conglomerate, and even granitic or metamorphic 
rock (fig. 4). In these rocks, reddish purple, pale 
reddish brown, and light greenish gray are in
tricately mottled ; irregular blotches generally 1 or 
2 inches across of one color are intricately inter
woven with blotches of the other colors. In a few 
areas, irregular vertical gray bands a few inches 
across produce conspicuous stripes. 

FIGURE 4.- Mottled strata in basal part of Chinle Formation 
about 7 miles up the Colorado River from Moab, Utah. 

The most common mottled rock is siltstone that 
contains scattered fine to very coarse rounded grains 
of quartz. Such grains of quartz have not been noted 
in the mottled strata of the Moenkopi Formation, 
and the presence or absence of these grains, there
fore, is one basis for distinguishing the mottled strata 
of the Chinle Formation from strata that may occur 
directly below at the top of the Moenkopi Formation. 

The mottled strata are most commonly 5 to 25 feet 
thick. The Temple Mountain Member, which is 

composed mainly of mottled rock, is generally about 
20 to 30 feet thick in the San Rafael Swell (fig. 2) 
and attains a maximum thickness of 101 feet in a 
channel fill (Robeck, 1956). The mottled member 
(Poole and Stewart, 1964) in northeastern Utah and 
northwestern Colorado is generally 20 to 50 feet 
thick. The mottled strata are unusually thick- at 
least 200 feet- at the locality about 7 miles up the 
Colorado River from Moab, Utah, where the photo
graph (fig. 4) was taken. 

The contact of the mottled strata with underlying 
rocks is, in most places, poorly defined and transi
tional. The upper contact is commonly sharp but 
may be gradational. 

SHINARUMP AND RELATED MEMBERS 

Thin, relatively widespread cross-stratified sand
stone and conglomerate units, all considered to be 
stream deposits, occur at the base of the Chinle 
Formation or are separated from the base by a few 
feet of mottled strata. These units include (1) the 
Shinarump Member, throughout a large part of the 
Colorado Plateau, (2) the Agua Zarca Sandstone 
Member, in the Rio Chama, San Pedro Mountain, 
and Nacimiento Mountains areas in north-central 
New Mexico, (3) an unnamed sandstone member, 
in the San Ysidro area of north-central New Mexico, 
and (4) the Gartra Member, in northeastern Utah 
and northwestern Colorado. Although these units 
resemble each other in gross lithologic character
istics, they are geographically separate stratigraphic 
units. 

SHINARUMP MEMBER 

The Shinarump Conglomerate, as it was originally 
called, was named for the Shinarump Cliffs (pl. 1) 
in southwestern Utah. The unit was first recognized 
by Powell (1873), who used the name Shinarump 
Cliffs for the topographic feature developed on the 
unit, although he did not specifically use the name 
Shinarump Conglomerate. The term was first used 
in print by Gilbert (1875) and Howell (1875), and 
these geologists are often given credit for the name. 
References to Powell in the works of Gilbert and 
Howell, however, leave little doubt that they con
sidered Powell the originator of the term, even 
though he did not publish the name until 1876. The 
Shinarump Conglomerate was considered a separate 
formation until recently, when it was recognized 
as a member of the Chinle Formation (Longwell, 
1952; Stewart, 1957). 

The Shinarump Member is a sandstone and con
glomerate unit believed to have been deposited by a 
complex stream system in which the time of de
position and the provenance of the deposits varied 
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somewhat from place to place. Such a complex of 
stream deposits creates nomenclatural difficulties be
cause one cannot be sure how widely to apply a 
particular stratigraphic name. Many geologists have 
used the term Shinarump throughout much of the 
Colorado Plateau and beyond, but such a policy 
seems unfo.rtunate if the term .i1as been extended so 
far that it has lost specific meaning other than to 
indicate any sa:ndstone or conglomerate in a partic
ular stratigraphic position. On the other hand, to 
apply individual names to each isolated lens or to a 
small natural grouping of lenses seems to be equally 
inappropriate if it leads to a proliferation of formal 
terms. The policy used here is a compromise between 
the two views and attempts to lump together similar 
units but does not extend the term over too wide an 
area. Nonetheless, it is difficult to be completely con
sistent in applying the name Shinarump, and 
geologists differ in their concept of how the term 
should be used. 

The Shinarump Member occurs in about 140,000 
square miles of the southwestern two-thirds of the 
Colorado Plateau region, although it is absent in 
several large areas and many small areas within this 
region (pl. 4). The distribution of the member is 
difficult to depict on a small-scale map because details 
of the occurrence of the member are highly complex. 
In some areas, the member occurs along much of 
the outcrop and is absent only locally; in other areas, 
it occurs only along a small part of the outcrop. An 
attempt has been made on the map to show areas 
where the member is present along about 90 percent 
of the outcrop and also areas where it is absent 
along about 90 percent of the outcrop. This arbitrary 
arrangement gives some idea of the distribution, 
though one far from satisfactory or complete. Out
side of areas of outcrop, the distribution pattern is 
highly interpretive and presents a conceptual picture 
rather than a factual one. 

The Shinarump Member also occurs as isolated 
lenses in outcrops in west-central and central New 
Mexico (fig. 5), although this is not shown on plate 
4. Such lenses occur at Fort Wingate (fig. 5, loc. A) 
and 0)1 the west side of the Lucero uplift (pl. 1), in 
sec. 4, T. 6 N., R. 4 W. 

In southeastern Utah, Young (1964, p. 856-860) 
has recognized the Shinarump Member over a larger 
area than we do in this report. He considers that the 
Shinarump Member extends as isolated lenses far 
north of the northern limit recognized in this report, 
and he recognizes an unconformity between his 
Shinarump and the overlying part of the Chinle 
Formation. We feel that the units that he calls 
Shinarump near the Colorado River north of Elk 

Ridge are probably coarse basal deposits of the 
Moss Back Member, which in this area lies at the 
base of the Chinle Formation. 

The Shinarump Member is typically yellowish
gray and pale-yellowish-orange fine- to coarse
grained friable sandstone. Lenses of conglomeratic 
sandstone and conglomerate containing granules and 
pebbles predominantly of quartz, quartzite, and 
chert are common. Some conglomerate layers, mostly 
near the base of the member, are composed largely 
or entirely of siltstone fragments derived locally 
from erosion of underlying rocks. Fragments and 
logs of silicified and carbonized wood are locally 
abundant. Most of the unit is cross stratified, al
though horizontally stratified and structureless layers 
occur also. The cross-strata (fig. 6) are in tabular
planar and trough sets, generally 0.5 foot to 2 feet 
thick. Rib-and-furrow structures (also called micro
cross-strata or small-scale cross-strata) are common 
near the top of the member. The member is a re
sistant unit that forms vertical cliffs (fig. 7) and in 
some areas underlies broad benches. 

The thickness of the Shinarump Member is vari
able but may average about 30 feet; in some areas, 
it is 60 feet along many miles of outcrop. The mem
ber is commonly 100 or more feet thick where it 
fills channels ·and is 250 feet thick in a channel fill 
reported by Young (1964, p. 860). 

The lower contact of the Shinarump Member is 
an erosion surface. In·· some areas, the contact is 
marked by conspicuous channels cut into the 
Moenkopi Formation and filled with the sedimentary 
rocks of the Shinarump. Th"ese channels commonly 
are a few hundred feet wide and cut 25 to 75 feet 
into the Moenkopi Formation (Witkind, 1956). 
Some, however, are much wider, up to 2,300 feet 
wide; and others are much deeper, as much as 150 
feet deep, especially where local deeper scours occur 
within a channel (Black and others, 1962, fig. 65B). 
Channels have been traced for distances as great as 4 
miles ( Witkind and Thaden, 1963, p. 104). They are 
most conspicuous in the Shinarump in Circle Cliffs, 
Utah; in Monument Valley, Utah and Arizona; and 
near Lees Ferry, Ariz. 

The lower contact of the Shinarump Member is 
also marked by broad swales or valleys which range 
in width fron1 1 to 3 miles and have a relief of about 
40 feet in the 1\llonument Valley area, Arizona 
(Witkind, 1956). A swale at Lees Ferry (pl. 1) in 
north-central Arizona is at least 10 miles wide and 
extends 175 feet into the Moenkopi FQrmation 
(Phoenix, 1963, fig. 6). 

In areas where channels and swales are not pres
ent, the lower contact of the Shinarump Member is 
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FIGURE 5.- Correlation of Triassic and some Jurassic rocks in west-central and central New Mexico. 

virtually flat and is marked only by a few scours a 
foot or two deep. 

The Shinarump Member in most areas grades 
upward into and intertongues with claystone, silt
stone, or clayey sandstone. The upper contact is 
generally placed at the top of the highest cross
stratified sandstone. 

A sandstone and conglomerate unit in southern 
Nevada that differs slightly in lithology from the 
Shinarump Member elsewhere is referred to as the 
Shinarump ( ?) Member (Wilson and Stewart, 1967). 
The lithologic difference may reflect a difference 
in the source of the sediments. The unit in 
southern Nevada differs from typical Shinarump 
to the east in that it locally contains a conspicuous 
clay matrix in the sandstone and contains abundant 
chert pebbles. At the Spring Mountains section (loc. 

N-2), the lower 12 feet of the Shinarump ( ?) Mem
ber is composed entirely of chert pebble conglom
erate. The Shinarump ( ?) of Nevada is otherwise 
similar to that elsewhere. 

The Shinarump Member in the Elk Ridge-White 
Canyon area in southeastern Utah (pl. 4) also 
differs lithologically, although very slightly, from 
the member elsewhere. Pebbles in the Shinarump 
Member in the Elk Ridge-White Canyon area are 
predominantly quartz, and the proportion of quartz, 
quartzite, and chert pebbles in that area is statisti
cally different from that in most areas to the south 
and west (Thordarson, Albee, and Stewart, "Con
glomerate Studies," this report). Stream directions 
in the member in the Elk Ridge-White Canyon area, 
as determined· from studies of the direction of dip of 
cross-strata, are dominantly west, whereas else-
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where . in the Colorado Plateau region they are 
generally north to northwest. These relationships 
suggest that the Shinarump of the Elk Ridge-White 
Canyon area may have been derived from a different 
source than the member elsewhere, as has been 
suggested by Johnson and Thordarson ( 1959). 

j\.GUA ZARCA SANDSTONE MEMBER 

The Agua Zarca Sandstone Member was named by 
Wood and Northrop (1946) for exposures on Agua 
Zarca Creek 75 miles north of Albuquerque in north
central New Mexico, The member is recognized on 
outci·ops in th.e Rio Chama area (pl. 1), although it 
is absent at some localities there, and in the San 
Pedro Mountain area and the northern part of the 
Nacimiento Mountains (pl. 4; fig. 8). The term 
Agua Zarca Sandstone Member is not as widely 
applied here as it was by Wood and Northrop (1946). 
These geologists recognized the Agua Zarca Sand
stone Member in the San Ysidro area and in the 
southern part of the Nacimiento Mountains; but, as 
will be discussed later, recognition of the Agua Zarca 
Sandstone Member as far south as San Ysidro is 
uncertain. In this report, the informal term "sand-
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FIGURE 8.- Correlation of Triassic and some Jurassic rocks in north-central New Mexico. 

stone member" is used in the San Ysidro area and in 
the southern part of the Nacimiento Mountains 
instead of the name Agua Zarca Sandstone Member. 
In the northern part of the Nacimiento Mountains, 
the sandstone member and Agua Zarca Sandstone 
Member are both present, and the sandstone member 
overlies the Agua Zarca. 

The Agua Zarca Sandstone Member is composed 
of sandstone and minor amounts of conglomerate 
and siltstone. The sandstone is generally grayish red, 
grayish purple, yellowish gray, grayish yellow, very 
light gray, and bluish white; in many places the 
colors are intricately intermixed. The sandstone is 
characteristically coarse to very coarse grained, but 
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very fine to medium-grained layers are common. It 
is composed of thin- to thick-trough sets of small
to medium-scale low-angle cross-strata; in some 
places the stratification is difficult to see and the 
sandstone appears structureless; in other places, the 
sandstone is horizontally laminated. Lenses of con
glomerate occur locally, and all gradations from 
conglomerate to pebbly sandstone are present. The 
conglomerate is composed of granules, pebbles, and 
cobbles of quartz, quartzite, and chert. 

In many localities, sandstone and conglomerate 
constitute the entire Agua Zarca Sandstone Member, 
but at some localities silty claystone and siltstone are 
abundant in the member. Near Coyote (loc. NM-7), 
mottled red, purple, gray, and orange silty claystone 
and siltstone containing swelling clays occur in two 
units 10 to 12 feet thick interstratified with the 
sandstone and conglomerate. 

The thickness of the Agua Zarca Sandstone Mem
ber varies considerably. It is 114 feet thick in 
Senorito Canyon and 67 feet thick at Coyote and 
Abiquiu (fig. 15). A 15-foot-thick unit near Gallina 
is tentatively assigned to the member. 

The member rests unconformably on the Cutler 
Formation (called Abo Formation south of lat 36° 
N.). Small scours cut into the Cutler Formation and 
filled with sandstone and conglomerate of the Agua 
Zarca Sandstone Member occur along the contact, 
which is placed at the change from red and brown 
siltstone and sandstone below to purple, red, orange, 
brown, and gray sandstone and conglomerate above. 

The member is conformably overlain by the Salitt·al 
Shale Tongue of the Chinle Formation in most areas. 
The contact is at the change from sandstone and 
conglomerate below to variegated bentonitic clay
stone and siltstone above. 

The Agua Zarca Sandstone Member and Salitral 
Shale Tongue intertongue extensively, which accounts 
in part for the large local variation in the thickness 
of these members. Near Abiquiu (fig. 8, loc. H), 
the Salitral Shale Tongue is absent, and the Agua 
Zarca Sandstone Member is directly overlain by the 
Poleo Sandstone Lentil. Here the contact is marked 
by a change from red, purple, yellow, and gray 
medium- to coarse-grained sandstone and conglom
eratic sandstone below to yellowish-gray fine- to 
medium-grained sandstone and dark yellowish-orange 
conglomerate above. 

The Agua Zarca Sandstone Member and the 
Shinarump Member are similar in that they both 
consist of cross-stratified sandstone and conglom
erate and lie at the base of the Chinle Formation. 
The two units, however, do not appear to be physi
cally continuous; the Shinarump Member is absent 

from almost all of west-central New Mexico, the 
area where the two units would join if they were the 
same. They are also somewhat different lithologi
cally: the Agua Zarca Sandstone Member is com
monly red and purple, whereas the Shinarump Mem
ber is commonly yellowish gray ; and the Agua Zarca 
Sandstone Member is in many places coarser than 
the Shinarump Member and contains more inter
stitial clay and silt. Finally, stream directions as 
determined from the orientation of cross-strata are 
south to southwest in the Agua Zarca Sandstone 
l\1ember but generally north to northwest in the 
Shinarump Member (pl. 4). As is shown later, the 
Agua Zarca Sandstone Member was probably derived 
from a source in the southern part of the Un
compahgre highland in northern New Mexico and 
southernmost Colorado, whereas most of the Shi
narump Member was derived from a source in 
southern Arizona and adjacent regions. 

SANDSTONE MEMBER 

A unit of sandstone, and locally conglomerate, at 
the base of the Chinle Formation in the San Ysidro 
area 30 miles north of Albuquerque in north-central 
New Mexico (fig. 8, loc. A) and in the southern part 
of the Nacimiento Mountains is designated in
formally in this report as a sandstone member. In 
the northern part of the Nacimiento Mountains, it 
overlies the Agua Zarca Sandstone Member. 

The sandstone member includes the same rocks 
that Wood and Northrop (1946) mapped in the San 
Ysidro area as the Agua Zarca Sandstone Member. 
The name Agua Zarca is not used here for these 
rocks because the Agua Zarca in its type area seems 
distinctly different lithologically from the sandstone 
member. The Agua Zarca Sandstone Member as 
typically developed on Agua Zarca Creek is composed 
predominantly of red, purple, gray, yellow, and 
white coarse to very coarse grained sandstone con
taining conglomerate lenses with pebbles and cobbles 
commonly as much as 3 inches in diameter. The 
sandstone member, on the other hand, is pre
dominantly very pale orange and yellowish-gray 
fine- to medi urn-grained sandstone containing con
glomerate lenses with pebbles rarely exceeding 1 
inch in maximum diameter. 

Study of the orientation of cross-strata also 
indicates a further difference between the Agua 
Zarca Sandstone Member and the sandstone member. 
The cross-strata in the Agua Zarca Sandstone Mem
ber in the Rio Chama and Senorito Canyon areas dip 
dominantly south to southwest, indicating south- to 
southwest-flowing streams (pl. 4). The cross-strata 
in the sandstone member dip dominantly north to 
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northeast, indicating north- to northeast-flowing 
streams. The Agua Zarca Sandstone Member and the 
sandstone member, therefore, were probably de
posited by streams with different drainage patterns 
and different source areas. 

The sandstone member is 165 feet thick in a 
section measured 1 mile northwest of San Ysidro 
(fig. 8, loc. A) and is there composed of sandstone 
and minor amounts of conglomerate ( 13 percent) 
and siltstone (13 percent). The sandstone is very 
pale orange and yellowish gray and fine to medium 
grained and rarely contains very fine grained or 
coarse-grained parts. It is cross stratified or hori
zontally laminated to very thin bedded. The con
glomerate contains granules and pebbles of quartz, 
quartzite, and chert generally less than 1 inch in 
diameter. The siltstone is light gray and light 
greenish gray and occurs as thin to very thick lenses 
or beds interstratified with the sandstone and con
glomerate. 

The sandstone member extends northward over 
the Agua Zarca Sandstone Member and probably 
grades out laterally into the upper part of the Agua 
Zarca and the lower part of the Salitral Shale 
Tongue (fig. 8). Although the sandstone member 
occupies the same stratigraphic position as the Shi
narump Member, the two are not considered to be 
the same, largely because the Shinarump Member is 
absent from almost all of west-central New Mexico, 
the area where the two units would join if they were 
the same. The sandstone member may correlate, at 
least in part, with the Santa Rosa Sandstone of 
eastern and northeastern New Mexico; the two units 
are lithologically similar. The exact correlations, 
however, have not been determined. 

GARTRA MEMBER 

The Gartra Grit Member of the Stanaker Forma
tion was named and described by H. D. Thom.as and 
Krueger (1946) for a thin unit within the Upper 
Triassic sequence in the Vernal area of northeastern 
Utah. The names were not generally accepted be
cause the well-established Colorado Plateau names 
Shinarump Conglomerate and Chinle Formation 
were already in use for these strata in northeastern 
Utah and northwestern Colorado (Powell, 1876; 
C. R. Thomas and others, 1945). Subsequent to 
Thomas and Krueger's work in the Uinta Mountains, 
geologists working there continued to use the names 
Shinarump Conglomerate and Chinle Formation 
(Huddle and McCann, 1947; Kinney and Rominger, 
1947; Kinney, 1951, 1955; and Hansen, 1955). 

Regional stratigraphic work, however, has shown 
that the Shinarump is a member of the Chinle 
Formation that does not extend north of central 

Utah (Stewart, 1957) and that the Gartra occurs 
only in the northern and northeastern parts of the 
Colorado Plateau (Poole and Stewart, 1964) (fig. 
9). As the Garb· a and Shinarump probably are not 
correlative and their relative age is uncertain, the 
name Gartra is preferred for the basal sandstone 
and conglomerate unit of the Chinle Formation in 
northeastern Utah and northwestern Colorado. Such 
a usage has been proposed by Poole and Stewart 
(1964, p. D32) and is used in this report. 
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FIGURE 9. -Inferred depositional limits and stratigraphic 
relations of Moss Back, Gartra, and Shinarump Members 
of Chinle Formation. 

The Gartra Member extends throughout much of 
northeastern Utah and northwestern Colorado (pl. 
4). It is discontinuous, particularly in parts of 
Colorado, where it occurs only as isolated lenses. 

The Gartra Member consists mainly of light
colored sandstone, conglomeratic sandstone, and 
some conglomerate. Locally the member is stained 
purple and red. The conglomerate layers contain 
pebbles and scattered cobbles of quartz, some chert 
and quartzite, and sparse feldspar, quartzose sand
stone, and limestone. The member is cross stratified 
in most areas and locally contains silicified log 
fragments. 
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The Gartra Member varies greatly in thickness. In 
northeastern Utah it is generally 20 to 50 feet thick, 
but in northwestern Colorado it is generally only 5 
to 30 feet thick. The member is thickest where it fills 
channels cut into the underlying rocks. 

In the exposures examined, a sharp erosional con
tact was noted between the light-colored Gartra 
Member and the underlying red beds. The contact 
is undulating and marked by small channels and 
scours. Beds above and below the contact appear 
concordant at all outcrops, and the contact is an 
apparent erosional disconformity; however, east
ward the Gartt·a rests on progressively older beds, 
and the contact is clearly a regional angular un
conformity. 

The Gartt·a Member is overlain by the mottled 
member, a member intimately related to the Gartt·a. 
The contact between these members is placed at the 
top of rather continuous light-colored sandstone and 
conglomerate that extends to the base of the Chinle 
Formation. The contact is gradational and inter
tonguing. Gartt·a-like sandstone and conglomerate 
occur as lenses within the mottled member, especially 
in northwestern Colorado, and tongues of mottled 
rock extend into the Gartra. 

MONITOR BUTTE AND RELATED MEMBERS 

Slope-forming claystone and clayey sandstone and 
interstratified thin lenses of ledge-forming sandstone 
overlie the sandstone and conglomerate of the Shi
narump and related members. These strata are 
generally 50 to 200 feet thick and are designated by 
different names in different areas. In some areas, 
they are a transitional sequence between coarse 
clastic units at the base of the Chinle Formation and 
overlying clay-rich units. In other areas, sandstone 
units like the Moss Back Member intervene between 
the transitional strata and clay-rich units. 

The geographically separate units above the 
Shinarump and related members are ( 1) the Monitor 
Butte Member in southeastern Utah and the adjacent 
Arizona part of the Monument Valley area, (2) a 
lower red member in northwestern Arizona and the 
central part of western New Mexico, ( 3) the Mesa 
Redondo Member in east-central Arizona, ( 4) a 
sandstone and mudstone member in north-central 
Arizona, and ( 5) the Salitral Shale Tongue in north
central New Mexico. The different names reflect to 
some extent lithologic differences between the 
members. 

MONITOR BUTTE MEMBER 

The name Monitor Butte Member was first used 
by Kiersch (1956), Witkind (1956, pl. 6), and 
Stewart ( 1957). The type section is on Monitor 
Butte just south of the San Juan River in south-

eastern Utah and has been described by Witkind and 
Thaden (1963, p. 26-28). These strata were part of 
Division D of Gregory (1917). 

The Monitor Butte Member occurs throughout 
most of southeastern Utah and in the adjacent 
Arizona part of the Monument Valley area (pl. 4; 
fig. 10). It reaches a northeastern limit along a 
northwest line passing directly north of the Elk 
Ridge area and through the southern part of the 
San Rafael Swell. The northeastern limit is irregular; 
locally outlying lenses of the member occur a short 
distance north of the main margin of the member. 
In the Clay Hills and Comb Ridge areas, the member 
cannot be separated, or can be separated only with 
uncertainty, from the overlying Petrified Forest 
Member. In other places also the member is difficult 
to separate from overlying strata, and recognition 
of the member throughout much of southeastern 
Utah is tentative. 

The member consists predominantly of greenish
gray bentonitic claystone and clayey fine-grained 
sandstone that weathers to form a "frothy" or 
"puffy" surfaced slope. The stratification in the 
claystone and clayey sandstone is obscure, but prob
ably both cross-stratified . and structureless parts 
occur. Flakes of carbonaceous material and well
preserved plant remains are common in the claystone 
and clayey sandstone. (See section "Paleontology 
and Age.") 

Interstratified with the claystone and clayey sand
stone are resistant ledge-forming sandstone lenses 
that are commonly 1 to 10 feet thick. The lenses con
stitute from 5 to 20 percent of the member in most 
places, but locally they are absent. The sandstone is 
characteristically very fine grained, micaceous, well 
cemented, ripple laminated, and platy splitting. 
Cross-stratified parts occur locally. A few of the 
sandstone lenses are conglomeratic and contain 
pebbles of limestone and siltstone and a very few 
pebbles of weathered chert. 

The sandstone lenses commonly are broken into 
large blocks that are orientated at various angles 
to the regional dip of the formation. The blocks 
range in size from a few tens of square feet to 
several thousands of square feet. They strike in 

· various directions and may be shallow dipping, 
steeply dipping, or vertical. The attitude of the 
blocks has no apparent pattern; blocks side by side 
may dip in opposite directions or strike at right 
angles to one· another. Commonly the blocks are 
warped and intricately folded (fig. 11), rarely into 
overturned folds. The tilted and folded blocks have 
been interpreted either as recent landslide blocks or 
as slump features developed during the deposition 
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FIGURE 10.- Correlation of the Chinle Formation northeastward across southeastern Utah. 

of the member. The latter interpretation is supported 
by the occurrence of flat-lying sandstone beds that 
were deposited across the truncated edges of under
lying steeply dipping blocks. In addition, much of 
the observed slumping occurs where recent land
slides cannot be definitely identified. 

The Monitor Butte Member in southeastern Utah 
and in the Monument Valley area, Arizona, ranges 
in thickness from 0 to about 255 feet (pl. 4). It 
thins from 200 feet in White Canyon to zero along 
a northwest line passing about 35 miles north of 

White Canyon. In the San Rafael Swell, it ranges 
in thickness from 0 to 100 feet. 

The contact between the Monitor Butte and Shi
narump Members is conformable and is placed at the 
change from the generally medi urn- to coarse-grained 
cross-stratified sandstone beds of the Shinarump to 
the ripple-laminated sandstone or structureless clay
stone of the Monitor Butte Member. The contact is 
well defined in some localities and transitional in 
others. Intertonguing between the Shinarump and 
Monitor Butte Members has been observed at many 
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places in southeastern Utah. Where the Monitor 
Butte Member directly overlies the Moenkopi Forma
tion, the contact is sharp and unconformable and is 
placed at the change from the reddish-brown mica
ceous, ripple-laminated siltstone beds of the Moenkopi 
to the greenish-gray bentonitic claystone or clayey 
sandstone and ripple-laminated sandstone beds of 
the Monitor Butte. Locally the Monitor Butte Mem-

l ber overlies mottled strataat the base of the Chinle. 
In the northern part of the Monument Valley area 

and in the Circle · Cliffs · area, the contact of the 
Monitor Butte and Shinarump Members is locally an 
erosion surface (fig. 7). Greenish-gray silty clay
stone, siltstone, and clayey sandstone of the Monitor 
Butte Member fill channe~s cut into the underlying 
Shinarump Member. These channels are commonly 
several hundred feet across and 30 to 40 feet deep. 

The lower red member of the Chinle Formation in 
the Defiance uplift and adjacent areas in Arizona 
and New Mexico is considered to be the lateral con
tinuation of the Monitor Butte Member. Both units 
occur above the Shinarump Member and below the 
Petrified Forest Member and are of similar thick
ness. In addition, both are composed of alternating 
layers of ledge-forming sandstone and slope-forming 
siltstone and claystone. The sandstone in both mem
bers is commonly ripple laminated and contorted. 
The lower red member, however, is predominantly 
reddish brown, whereas the Monitor Butte Member 
is predominantly greenish gray. 

LOWER RED MEMBER 

The lower red member in northeastern Arizona 
and western New Mexico was first described by 
Gregory (1917), who referred to it as Division D 
of the Chinle Formation. Akers, Cooley, and 
Repenning (1958) have used the term "lower red 
member" for this unit, and their nomenclature is 
adopted here. Gregory's terminology is unacceptable 
now because his A, B, and C divisions, of which 
Division D was a continuation, have since been given 
formal member names. 

The lower red member is essentially a sandy unit 
lying between the Shinarump Member below and the 
Petrified Forest Member above. In -places, it is a 
transitional sequence between the Shinarump and 
Petrified Forest Members. 

The lower red member extends throughout the 
Defiance uplift and, according to Cooley (1957), as 
a thin unit westward as far as Holbrook (pl. 4). To 
the east, the unit extends into the Zuni uplift, but 
there the unit is difficult to distinguish from the 
overlying Petrified Forest Member. 

The lower red member consists of ledge-forming 
sandstone units ranging in thickness between 10 
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FIGURE 11.- Contorted strata in Monitor Butte Member of 
Chinle Formation in Capitol Reef area, Utah. About 20 feet 
of vertical outcrop shown. 

and 40 feet, slope-forming mudstone and siltstone 
units ranging in thickness between 20 and 75 feet 
(Cooley, 1959; Repenning and others, 1969), and 
minor amounts of limestone pebble conglomerate. 
The sandstone, according to Cooley (1959), ranges 
from pale red purple to brownish gray or light olive 
gray and is very fine to fine grained. It is either 
horizontally laminated, ripple laminated, or cross 
stratified. Quartz and jasper pebbles are present in 
sandstone in the lower part of the member (Cooley, 
1957). The sandstone occurs as discontinuous lentic
ular beds complexly intertonguing with the mud
stone and siltstone units. 

The mudstone and siltstone units are color banded 
in various shades and hues of red, purple, green, and 
gray; grayish red is predominant. The units contain 
swelling bentonitic clay that weathers to a frothy
surfaced slope. The mudstone and siltstone units are 
composed of lenses or horizontal beds ranging in 
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thickness from one-half foot to 30 feet (Cooley, 
1957). 

Large primary slump features are characteristic 
of the member, as they are also of the laterally con.:. 
tinuous Monitor Butte Member. In places, these 
features can be confused with tectonic structures, 
but in detail the structures can be shown to be 
truncated and overlain by higher units in the Chinle 
Formation (Cooley, 1957; Repenning and others, 
1969). Anticlinal and synclinal structures caused by 
slumpage can be seen in places, and locally the strata 
are highly contorted into overturned, chaotic struc
tures. Slumpage features range in size from small 
contortions a few feet across to broad folds about a 
fourth of a mile long. 

The lower red member generally ranges in thick
ness from about 100 feet to about 300 feet (pl. 4). 
The variation in thickness is mainly related to inter
tonguing between the lower red member and the 
overlying Petrified Forest Member. 

The lower red member rests on the Shinarump 
Member or, where that member is absent, on the 
Moenkopi Formation. The contact is placed at the 
change from cross-stratified sandstone of the Shi
narump Member below to mudstone and siltstone of 
the lower red member above. The two members 
intertongue and intergrade, and locally the contact 
is transitional over several tens of feet. Where the 
Shinarump Member is absent, the contact of the 
lower red member and the Moenkopi Formation 
marks an abrupt change from red siltstone and sand
stone of the Moenkopi to brightly colored mudstone 
and sandstone of the lower red member. 

The contact between the lower red member and the 
overlying Petrified Forest Member is placed at the 
top of the highest ledge-forming sandstone unit. 
Because the sandstone units in the lower red mem
ber are lenticular, the position of the contact differs 
from place to place, depending on the position of the 
highest sandstone. 

The lower red member, as mentioned in the fore
going section, is considered to be the lateral con
tinuation of the Monitor Butte Member of south
eastern Utah and the Arizona part of the Monument 
Valley area. 

To the west, near Holbrook, the lower red member 
grades into the Petrified Forest Member. South of 
Holbrook and near Lupton, Ariz., and Zuni, N.Mex., 
the lower red member grades laterally southward 
into the Mesa Redondo Member. 

MESA REDONDO MEMBER 

The Mesa Redondo Member was named by Cooley 
(1958) for exposures at the base of Mesa Redondo, 
40 miles southeast of Holbrook in east-central 

Arizona (pl. 1). The type section was measured near 
Hunt, 15 miles northeast of the mesa. 

The Mesa Redondo Member. is present in a· rela
tively small part of east-central Ar~zona and western 
New Mexico (pl. 4) . It is composed of siltstone and 
silty claystone and interstratified lenses of sandstone. 
The siltstone and ·silty claystone is grayish red and 
grayish red purple and differs from most fine
textured rocks in the lower part of the Chinle in that, 
except for a few thin layers, it does not contain 
claystone that swells noticeably on contact with 
water. The sandstone in the Mesa Redondo Member 
is grayish red, medium to coarse grained, and silty 
and clayey. It is composed of thin trough sets of 
medi urn-scale cross-laminae and contains conglom
erate layers composed of granules to cobbles of 
limestone, chert, jasper, and quartz (Cooley, 1958). 
Silicified logs as large as 3 feet in diameter and 40 
feet long occur locally in the basal part of the mem
ber (Cooley, 1958). 

The Mesa Redondo Member is 84 feet thick in a 
section measured by the writers near St. Johns (loc. 
A-9) ; Cooley (1958) reported a thickness of 159 
feet near this locality. The member generally is 
about 100 feet thick (pl. 4). 

The Mesa Redondo Member overlies the Shinar
ump Member, or the Moenkopi Formation where the 
Shinarump is absent. The contact between the Shi
narump and Mesa Redondo Members is placed at the 
change from sandstone and conglomerate below to 
siltstone or silty claystone above. Where the Mesa 
Redondo l\'lember rests directly on the Moenkopi 
Formation, however, the contact is difficult to locate; 
both units are composed dominantly of reddish 
siltstone. The Mesa Redondo Member, however, 
locally contains silicified logs and thin light-colored 
layers that contain swelling clays, whereas the 
Moenkopi Formation does not. 

The contact between the Mesa Redondo Member 
and the overlying Petrified Forest Member is placed 
at the change from red siltstone and clayey siltstone 
of the Mesa Redondo Mern ber to the variegated 
bentonitic claystone, siltstone, and clayey sandstone 
of the Petrified Forest Member. The contact can be 
seen at a distance as a distinct color change from 
red below to green, red, and purple above. In some 
places the contact between the two members is sharp, 
but in other places it is gradational through about 
50 feet of beds (Cooley, 1958). 

To the west, the Mesa Redondo Member grades 
laterally into the Petrified Forest Member. To the 
north, it grades laterally into the lower part of the 
lower red member (Repenning and others, 1969; fig. 
5). 
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SANDSTONE AND MUDSTONE MEMBER 

A unit of sandstone and mudstone is recognized in 
north-central Arizona (pl. 4). It overlies the Shi
narump Member or, where the Shinarump is absent, 
the Moenkopi Formation and underlies the Petrified 
Forest Member. These strata were referred to as a 
sandstone .and mudstone unit of the Chinle Forma
tion by Phoenix (1963, p. 20-21) at Lees Ferry, 
and his informal term is used here with the modifica
tion that the unit is considered a member. A member 
status is appropriate because the unit is fairly wide
spread and is lithologically distinct from other mem
bers in the formation. The strata that comprise the 
sandstone and mudstone member had been included 

by Wanek and Stephens (1953) and Akers, Cooley, 
and Repenning (1958) in the Shinarump Member, al
though Phoenix (1963) mapped them as as overlying 
the Shinarump and underlying the Petrified Forest 
Member. 

The sandstone and mudstone member, where it is 
well defined, is restricted to outcrops extending from 
House Rock Valley, about 25 miles west of Lees 
Ferry, to about 15 miles south-southeast of Cameron 
(pl. 4; fig. 12). Strata questionably correlative with 
the member occur 1 mile north of Joseph City (75 
miles southeast of Cameron) and near Owl Rock (loc. 
A-13) in Monument Valley (90 miles northeast of 
Cameron). At the locality near Joseph City, the 
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FIGURE 12. -·Correlation of Chinle Formation in north-central Arizona and south-central Utah. 
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unit is 25 feet thick and consists of sandstone and 
conglomerate lying at the base of the Chinle Forma
tion and overlain by the Petrified Forest Member. 
Near Owl Rock, the strata consist of 41 feet of 
sandstone and siltstone overlying the Shinarump 
Member, and at this locality the strata have been 
included in the Monitor Butte Member as it is defined 
by mapping there (Witkind and Thaden, 1963). 

The sandstone and mudstone member is composed 
of complexly interfingering units of sandstone and 
mudstone. The sandstone, which is yellowish gray, 
grayish red, pale red purple, and locally light green
ish gray, contains abundant interstitial white silt 
and clay (commonly 20 percent) and is fine to coarse 
grained. It is composed of milky and clear quartz 
and probably some feldspar. Green, yellow, and gray 
chert ( ?) grains are characteristic of the sandstone 
and locally make up as much as about 30 percent of 
the rock. Thin to thick plana:r-and-trough sets of 
low-angle small- to medium-scale cross-strata are 
the dominant type of stratification. Horizontally 
laminated parts are locally common. 

The sandstone in most places contains either dis
seminated granules, pebbles, and cobbles or lenses 
of conglomeratic sandstone or conglomerate. The 
granules, pebbles, and cobbles are predominantly of 
quartzite, but some are of quartz or chert. A few 
pebbles of volcanic rock are present in most areas ; 
this type of pebble is much more common than in 
most members of the Chinle Formation. 

The mudstone, including some siltstone, is grayish 
red, grayish purple, and light greenish gray and is 
structureless. The mudstone units weather to form 
slopes; the sandstone units form ledges and, in some 
areas, broad benches. 

The sandstone and mudstone member gradually 
increases in thickness northward (fig. 12). About 15 
miles southeast of Cameron (fig. 12, loc. I), the 
member consists of a single sandstone unit 41 feet 
thick.. Farther north, it is commonly over 200 feet 
thick. 

The sandstone and mudstone member overlies the 
Shinarump Member in the Lees Ferry and Cameron 
areas; elsewhere, the Shinarump Member is absent, 
and the sandstone and mudstone member overlies the 
Moenkopi Formation. The contact between the 
Moenkopi Formation and the sandstone and mud
stone member is sharp and easily recognized at the 
change from red siltstone below to the light-colored 
sandstone above. The contact between the Shinarump 
Member and the sandstone and mudstone member is 
sharp in detail but difficult to locate. Perhaps the 
most distinctive difference between the two members 
is the abundance of mudstone lenses in the sandstone 

and mudstone member and the rarity or absence of 
these lenses in the Shinarump. In addition, the sand
stone in the sandstone and mudstone member is 
yellowish gray, grayish red, and pale red purple and 
contains abundant interstitial silt or clay and common 
amounts of green, yellow, and gray chert ( ?) grains. 
The sandstone in the Shinarump Member, on the 
other hand, is predominantly yellowish gray and 
contains little interstitial silt or clay and few, if 
any, grains of green, yellow, and gray chert ( ?) . 
Conglomerate lenses in the sandstone and mudstone 
member contain abundant quartzite and rare quartz 
pebbles; conversely, in the Shinarump Member, 
quartzite pebbles are relatively rare and quartz 
common. Granules and pebbles of volcanic rocks are 
common in the sandstone and mudstone member, and 
rare or absent in the Shinarump Member. 

SALITRAL SHALE TONGUE 

The Salitral Shale Tongue was named by Wood 
and Northrop (1946) for exposures 3 miles west of 
Coyote and 75 miles north of Albuquerque in north
central New Mexico. The tongue separates the Agua 
Zarca Sandstone Member and the Poleo Sandstone 
Lentil and cannot be differentiated from the over
lying part of the Chinle Formation where the Poleo 
Sandstone Lentil is absent. 

The Salitral Shale Tongue is present in the San 
Pedro Mountain area and in part of the Rio Chama 
area (pl. 4). It is absent near Abiquiu, where the 
Poleo Sandstone Lentil rests directly on the Agua 
Zarca Sandstone Member (fig. 8). The member is 
apparently absent 13 miles north of Gallina (Look
ingbill, 1953), where the basal unit of the Chinle 
Formation is an 82-foot-thick sandstone and con
glomerate layer probably correlative mostly or en
tirely with Poleo Sandstone Lentil. It is recognized 
as far south as Senorito Canyon. 

The Salitral Shale Tongue is composed pre
dominantly of grayish-red, pale-reddish-brown, 
pale-purple, and light-greenish-gray bentonitic struc
tureless silty claystone and siltstone. Locally the 
tongue contains lenses of very fine to coarse-grained 
sandstone. In general, the tongue is lithologically 
similar to the Petrified Forest Member. It weathers 
to form a slope, or, in areas where the strata dip 
steeply, a valley. 

The Salitral Shale Tongue ranges in thickness 
from 0 to at least 100 feet (pl. 4). Its lower contact 
is placed at the change from sandstone and con
glomerate of the Agua Zarca Sandstone Me1nber 
below to silty claystone and siltstone of the Salitral 
above. The upper contact is placed at the change 
from the fine-textured strata of the Salitral Shale 
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Tongue to the coarse-textured strata of the Poleo 
Sandstone Lentil. 

Correlation of the Salitral Shale Tongue with any 
other unit on the Colorado Plateau is uncertain. The 
Salitral occupies roughly the same stratigraphic 
position as the lower red member, but the lower red 
is characterized by the presence of ledge-forming 
sandstone layers, which are rare in the Salitral. 

MOSS BACK AND RELATED MEMBERS 

The Moss Back Member in southeastern Utah and 
adjacent Colorado, the lower member of the Dolores 
Formation in southwestern Colorado, and the Poleo 
Sandstone Lentil in north-central New Mexico are 
all thin widespread ledge-forming sandstone and 
conglomerate units that may be, at least in part, 
correlative. These units represent a significantly 
younger depositional event than the lithologically 
similar Shinarump and related members. Along its 
southern margin, the Moss Back Member lies more 
than 200 feet above the Shinarump M;ember. The 
Poleo along its southernmost outcrops lies at a com
parable distance above an unnamed sandstone mem
ber that occupies the same stratigraphic position 
as the Shinarump. The Moss Back Member over
laps the underlying part of the Chinle to the 
north and in parts of southeastern Utah is at the 
base of the formation. The lower member of the 
Dolores Formation, a member possibly correlative 
with the Moss Back, also lies at the base of the 
Upper Triassic sequence. 

MOSS BACK MEMBER 

The Moss Back Member was first described as the 
Moss Back sandstone unit by Stewart and Smith 
(1954, p. 29-32) and was later formally named for 
exposures in the White Canyon area in southeastern 
Utah by Stewart (1957, p. 453). It forms a north
west-trending lens extending from the White Can
yon, Elk Ridge, and Abajo Mountains areas on the 
southeast to beyond the San Rafael Swell on the 
northwest (fig. 13). It is locally absent within the 
main depositional area. 

The Moss Back Member is typically a yellowish
gray and very pale orange fine- to medium-grained 
well-sorted sandstone that weathers to form a cliff 
(fig. 14). The sandstone is composed of subrounded 
clear quartz and rare black accessory grains. The 
stratification is predominantly thin to thick trough 
and planar sets of medium-scale cross-strata, but 
horizontally stratified sets are common. Carbona
ceous material and silicified wood are abundant. 

Conglomerate and conglomeratic sandstone lenses 
are con1mon in the Moss Back Member. The con
glomerate lenses are of two types: those that contain 

pebbles of light-brown and gray siltstone and lime
stone, and those that contain pebbles of quartz, 
quartzite, and chert. Generally both types of con-· 
glomerate lenses are found in the same outcrop. In 
places the two pebble assemblages are mixed in the 
same lens, and in such places the limestone and 
siltstone pebbles are generally 15 to 20 times more 
abundant than the quartzose pebbles. 

A different facies of the Moss Back Member 
occurs in an area near the junction of the Green and 
Colorado Rivers. This facies is in a belt about 10 
miles wide along the northern limit of the member 
and is characterized by sandstone containing abun
dant interstitial green silt and clay and a few 
quartzose pebbles. Interstratified lenses of greenish
gray siltstone and claystone are common. 

Sandstone units lithologically similar to, though 
not identical with, the Moss Back Member occur in 
the Lisbon Valley area (fig. 15, locs. D and E) in 
easternmost Utah and near Egnar (fig. 15, loc. P) 

in westernmost Colorado. These units consist of 
greenish-gray to light-greenish-gray fine-grained 
ledge-forming sandstone that contains both hori
zontally laminated and cross-stratified layers. Lenses 
of limestone or siltstone pebble conglomerate and of 
greenish-gray siltstone are irregularly interstratified 
with the sandstone. The sandstone units i.n the 
Lisbon Valley and Egnar areas were originally con
sidered a finer grained facies of the Moss Back 
Member (Stewart, 1957), but further work indicates 
that the stratigraphic relationships may not be that 
simple. Strata lithologically similar to the Moss Back 
are now known to occur above that member in the 
area near the junction of the Green and Colorado 
Rivers; and in places, such as at Cane Spring Wash 
(fig. 15, loc. C), these higher sandstone layers are 
virtually inseparable from the Moss Back. The sand
stone units in the Lisbon Valley area and near Egnar 
could therefore be partly or entirely equivalent to 
these higher lenses instead of entirely to the Moss 
Back. 

In some areas, the Moss Back Member can be 
distinguished on the basis of grain size and pebble 
types from the Shinarump Member and other sand
stone units in the Chinle. The Moss Back is generally 
fine to medium grained, whereas the Shinarump is 
medium to coarse grained; the other sandstone units 
in the Chinle are generally very fine to fine grained. 
In addition, the Moss Back contains a different 
pebble assemblage than the Shinarump Member. In 
the Elk Ridge-White Canyon area, where both the 
Moss Back and Shinarump Members are present, the 
average ratios between pebbles of quartz, quartzite, 
and chert are 12:37:51 in the Moss Back and · 
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FIGURE 13.- Areal distribution and direction of sediment transport of the Moss Back Member and the 
Poleo Sandstone Lentil of the Chinle Formation and of the lower member of Dolores Formation. 

82:16:2 in the Shinarump (Albee, 1957). In ad
dition, the Moss Back Member commonly contains 
conglomeratic sandstone lenses containing pebbles 
of only siltstone and limestone; the Shinarump Mem
ber rarely contains this type of rock. Conglomerate 

beds in other parts of the Chinle Formation genera] ly 
contain few, if any, quartzose pebbles. 

The Moss Back Member averages about 60 feet in 
thickness but is as much as 150 feet thick where it 
fills channels. It is absent locally within its main 
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FIGURE 14. - Moss Back Member of Chinle Formation at Buckacre Point along Dirty Devil River, Utah. 1im, Moenkopi For
mation; "Reb, Monitor Butte Member of Chinle Formation; "Rem, Moss Back Member of Chinle Formation; 1ie, remainder 
of Chinle Formation; 1iw, Wingate Sandstone; 1ik, Kayenta Formation. Monitor Butte Member about 30 feet thick. 

area of deposition and is discontinuous near its 
northeastern limit. 

The lower contact .of the Moss Back Member is 
placed at the break between the channel-filling cross
stratified cliff-forming sandstone of the Moss Back 
Member and either the underlying siltstone and 
claystone of the Chinle Formation or, where the 
Moss Back is at the base of the Chinle, the siltstone 
of the underlying Moenkopi Formation. Locally, 
sandstone of the underlying Monitor Butte Member 
merges with that of the Moss Back Member, and the 
two members become virtually inseparable (Lewis 
and Campbell, 1965, p. B18-B19). 

The Moss Back Member becomes progressively 
closer to the base of the Chinle Formation north
eastward across southeastern Utah (fig. 10). Near 
the junction of the Green and Colorado Rivers, the 
member lies at the base of the Chinle Formation or 

is separated from the base by thin discontinuous 
mottled strata. 

LOWER MEMBER OF DOLORES FORMATION 

The Dolores Forma ~.ion in the southern part of the 
San Juan Mountains ~·egion is divided into three 
members, referred to informally as lower, middle, 
and upper. The lower member is a light-colored 
ledge-forming sandstone, whereas the upper two are 
slope-forming red-bed units. The middle and upper 
members are considered to correlate with the upper 
part of the Chinle Formation and are discussed under 
that section. 

The lower member has been recognized near 
Stoner, Durango, and Piedra River (figs. 13 and 15) 
and in some intervening areas. It also appears to be 
present in drill holes southwest of the area of out
crop. It is not present in outcrops near Placerville 
and Ouray and apparently grades out or pinches out 
northeastward in the San Juan Mountains region. 
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The lower member is composed of light-greenish
gray or greenish-gray very fine to fine-grained sand
stone and subordinate amounts of limestone con
glomerate. The sandstone contains much white and 
dark-green mica and flakes of carbonaceous material. 
Characteristically, it is horizontally laminated to 
very thin bedded and contains thin to thick trough 
and planar sets of small- to medium-scale, pre
dominantly low-angle, cross-laminae. The limestone 
conglomerate is composed of rounded very coarse 
grains to small pebbles of limestone or limy siltstone 
in a limy sand matrix. The limestone conglomerate 
locally contains chert pebbles as much as 2 inches in 

diameter and smaller pebbles or granules of feldspar, 
quartz, and possibly granite. In some areas it con
tains a few poorly preserved fragments of fossil 
bones and teeth. 

The thickness of the lower member in outcrops is 
90 feet at Stoner, 75 feet at Durango, 71 feet along 
the Florida River, and 20 to 30 feet along the Piedra 
River. In drill holes southwest of the outcrops, the 
member ranges in thickness from 80 to 160 feet. 

The basal contact of the member is marked by a 
change from reddish-brown and pale-red siltstone 
and arkosic sandstone of the Cutler Formation below 
to greenish-gray micaceous and carbonaceous sand-
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stone of the lower member above. Mottled strata 
locally occur at the top of the Cutler Formation 
directly below the lower member. 

Correlation of the lower member outside of the 
San Juan Mountains region is not certain. The basal 
sandstone units of the Chinle Formation in the 
Lisbon Valley and Egnar areas are lithologically 
similar to the lower member and are probably in 
part equivalent to it (fig. 15). 

POLEO SANDSTONE LENTIL 

The Poleo Sandstone Lentil of the Chinle Forma
tion in north-central New Mexico was originally 
named the "Poleo top sandstone" by Huene (1911). 
Darton (1922, 1928) called it the Poleo Sandstone 
and considered it a separate formation underlying 
his Chinle ( ?) Formation. In some places his Po leo 
Sandstone probably included strata now called the 
Agua Zarca Sandstone Member and the Salitral 
Shale Tongue. Wood and Northrop redefined the 
Poleo Sandstone in 1946 as a lentil in the Chinle 
Formation. 

The Poleo Sandstone Lentil is exposed in out
crops throughout the Rio Chama, Gallina, and San 
Pedro Mountain areas of north-central New Mexico 
(figs. 8 and 13). It probably includes most of the 
82-foot-thick unit of sandstone and conglomerate 
at the base of the Chinle Formation, described by 
Lookingbill (1953), at a locality 13 miles north of 
Gallina. The Poleo Sandstone Lentil is well defined 
at Senorito Canyon (fig. 8, loc. D) and wedges out 
south of there in the Petrified Forest Member. 

This lentil is a cliff-forming unit of sandstone and 
associated conglomerate, silty claystone, siltstone, 
and sandy siltstone. The sandstone is yellowish gray 
and fine to medium grained. It is horizontally lami
nated or composed of thin to thick trough and 
possibly planar sets of small- to medium-scale low
and high-angle cross-strata. In many places the 
sandstone appears structureless, but in these places 
stratification may be obscured. It is locally marked 
by cuspate ripple marks. The conglomerate, which 
is dark yellowish orange to very pale orange, forms 
lenses from a few feet to at least 13 feet thick inter
stratified with the sandstone. The conglomerate 
consists mainly of granules and pebbles of quartz, 
quartzite, and chert but contains a few of limestone 
or siltstone. At some localities, conglomerate occurs 
only as a few thin lenses; at other localities, it con
stitutes from 15 to 20 percent of the lentil. 

The Agua Zarca Sandstone Member and Poleo 
Sandstone Lentil are lithologically similar but not 
identical. Both are cliff-forming units consisting of 
cross-stratified sandstone and conglomerate, and rock 

types present in one unit are usually duplicated in 
the other, but each has some distinguishing lithologic 
characteristics. In most areas the Agua Zarca is a 
mixture of red, purple, gray, yellow, and white rocks, 
whereas the Poleo is mostly yellowish gray. At 
Senorito Canyon, however, both units are yellowish 
gray. The Agua Zarca is mostly coarse to very coarse 
grained, though in part very fine· to medi urn grained, 
whereas the Poleo is all fine to medium grained. The 
conglomerates in the two units also differ. Those of 
the Agua Zarca contain abundant pebbles and 
cobbles of very coarse grained quartzite and some of 
quartzitic conglomerate. No pebbles of these kinds 
were observed in the Poleo conglomerates, which are 
characterized by granules and pebbles of red and 
orange chert. These chert pebbles are also present 
in the Agua Zarca locally, but not abundantly. 

The thickness of the Poleo Sandstone Lentil is 86 
feet at Senorito Canyon (loc. NM-14), 125 feet at 
Gallina (loc. NM-8), 51 feet at Coyote (loc. NM-7), 
and 162 feet near Abiquiu (loc. NM-6). The thick
ness varies markedly in some places, p.artly because 
the Poleo fills channels cut into the underlying unit 
and partly because it intertongues extensively with 
the overlying unit. 

The lower and upper contacts of the Poleo Sand
stone Lentil are generally so placed as to separate 
the sandstone and conglomerate of the lentil from 
the claystone and siltstone of the underlying and 
overlying units. The bottom contact is .a surface of 
erosion, along which small scours can be noted in 
places. Sandstone in the upper part of the Poleo 
Sandstone Lentil intertongues irregularly with the 
overlying Petrified Forest Member. 

The Poleo Sandstone Lentil is not known to be 
physically continuous with any other sandstone unit 
in the Chinle Formation. The Poleo Sandstone Mem
ber may correlate with the lower member of the 
Dolores Formation in the southern part of the San 
Juan Mountains, which in turn may be continuous, 
at least in part, with the Moss Back Member in 
southeastern Utah, but these correlations are un
certain because of gaps in outcrops and limited 
drill-hole information. 

PETRIFIED FOREST MEMBER AND OCHER SILTSTONE 
MEMBER 

The Petrified Forest Member. is a thick widespread 
unit composed predominantly of variegated clay
stone and clayey sandstone. It extends throughout 
most of the southern part of the Colorado Plateau 
and typifies the lower part of the Chinle Formation. 
Much of the claystone in the unit is believed to have 
been formed by alteration of volcanic debris. The 
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ocher siltstone member, which occurs only in the 
northernmost part of the plateau region where the 
Petrified Forest Member is absent, probably also 
contains some volcanic debris. 

PETRIFIED FOREST MEMBER 

The Petrified Forest Member was named by 
Gregory (1950, p. 67) after Petrified Forest Na
tional Park in eastern Arizona, though he regarded 
it as being most typically exposed in the Zion Park 
region in southwestern Utah. The name was first 
used by Maxey (1946, p. 337) and was defined by 
Gregory (in Gregory and Williams, 1947, p. 233; 
Gregory, 1950, p. 67). The name has been widely 
applied in southern Nevada (Wilson and Stewart, 
1967), northern Arizona (Repenning and others, 
1969), northwestern New Mexico (Repenning and 
others, 1969; Colbert and Gregory, in Reeside and 
others, 1957, table 2), and southern Utah (Gregory, 
1950; Stewart, 1957). The wide use of the name 
seems justified, for the unit is one of the most 
distinctive in the entire Triassic sequence on the 
Colorado Plateau. 

The Petrified Forest Member is present through
out the southern part of the Colorado Plateau (pis. 2 
and 4) and extends westward into southern Nevada. 
It is present in the most southerly outcrops of the 
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FIGURE 16.- Histogram showing percentage of main color 
groups in Petrified Forest Member of Chinle Formation at 
the Rockville stratigraphic section (loc. U-46), Utah. 

Actual colors occurring in measured section (colors in parentheses occur in 
minor amounts) : 

G Light greenish gray. 
GY Light greenish gray, greenish gray (grayish yellow green, dark 

greenish gray). 
N Medium gray to white. . 
Y Yellowish gray, dusky yellow, moderate yellow (medium bluish gray). 

YR Pale brown, pinkish gray (dark yellowish orange, light brownish 
gray). 

R Grayish red, pale red (grayish pink). 
RP Grayish red purple, pale red purple (very dusky red purple). 

P Grayish purple, pale purple. 
Color names and hues as listed in "Rock-Color Chart" Goddard and others 
(1948). 

Chinle Formation and is probably equivalent to part 
of the Dockum Group in eastern New Mexico. It is 
more than 1,000 feet thick in much of east-central 
Arizona and most of west-central New Mexico (pl. 
4). Toward the north it thins and grades out into 
other members of the Chinle Formation, reaching 
a poorly defined northeastern limit in southeastern 
Utah, southwesternmost Colorado, and northernmost 
New Mexico. 

One of the most characteristic features of the 
Petrified Forest Member is its bright, varied color
ing. Its rocks are mostly red or green, but some are 
tinted in shades of purple, blue, orange, yellow, or 
gray. The variety of color is shown in figure 16, 
which is a histogran1 of the percentages of various 
hues (based on "Rock Color Chart," Goddard and 
others, 1948) occurring in a measured section of the 
Petrified Forest Member near Rockville (loc. U-46), 
near Zion National Park, in southwestern Utah. 

The Petrified Forest Member is composed of three 
interfingering lithologic types: ( 1) structureless 
nonresistant claystone or clayey siltstone, (2) cross
stratified nonresistant clayey sandstone, and (3) 
cross-stratified ledge-forming sandstone that is locally 
conglomeratic. The first two types are about equally 
abundant, and together they constitute the greater 
part of the member. Rocks of the third type nowhere 
constitute more than 20 percent of the ~ember, and 
they are absent in large parts of the Colorado 
Plateau. 

The claystone and clayey siltstone (type 1) are 
structureless or indistinctly bedded in layers from 
less than a foot to over 10 feet in thickness (fig. 17). 
They commonly enclose irregular nodules of lime
stone, generally 1 to 2 inches in diameter, which may 
either be concentrated in sheets or be scattered 
irregularly throughout horizontal layers from less 
than a foot to several feet in thickness. The clay is 
rich in montmorillonite (Schultz, 1963, p. C37), and 
it expands readily on contact with water, so that the 
clayey strata weather with a frothy or "popcorn" 
surface (fig. 18). These montmorillonite-rich rocks 
are considered to have been derived from the altera
tion of volcanic material (Schultz, 1963, p. C37). 

The clayey sandstone (type 2) is characteristically 
cross stratified (fig. 19) ; the cross-strata occur in 
shallow trough sets and generally dip about 5° to 
10° -at a lower angle than most of those in the 
Shinarump Member and similar units. The clayey 
sandstone is generally fine to medi urn grained and 
composed of grains of quartz, volcanic rock, and a 
minor proportion of potassi urn feldspar and plagio
clase, in a matrix of montmorillonitic clay (Cadigan, 
1957b, 1959a, 1959b; Schultz, 1963, p. C37). Layers 
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FIGURE 17.- Horizontally stratified claystone in Petrified Fore3t Member of Chinle Formation near abandoned town of Paria, 
Utah. Cliffs in background are in units of the Glen Canyon Group. 

of clayey sandstone from less than a foot to several 
hundred feet in thickness are interstratified with 
layers of claystone or clayey siltstone that have a 
comparable range in thickness. 

The third lithologic type in the Petrified Forest 
Member, the cross-stratified ledge-forming sandstone 
and conglomerate, is most conspicuously exposed in 
the Sonsela Sandstone Bed (Akers and others, 1958, 
p. 93). 

The Sonsela Sandstone Bed extends throughout an 
area of 24,000 square miles in northeastern Arizona 
and northwestern New Mexico (fig. 20). It is 
generally 30 to 40 feet thick but is locally over 100 
feet thick. In most places it lies about 300 feet above 
the base of the Petrified Forest Member and 800 feet 
below the top. It is composed of white, very pale 
orange, or yellowish-gray fine- to coarse-grained 
cross-stratified sandstone and conglomerate with 
planar and trough crossbedding. Conglomerate layers 
occur throughout the unit but are most abundant near 
the base. They consist mainly of granules, pebbles, 

and cobbles of chert but contain some pebbles of 
quartz, quartzite, limestone, and siltstone. Pebbles 
of volcanic rock, probably mostly vitric and crystal 
tuffs and vitrophyres, are locally present, but they 
generally constitute less than 4 percent of the gravel 
fragments. The Sonsela commonly contains a few 
bentonitic siltstone and claystone layers from less 
than a foot to over 20 feet thick interstratified with 
the sandstone and conglomerate. 

Other ledge-forming sandstone units, similar to 
the Sonsela Sandstone Bed, occur in the Petrified 
Forest Member both above and below the Sonsela 
(Cooley, 1959, p. 71). These are most numerous in 
the Petrified Forest National Park, in east-central 
Arizona. In one of the sandstone units near the 
boundary of the park, 66 percent of the gravel 
fragments are of volcanic rocks. (See section on 
"Conglomerate Studies.") In southeastern Utah, a 
prominent sandstone bed, referred to informally as 
the Capitol Reef bed (Stewart and others, 1959, p. 
516), occurs in the member in the Capitol Reef area 
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FIGURE 18.- Frothy weathering surface developed on clay
stone in Petrified Forest Member of Chinle Formation near 
Joseph City, Ariz. 

and the northern part of the Circle Cliffs area (fig. 
2, locs. B, C, and D). In west-central New Mexico, at 
the Correo section (NM-19), a prominent ledge
forming layer of sandstone and conglomerate occurs 
near the top of the Chinle Formation on the south 
side of Mesa Gigante (fig. 5, loc. C). This layer was 
named the Correo Sandstone Member of the Chinle 
Formation by Kelley and Wood (1946), but it is 
both overlain and underlain by strata lithologically 
similar to those common in the Petrified Forest 
Member. For this reason, the Correo is hereby 
redefined as a bed within the Petrified Forest Mem
ber. The only known outcrop of the Correo Sandstone 
Bed is along the south side of Mesa Gigante. 

OCHER SILTSTONE MEMBER 

The informal name "ocher siltstone member" has 
been assigned (Poole and Stewart, 1964, p. D36) to a 
unit present throughout the Uinta Mountains of 
northeastern Utah and northwestern Colorado (fig. 
3) . This unit is included under the same heading as 
the Petrified Forest Member largely because both 
members contain fine-textured rocks rich in mont
morillonitic clay that is interpreted as having been 
derived from volcanic debris (Schultz, 1963, p. C37). 
The ocher siltstone member, however, appears to 
have been deposited in a separate basin from the 

main part of the Chinle Formation to the south in 
the Colorado Plateau. 

The member consists of structureless ocher-colored 
and reddish siltstone and clayey siltstone and minor 
amounts of silty claystone. The siltstone and 
claystone commonly contain spherulites, carbonate 
nodules, and secondary gypsum veinlets. Many 
spherulites and nodules contain analcite (Keller, 
1953), and much of the clay in the unit is mont
morillonit~c (Schultz, 1963, p. C37-C38). The ocher 
color probably is due to goethite (L. G. Schultz, 
written commun., 1958). 

The thickness of the member increases from east 
to west in the Uinta Mountains and is about 200 feet 
in the western part of these mountains. 

The ocher siltstone member is lithologically 
identical with part of the Popo Agie Member of the 
Chugwater Formation in the Lander area, Wyoming, 
as was indicated originally by Keller (1953). South 
and east from the Uinta Mountains the ocher silt
stone member apparently wedges out. 

UPPER (RED·BEDS) PART OF CHINLE FORMATION 

The upper part of the Chinle Formation and 
related strata consist of reddish-brown coarse silt
stone and minor amounts of limestone, sandstone, 
and limestone pebble conglomerate. These strata 
extend throughout northeastern Arizona, southeast
ern Utah, western Colorado, and parts of north
western New Mexico (pl. 5). They are more than 
1,000 feet thick in a part of west-central Colorado 
and in southwesternmost Colorado and thin fairly 
rapidly away from these areas. The upper part of 
the Chinle Formation is divided into two members; 
these are, in ascending order, (1) the Owl Rock 
Member, and (2) the Church Rock Member and 
related units. 

OWL ROCK MEMBER 

The name Owl Rock Member was first used by 
Kiersch (1956, p. 4), Witkind (1956, pl. 6), and 
Stewart (1957) ; the type section in the Monument 
Valley area of Arizona was described by Witkind and 
Thaden (1963, p. 30-32). The Owl Rock occurs in an 
elliptical area (pl. 5) embracing most of northeast
ern Arizona and southeastern Utah and small adjacent 
parts of New Mexico and Colorado. It inter
tongues and intergrades extensively with overlying 
and underlying members of the Chinle Formation, 
and in many areas its margin is marked by lateral 
gradation of the member into other units of the 
Chinle Formation (pl. 2). 

The Owl Rock Member typically is composed of 
pale-red and pale-reddish-brown coarse siltstone 
interstratified with pale-red and light-greenish-gray 
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FIGURE 19.-Shallow trough sets of low-angle cross-strata in Petrified Forest Member of Chinle Formation near Cameron, Ariz. 

limestone beds that form about 5 to 10 percent of 
the member (fig. 21). The siltstone is indistinctly 
bedded in layers from less than a foot to over 10 
feet thick. The lithologic character of the siltstone in 
the member changes regionally from purplish pale
red fine-grained siltstone in the southern part of the 
Colorado Plateau region to largely reddish-brown 
coarse-grained siltstone in the northern part. This 
change is most noticeable northward along Comb 
Ridge between the San Juan River and Elk Ridge in 
southeastern Utah. 

The limestone in the Owl Rock Member occurs as 
horizontal beds that average 1 foot in thickness. In 
some places, the limestone beds appear to have 
formed by the growth and coalescence of limestone 
nodules; all gradations can be seen from layers con
taining a few scattered limestone nodules to layers 
containing a tight coalescing mass of nodules. Some 
of the limestone beds, particularly those in the lower 
part of the member, contain reddish-orange or gray 
chert in highly irregular masses which are generally 
less than 2 inches across. Some of the chert occurs 
as irregular stringers in the rock. 

The Owl Rock Member also locally contains beds of 
horizontally laminated and ripple-laminated siltstone 
and sandstone, cross-stratified sandstone, and lime
stone and siltstone pebble conglomerate. The mem-

ber is a moderately resistant unit that weathers to 
form escarpments. 'I'.he limestone beds weather to 
form ledges. 

In the Horse Mesa Creek area (loc. A-4), about 
15 miles northeast of the Lukachukai Mountains in 
northeastern Arizona, the Owl Rock Member con
tains layers of sandstone, sandy siltstone, and con
glomerate. Pale-reddish-brown, pale-purple, and 
yellowish-gray very fine grained cross-stratified or 
horizontally laminated sandstone grades to sandy 
siltstone. The conglomerate occurs as irregular lenses 
in the sandstone and contains granules, pebbles, and 
cobbles of siltstone and minor amounts of limestone. 
The sandstone, sandy siltstone, and conglomerate are 
similar to rock types that occur in the lower and 
middle members of the Dolores Formation in the 
San Juan Mountains area in southwestern Colorado 
and could be partly correlative with these strata (pl. 
2, locs. 16, 34). 

The Owl Rock Member ranges in thickness from 0 
to perhaps as much as 500 feet (pl. 5). 

The contacts of the Owl Rock Member are poorly 
defined in most areas. The authors have placed the 
lower contact at the change from bentonitic clay
stone and clayey sandstone of the Petrified Forest 
Member below to the mainly nonbentonitic, or at 
least less bentonitic, reddish-brown siltstone of the 
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FIGURE 20. - Areal distribution and direction of sediment 
transport of Sonsela Sandstone Bed of Chinle Formation. 

Owl Rock Member above. In places, this contact is 
at the base of the lowest limestone in the Owl Rock 
Member, but in other places it is several tens of 
feet or even as much as 200 feet below the lowest 
limestone. It is placed at the change from strata 
below that weather to badlands with frothy or 
puffy surfaces to strata above that weather to 
generally smooth slopes covered by a thin loose 
veneer of small angular fragments. In the field, the 
contact is located in detail by testing rock samples 
with water (or saliva) to determine their swelling 
properties. A drop of water on rocks containing 
swelling clays (and thus probably montmorillonitic 
and bentonitic clays) produces a raised chalky light
coloTed spot. The contact is placed at the change 
from rocks that swell in such a manner to rocks that 
do not. In some areas, however, some bentonitic 
layers also occur within the Owl Rock Member, 
particularly in the southern part of the Colorado 
Plateau, and in these areas the contact is transitional 
over 100 feet or more. 

Detailed study of clays in the Chinle Formation 
does not entirely substantiate our basis for locating 
the contact. The clays in the Chinle Formation do not 

show an abrupt change in clay types; instead, they 
show a gradual one from montmorillonitic types in 
the lower part to less montmorillonitic types in the 
upper part (Schultz, 1963, pl. 3). Locally, in both the 
upper and lower parts of the formation, rocks rich 
in montmorillonite are interstratified with rocks less 
rich in that component. Nonetheless, strata that con
tain montmorillonite, rather than mixed layer mont
morillonite, are almost entirely in the lower part of 
the Chinle Formation. In part at least, the swelling 
properties of the rocks, which are the basis on which 
we locate the contact, may be related to factors other 
than the type of clay; the amount and type· of 
cementation, for example, may partly influence the 
swelling properties of the rocks. 

Our definition of the lower contact of the Owl 
Rock Member is somewhat different from that of 
other geologists, who generally place the contact at 
the base of the lowest limestone. We found that the 
change from bentonitic to less bentonitic strata in 
the Chinle Formation appeared to be at a more 
consistent stratigraphic position from section to 
section than the base of the lowest limestone. 
In addition, the change in bentonitic character 
of the strata, although gradual, appeared to be a 
more fundamental lithologic change in the formation 
than the position of the lowest limestone. Because we 
place the contact lower, our thicknesses of the Owl 
Rock Member are commonly larger than those of 
other geologists. 

The upper contact of the Owl Rock Member is in 
most areas placed at the top of the highest lime
stone bed. Locally, the contact is placed a few feet 
or a few tens of feet above the highest limestone, 
where a more significant change in lithology appears 
to mark a higher contact. In northernmost Arizona 
and in some parts of southeastern Utah, the contact 
chosen is at a slight color change from purplish-pale
red strata below to reddish-brown siltstone above; 
the highest limestone is commonly at the color 
change, but in places some purplish siltstone occurs 
above the limestone, and here the contact is placed 
at the color change rather than at the limestone. 

CHURCH ROCK MEMBER AND RELATED UNITS 

The Church Rock Member and related units, which 
are widely distributed on the Colorado Plateau (pl. 
5), consist mainly of thick-bedded red siltstone, but 
in some areas they include ripple-laminated and 
cross-stratified coarse siltstone and sandstone and 
locally some conglomeratic strata. These units con
tain a wide variety of lithologic types, and facies 
changes appear to be more pronounced in them than 
in other parts of the Triassic stratigraphic sequence. 
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FIGURE 21.- Owl Rock Member of Chinle Formation in southern part of Red Rock Valley in northeastern Arizona. Ledge
forming units are limestone; slope-forming are siltstone. 

The strata that are described here have been 
given different names in different areas and include 
the following units: (1) The Church Rock Member 
of the Chinle Formation in southeastern Utah and 
the Monument Valley area, Arizona, (2) the Rock 
Point Member of the Wingate Sandstone in north
eastern Arizona and westernmost New Mexico, (3) 
a siltstone unit of the Chinle Formation in the Blue
water Creek area of west-central New Mexico, ( 4) a 
siltstone member of the Chinle Formation in the 
Rio Chama area of north-central New Mexico, (5) 
the middle and upper members of the Dolores 
Formation in the southern part of the San Juan 
Mountains region of southwestern Colorado and 
undifferentiated Dolores in the northern part of that 
region, and (6) the red siltstone member of the 
Chinle Formation in northeastern Utah and western 
Colorado, including an underlying sandstone and 
conglomerate member and an overlying upper mem
ber in the Uinta Mountains of northwestern Colorado 
and northeastern Utah. 

These strata are over 1,000 feet thick in a part of 

west-central 'colorado and in southwestern Colorado, 
where they constitute the entire upper (red-beds) 
part of the Chinle Formation or related strata, but 
in most areas they are only a few hundred feet thick. 

CHURCH ROCK MEMBER 

The name Church Rock Member was first used by 
Stewart (1957) ; the type section has not been 
specifically designated but is here considered to be 
the section described by Witkind and Thaden (1963, 
p. 33) in the Monument Valley area about 4 miles 
north of Church Rock. The member is recognized in 
much of southeastern Utah (Stewart, 1957, p. 459-
460) as well as in the Monument Valley area, 
Arizona. 

Stewart, Williams, Albee, and Raup (1959, p. 518) 
informally referred to a widespread sandstone and 
conglomerate at the top of the Church Rock Member 
as the Hite bed. This unit is of particular importance 
in regional correlations and is hereby formally 
named the Hite Bed. The type section (see strati
graphic section U-29) is in San Juan County, Utah, 
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on a southeast-trending promontory about 134 miles 
south-southeast of the now-abandoned town of Hite, 
from which it is named, and one-half mile north of 
the Colorado River at the Horn. At the type section, 
the Hite Bed is 34 feet thick. 

Detailed study by O'Sullivan (1970) of the upper 
part of the Chinle Formation along Comb Ridge 
near the Arizona-Utah State line, subsequent to the 
author's fieldwork, has led to uncertainty about the 
validity of the name Church Rock Member in south
eastern Utah. O'Sullivan has found that most of the 
Church Rock Member at the type section in the 
southern part of Comb Ridge in Arizona thins to 
the north and wedges out into a layer of sandstone 
and conglomerate (the Hite Bed). This sandstone 
and conglomerate unit forms only the topmost part 
of the Church Rock Member in southeastern Utah; 
most of the Church Rock Member in Utah is thus 
older than most of the type Church Rock in Arizona. 
O'Sullivan has also suggested that a widespread un
conformity occurs at the base of the Hite Bed, 
separating strata above that are correlative with the 
type Church Rock in Arizona from strata below 
that are the lower part of what is here assigned to 
the Church Rock in southeastern Utah. Although we 
did not recognize such an unconformity during our 
fieldwork, we realize that its existence would affect 
particularly our isopach maps of the upper part of 
the Chinle Formation. 

Some geologists have suggested that the name 
Church Rock Member should not be applied to rocks 
in southeastern Utah because, as has been suggested 
by O'Sullivan (1970), most of the strata included in 
the member there by Stewart (1957) and Stewart, 
Williams, Albee, and Raup (1959) are not laterally 
equivalent, physically or temporally, to the type 
Church Rock in Arizona. In this report, the name 
Church Rock Member is retained in southeastern 
Utah, although we recognize the questionable affinity 
there. We apply the name to a red-bed sequence in 
the uppermost part of the Chinle Formation in 
southeastern Utah that has the same general, al
though not identical, lithologic characteristics as the 
type Church Rock in Arizona and that lies between 
the Owl Rock Member of the Chinle and the Wingate 
Sandstone, as does also the Church Rock Member in 
Arizona. We realize, however, that the internal 
stratigraphy of this member is complex and that 
additional work on a regional scale may lead to a 
more precise non1enclature. 

The Church Rock Member is composed chiefly of 
pale-reddish-brown, reddish-orange, and light-brown 
fine to coarse siltstone that is structureless or in thin 
to thick horizontal beds. The lithologic character of 

the siltstone varies somewhat from place to place 
and locally includes some pale-red fine-textured clay
rich siltstone that weathers with a slight purplish 
tint. Typically, the siltstone in the member breaks 
into small angular fragments that thinly cover the 
weathered slopes. It is locally interstratified with 
thin beds of horizontally laminated or ripple-lami
nated siltstone. 

Irregular lenses or persistent beds of sandstone 
and sandy siltstone occur widely in the Church Rock 
Member, and in places they constitute more than 
half of it. These rocks are pale red or light greenish 
gray, fine to very fine grained, and horizontally 
laminated, ripple laminated, or cross stratified on a 
small to medium scale. They locally contain pebbles, 
cobbles, or boulders of siltstone. 

Two persistent units of sandstone occur in the 
Church Rock Member (figs. 2 and 10). One of them, 

EXPLANATION 

-Area within :which Hite Bed is recognized • Approximate area within which so-called 
Black Ledge is recognized 

FIGURE 22.- Distribution of Hite Bed and so-called Black 
Ledge of the Church Rock Member. 
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at or near the base of the member, is informally 
referred to as the Black Ledge (Stewart and others, 
1959, p. 518) ; the other, at the top of the member, 
is now formally named the Rite Bed. The approxi
mate distribution of the two units is shown in 
figure 22. The so-called Black Ledge consists mainly 
of cross-stratified sandstone that grades upward 
through horizontally and ripple-laminated siltstone 
into structureless or thin- to thick-bedded siltstone 
typical of the Church Rock Member. It is generally 
30 to 40 feet thick and lies at the base of the Church 
Rock Member along the Colorado and Green Rivers 
and from about 45 to 95 feet above the base of the 
member in the San Rafael Swell. 

The Hite Bed consists of cross-stratified sandstone 
and interstratified lenses of reddish-brown siltstone 
and claystone. It is 20 to 60 feet thick in most areas 
but is locally as much as 85 feet thick and is absent 
at some places within its main area of deposition. 

The areal extent of the Rite Bed is not well known. 
To the north and east, it may extend into a more 
sandy facies of the Church Rock Member and be 
indistinguishable from other sandstone units in the 
member; to the south and west it may wedge out in 
areas where Triassic strata are covered by younger 
formations. 

In addition to the so-called Black Ledge and the 
Hite Bed, the Church Rock Member contains many 
sandstone lenses, concentrated in a fairly well defined 
northwest-trending belt extending from southwest
ern Colorado on the southeast to the northern part 
of the. San Rafael Swell on the northwest. In the 
area near the junction of the Green and Colorado 
Rivers and in the· San Rafael Swell, sandstone 
locally constitutes tfrom 60 to 70 percent of the 
member. (See description under "Sedimentary 
Facies.") 

The contact of the Church Rock Member with the 
underlying Owl Rock Member is placed, in most 
areas, at or near· the top of the highest limestone in 
the Owl Rock Member. In the Monument Valley, 
Clay Hills, and White Canyon areas, and in the 
southern part of the Orange Cliffs area, however, it 
is generally placed at the change from pale-purplish
red fine siltstone below to pale-reddish-brown or 
light-brown coarse siltstone above. Locally, as at 
Jacobs Chair (loc. U-30) in the White Canyon area, 
a few limy siltstone beds occur in the Church Rock 
Member. In the northern part of the Orange Clfffs 
area and near the junction of the Green and Colorado 
Rivers, the contact is generally put at the base of 
the Black Ledge, but this again is near the top of 
the highest limestone. 

Much of the Church Rock Member near the 
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junction of the Green and Colorado Rivers appears 
to grade laterally into the Owl Rock Member farther 
south. This relationship is shown between Bridger 
Jack Mesa (fig. 10, loc. G) and Lockhart Canyon 
(fig. 10, loc. /). 

1'he Church Rock Member is generally from 0 to 
about 300 feet thick but is locally thicker (pl. 5). It 
is thickest in the northeastern and eastern parts of 
southeastern Utah and thinnest in the western part 
of southeastern Utah. Correlative rocks in Colorado 
(red siltstone member) are ~ver 1,000 feet thick 
locally (pl. 5) . 

ROCK POINT MEMBER OF WINGATE SANDSTONE 

Considerable disagreement has arisen about the 
stratigraphic assignment of the strata here described. 
They were originally recognized as a unit by Gregory 
( 1917, p. 42), who referred to them as "Division A" 
of the Chinle Formation, but later they were assigned 
to the basal part of the Wingate Sandstone and 
named the Rock Point Member by Harshbarger, 
Repenning, and Irwin (1957, p. 5-8). Correlative 
rocks in the Monument Valley area were called the 
Church Rock Member of the Chinle Formation by 
Stewart (1957) and by Witkind and Thaden (1963). 
In present-day usage, the name Rock Point Member 
of the Wingate Sandstone is used south of Laguna 
Creek (which runs along the south side of the 
Monument Valley area), and the name Church Rock 
Member of the Chinle Formation is used for the 
same unit north of Laguna ·Creek. This separation 
in nomenclature has ·been indicated by Harshbarger, 
Repenning, and Irwin (1957, pl. 2), Stewart (1957, 
p. 460), and Witkind and Thaden (1963, p. 34) and 
is followed in this report. 

The assignment of these strata to the Wingate 
Sandstone by Harshbarger, Repenning, and Irwin 
(1957, p. 5-8) was based on similarities between the 
Rock Point and the Wingate in respect to ( 1) grain 
size and composition, (2) areal distribution, and (3) 
physical relationships; but the evidence on which 
they chiefly relied was apparently the intertonguing 
of the Rock Point with the overlying part of the 
Wingate Sandstone. Although this intertonguing is 
impressive and in places makes separation of the 
Rock Point from overlying strata difficult, our 
observations suggest that only a few of the so-called 
tongues actually merge with the overlying part of 
the Wingate, and that many may be isolated lenses 
in the Rock Point 1\-iember. We feel that the main 
lithologic type of the Rock Point Member, hori
zontally stratified red siltstone, is more character
istic of the Chinle Formation, which includes many 
such red-bed units elsewhere on the Colorado Plateau, 
than of the overlying Wingate, which is a distinctive 
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cross-stratified massive sandstone. As has been 
pointed out elsewhere (Stewart, 1969), the Upper 
Triassic strata on the Colorado Plateau are divisible 
into three major lithogenetic sequences: a bentonitic 
sequence composed mostly of the lower part of the 
Chinle Formation, a red-bed sequence composed of 
the upper part of the Chinle Formation and laterally 
equivalent strata in the Dolores Formation, and a 
sandstone sequence constituting the entire Wingate 
Sandstone in p!aces or the upper member (Luka
chukai Me:r;nber) of the Wingate in other places. 
Lithologically, therefore, the red beds of the Rock 
Point Member seem to be more closely related to the 
upper part of the Chinle Formation and laterally 
equivalent strata in the Dolores than to the Wingate, 
and they are here included with the Chinle Formation 
on the isopach and lithofacies maps. 

The Rock Point Member occurs in northeastern 
Arizona, exclusive of the Monument Valley area, and 
in westernmost New Mexico. Its western boundary 
is a north-south line passing about 20 miles east of 
Cameron. 

The main mass of the Rock Point Member is com
posed of pale-reddish-brown and light-brown hori
zontally bedded sandy siltstone and silty sandstone. 
Its bedding planes are indistinct, but individual beds 
are mostly from 1 foot to 10 feet thick. In many 
places the strata are composed of a mixture of 
coarse silt and very fine sand in about equal propor
tions, so that it is difficult to classify the rock in the 
field as either sandstone or siltstone. Both rocks 
weather as slopes mantled with angular fragments. 

Along the east side of the Defiance uplift from 
Lukachukai to Fort Defiance, and in outcrops extend
ing northward from the Lukachukai Mountains for 
20 miles, the Rock Point Member contains units 10 
to 40 feet thick of ledge-forming sandstone (fig. 23) 
of probable eolian origin. This sandstone is light 
brown, or locally pale reddish brown, very fine 
grained, and well sorted and is composed of sub
rounded grains of reddish-stained quartz. It is 
generally cross stratified; the cross-strata occur in 
thin to very thick planar sets of small to medium 
scale. Parts of some units are horizontally laminated. 

FIGURE 23.- Owl Rock Member of Chinle Formation and Rock Point and Lukachukai Members of Wingate Sandstone in the 
southern part of Red Rock Valley in northeastern Arizona. Resistant beds in Owl Rock Member ( "Reo) are limestone or 
limy siltstone. Resistant beds in Rock Point Member ( "Rwr) are sandy siltstone and very fine grained sandstone. Slope
forming units in both the Owl Rock and Rock Point Members are siltstone and sandy siltstone. "Rwl, Lukachukai Member 
of Wingate Sandstone; J, formations of Jurassic age. 
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The units of supposed eolian ong1n occur in a 
cyclic repetition of strata. The cycle is, from bottom 
to top : ( 1) Thin to very thick horizontally bedded 
sandy siltstone or silty sandstone, a few feet to 
several hundred feet thick; (2) horizontally to wavy
laminated sandy siltstone or silty sandstone (locally 
containing a few ripple-marked layers), 5 to 40 feet 
thick; and (3) cross-stratified sandstone, 10 to 40 
feet thick, of supposed eolian origin. At some locali
ties, the cycle is repeated three or four times within 
the Rock Point Member. 

Some of the sandstone units of probable eolian 
origin can be demonstrated to be southward-extend
ing tongues of the Lukachukai Member of the 
Wingate Sandstone; others could be either tongues 
that connect with the Lukachukai Member in areas 
away from outcrops or, more likely, isolated lenses 
within the Rock Point Member. Along the southwest 
face of the Lukachukai Mountains, two cross-strati
fied sandstone units can be shown to separate from 
the main part of the Lukachukai Member and extend 
into the horizontally bedded strata of the Rock Point 
Member. These relationships are shown between 
sections B and C in figure 24. Along that same slope, 
also, other sandstone units are observed to come in 
below the tongues described above, without grading 
into the main part of the Lukachukai Member. 

Correlation of the cross-stratified sandstone units 
in the Rock Point Member southward along the east 
side of the Defiance uplift cannot be made with 
assurance because the outcrops there are discon
tinuous. The correlations shown in figure 24, how
ever, are considered reasonable, and if they are 
correct the Entrada Sandstone progressively trun
cates the Wingate Sandstone southward. The rocks 
representing the Lukachukai Member at Fort Win
gate (fig. 24, loc. J) probably grade into sandstone 
units in the Rock Point Member and may all be 
older than those representing the Lukachukai Mem
ber in the northern part of the Defiance uplift. 

The rocks assigned to the Rock Point Member at 
Lupton (fig. 24, loc. H) and at Zuni (fig. 24, loc. 
/) include light-brown, grayish-red, very pale orange, 
and light-greenish-gray sandstone and sandy silt
stone in trough sets of small- to medium-scale cross
strata. Some of the sandstone and sandy siltstone is 
in part horizontally laminated but commonly contains 
cuspate and parallel ripple marks and mud-crack 
fillings. These rocks constitute almost all of the Rock 
Point Member at Zuni. To the northwest and north 
from Zuni, they grade into the pale-reddish-brown 
sandy siltstone and silty sandstone that constitute 
the main part of the Rock Point Member -in the 
Defiance uplift (fig. 24, loc. B -G). Northeast of Zuni 

they grade into the light-brown sandstone that con
stitutes the Lukachukai Member of the Wingate 
Sandstone at Fort Wingate (fig. 24, loc. J). 

The Rock Point Member is thickest (over 500 ft 
thick) in a northeast-trending area extending from 
outcrops north of Winslow (near loc. 66, pl. 5) to 
the northern part of the Defiance uplift (near loc. 
6b, pl. 5) , and it thins in all directions from this 
area. 

The Rock Point Member of the Wingate Sandstone 
overlies the Owl Rock Member of the Chinle Forma
tion in the Defiance uplift. The contact between them 
is conformable and is generally placed at the top of 
the highest continuous limestone of the Owl Rock 
Member. In the Zuni area, the Rock Point Member 
overlies the Petrified Forest Member. Here, the 
contact marks an abrupt change in lithology from 
the variegated bentonitic claystone of the Petrified 
Forest Member to the brown or red fine-grained 
sandstone of the Rock Point Member. A few granules 
and pebbles of chert, and still fewer of quartzite, are 
scattered in the sandstone or siltstone in the basal 
few inches of the Rock Point Member. These are 
faceted and pitted and may be ventifacts. The sharp
ness of the contact between these members in the 
Zuni area, together with the occurrence of granules 
and pebbles just above it, suggests an unconformity. 

In much of northeastern Arizona the Rock Point 
Member is overlain by the Lukachukai Member of 
the Wingate Sandstone. The contact is placed at the 
change from horizontally stratified siltstone and 
silty sandstone below to cross-stratified sandstone 
above. In areas where the Rock Point and Luka
chukai Members intertongue, the contact is placed 
at the top of the highest thick unit of horizontally 
stratified siltstone and silty sandstone (fig. 24). 

Along the east side of the Defiance uplift in north
eastern Arizona and westernmost New Mexico and 
in the Zuni area of New Mexico, the Rock Point 
Member is unconformably overlain by the medial 
silty member of the Entrada Sandstone of Late 
Jurassic age. Although this contact marks a signif
icant break in deposition, it is difficult to locate in 
many areas. Both members consist mainly of sandy 
siltstone and silty sandstone. The Rock Point Mem
ber, however, is predominantly thin to very thick 

. bedded, whereas most of the overlying strata are 
horizontally laminated or composed of wavy dis
rupted laminae and in many areas contain a few 
disseminated well-rounded medium- to coarse-sized 
grains of quartz and chert, not ordinarily found in 
the Rock Point Member except in the eolian sand
stone units. At Chee Dodge, Todilto Park, and Fort 
Defiance (fig. 24, locs. E, F, and G), the contact is 
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LITHOLOGIC SYMBOLS FOR TRIASSIC ROCKS 

Sandstone composed of planar sets of high
angle medium- to large-scale cross- lami nae, 
probably of eo li an origin 

Sandstone to sandy si ltstone composed pre
dominantl y of trough sets of low-angle 
small- to medium-scale cross-! a mi nae, 
and sets of c uspate ripple lam inae, prob
ably of fluvial origin 

D 
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stratifiecj sandstone s imilar to hori zonta lly 
str atified sandstone in the Wingate Sand
stone elsewhere) 

Arbitrary nomenclature boundary 

FIGURE 24.- Fence diagram of Church Rock Member of Chinle Formation and Rock Point and Lukachukai Members of 
Wingate Sandstone in southeastern Utah, northeastern Arizona, and northwestern New Mexico. 
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placed at the base of a thin discontinuous layer of 
light-colored sandstone or sandy siltstone containing 
many disseminated grains of quartz and chert. At 
Chee Dodge sn1all scours occur at the base of this 
layer, which may have been formed by reworking of 
the underlying sediments before the deposition of 
the main part of the Entrada Sandstone. 

UNIT IN BLUEWATER CREEK AREA, WEST-CENTRAL 

NEW MEXICO 

A unit referred to by Silver (1948, p. 73) as the 
Red Sandstone Member is exposed in the Bluewater 
Creek area, west of the Lucero uplift and about 50 
miles southwest of Albuquerque, N. Mex. This unit, 
which is in the uppermost part of the Chinle Forma
tion, overlies the Petrified Forest Member and it 
unconformably underlies the Wingate Sandstone or, 
in some areas, younger formations. Silver showed 
the outcrops of this unit as extending from a point 8 
miles south of Bluewater Creek to one about 5 miles 
north of that stream. We, however, have observed 
the unit on the south side of Petoch Butte, 11 miles 
north of Bluewater Creek, and have noted that its 
outcrops reach a northern limit on the east side of 
that butte. We have not examined the outcrops 
between Petoch Butte and Bluewater Creek and do 
not know if the member is continuous between the 
two areas. 

At Bluewater Creek (loc. NM-18), where the unit 
is 217 feet thick, it consists mostly of light-brown, 
pale-reddish-brown, and grayish-red medium- to 
coarse-grained siltstone. Except for a .few layers of 
horizontally laminated siltstone, the rock appears 
strutureless on close examination, but when viewed 
from a distance the rock is seen to contain hori
zontal stratification planes. The upper 60 feet of the 
unit at Bluewater Creek consists predominantly of 
horizontally to wavy-laminated siltstone and sandy 
siltstone that form several ledges. The main part of 
the member weathers to a steep slope covered with 
a thin loose veneer of small angular fragments of the 
siltstone. 

On Petoch Butte, the unit contains the same litho
logic types except that horizontally laminated layers 
are not present. It is only about 40 feet thick on the 
south side of Petoch Butte and thins northward 
within about 2,000 feet to a thin edge on the east 
side of the butte. 

The lower contact of the unit is conformable and 
is placed at the color change from slightly purple, 
though dominantly red, siltstone of the underlying 
part of the Chinle Formation to light-brown silt
stone above. The contact is also marked by a subtle 
textural change; the rock below is composed of fine 
silt that is slightly bentonitic in some places, whereas 

that above is predominantly light brown and no
where bentonitic. 

The upper contact of the so-called red sandstone 
member of Silver (1948) is an unconformity. On 
Petoch Butte the member is overlain unconformably 
by the Wingate Sandstone, but to the south the 
Wingate is overlapped by the Entrada Sandstone, 
which in much of the area between Petoch Butte and 
Bluewater Creek overlies the red sandstone member. 
The Entrada Sandstone is in turn overlapped by a 
sandstone probably equivalent to the Summerville 
Formation, of Late Jurassic age. This sandstone 
overlies the red sandstone member in the northern 
part of the Bluewater Creek area. Southward, in 
the Bluewater Creek area, the Dakota Sandstone, of 
Cretaceous age, truncates the probable equivalent 
of the Summerville Formation, and in the southern 
part of the Bluewater Creek area it overlies the unit 
that is being considered here (Silver, 1948). 

At .Bluewater Creek this unit is lithologically 
similar to the strata of the Rock Point Member of 
the Wingate Sandstone at the type area of that mem
ber, and it is also similar to red-bed units in the 
uper part of the Chinle Formation elsewhere on the 
Colorado Plateau. Exact correlation is uncertain, 
however, because the unit occurs in an isolated area. 

SILTSTONE MEMBER IN NORTH-CENTRAL NEW MEXICO 

The informal name "siltstone member of the 
Chinle Formation" is used here for a local unit at the 
top of the Chinle Formation in the Ghost Ranch 
area (fig. 8, loc. G) in north-central New Mexico. 
It conformably overlies the Petrified Forest Member 
of the Chinle Formation and is unconformably over
lain by the Entrada Sandstone. It grades into the 
upper part of the Petrified Forest Member in out
crops to the southwest, but at Ghost Ranch it seems 
sufficiently well defined to be considered a separate 
member. 

At Ghost Ranch (loc. NM-9), this unit is 230 feet 
thick and consists of light-brown, pale-reddish-brown, 
and grayish-red apparently structureless siltstone 
and clayey siltstone ; from a distance, however, a 
few horizontal stratification planes can be seen. In 
the top 114 feet the siltstone contains large grains 
and sDme nodules of limestone. Some thin beds in the 
middle of the member contain low-angle medium
scale cross-strata. 

This member, except in the basal 35 feet, does not 
contain clay that swells noticeably on contact with 
water; thus, it does not on field examination appear 
bentonitic. Schultz (1963, pl. 3), however, has shown 
that much of the clay in this Inember is montmoril
lonite and not much different from that in the under
lying strata of the Petrified Forest Member. 
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The lower contact of the member is conformable 
and is placed at the change from dominantly reddish 
clayey rocks below to brownish silty rocks above. 
The upper contact is an unconformity and is marked 
by a change from slope-forming siltstone below to 
massive cliff-forming sandstone of the Entrada 
Sandstone above. 

The siltstone member grades laterally to the south
west into the upper part of the Petrified Forest Mem
ber; the limit of the member to the southwest is 
therefore arbitrary. 

The red shale and clay of the Chinle Formation 
exposed at Canones Creek 10 miles northeast of 
Tierra Amarilla in northern New Mexico, described 
by Dane (1948) and Muehlberger (1957), may be 
the siltstone member, but we have not examined 
them. In that area the Chinle Formation rests on 
Precambrian rocks. 

The siltstone member of the Ghost Ranch area is 
similar to other red-bed units in the upper part of 
the Chinle Formation, but exact correlations are 
uncertain because of the large distances between the 
Ghost Ranch area and outcrops of red-bed units else
where. 

MIDDLE AND UPPER MEMBERS OF DOLORES FORMATION IN 

SOUTHERN PART OF SAN JUAN MOUNTAINS REGION 

The Dolores Formation in the southern part of 
the San Juan Mountains area of southwestern Colo
rado (fig. 15, locs. G, H, I) is divided into three 
members, referred to informally as the lower, middle, 
and upper members. The lower member, a ledge
forming sandstone regarded as probably correlative, 
at least in part, with the Moss Back Member of the 
Chinle Formation in southeastern Utah, has been 
described in the section "Moss Back and Related 
Members." The middle and upper members consist 
predominantly of reddish-brown siltstone considered 
to be laterally equivalent to strata elsewhere in
cluded in the upper part of the Chinle Formation 
(fig. 15). 

MIDDLE MEMBER 

The middle member is composed of grayish-red, 
grayish-red-purple, light-brownish-gray, and light
greenish-gray micaceous siltstone, sandy siltstone, 
and very fine grained sandstone. The strata are 
ripple laminated in some parts of the member and 
horizontally laminated and bedded in other parts. 
Both cuspate and parallel ripples are present rarely. 
The member varies greatly from place to place in 
lithologic character because of lensing and grading 
out of individual units. It commonly contains car
bonaceous material and fragments of bone. It in
cludes thin lenses of limestone pebble conglomerate 
in which pebbles and very coarse grains of limestone 

or limy siltstone are embedded in a matrix of limy 
silt. The member weathers to form a slope from 
which lenses of resistant sandy siltstone and sand
stone, commonly containing cross-strata, project as 
ledges. 

The middle member is at least 170 feet thick at 
Stoner (loc. C-14a), where the top of the member is 
covered ; 270 feet at Durango (loc. C-5) ; and 129 
feet along the Piedra River (loc. C-1), where it is 
truncated by pre-Entrada erosion. 

The lower contact of the member is gradational 
and intertonguing. The lower member of the Dolores 
Formation is predominantly sandstone, whereas the 
middle member is at least half siltstone; the contact 
is generally placed at the base of the lowest thick 
siltstone unit in the middle member. Sandstones in 
the lower and middle members are, however, litho
logically similar, and the distinction between the two 
members is not pronounced. 

Some of the sandstone, sandy siltstone, and con
glomerate in the lower and middle members of the 
Dolores Formation are lithologically similar to strata 
in the Owl Rock Member in the Horse Mesa Creek 
area (loc. A-4) in northeastern Arizona. (See p. 
39.) These rock types in the Owl Rock Member are 
unusual, as most of that member is siltstone, and 
they could be the marginal deposits of strata cor
relative with at least part of the lower and middle 
members of the Dolores Formation (pl. 2). 

UPPER MEMBER 

The upper member consists mainly of horizontally 
stratified light-brown and reddish-brown siltstone 
and sandy siltstone. When viewed from a distance, 
it appears to be made up of beds from a few feet to 
about 20 feet thick; but on close examination these 
beds are difficult to separate, and the strata locally 
appear structureless. A few layers are horizontally 
laminated. The member weathers to form steep 
slopes below the cliff-forming Upper Jurassic En
trada Sandstone. The siltstone and sandy siltstone, 
where well exposed, weather to small angular frag
ments that form a loose veneer on the slope. Locally 
some of the beds contain rounded nodules of limy 
siltstone up to 1 inch in diameter. 

Units of silty sandstone and sandstone, ranging in 
thickness from about 10 to 50 feet and weathering 
as smooth massive ledges, occur in the upper member 
in the Stoner and Durango areas (fig. 15, locs. G 
and H) . The silty sandstone and sandstone are light 
brown, very fine grained, and well sorted, and they 
consist predominantly of subrounded red-stained 
quartz grains. The upper and lower boundaries of 
the units are flat bedding planes. Within the units, 
the strata are horizontally laminated; the laminae 
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are characterized by an indistinct waviness that 
suggests some type of low-amplitude ripples or 
irregularities. In the Durango stratigraphic section 
(loc. C-5) there is only one of these units, which is 
from 75 to 109 feet above the base of the member; 
in the Stoner stratigraphic section (loc. C-14) there 
are at least four, all in the upper 300 feet of the 
member. In the Stoner area, the top 70 feet of the 
upper member is composed of siltstone, sandy silt
stone, and sandstone that intergrade and are difficult 
to separate into distinct units. The coarser layers 
are similar to the ledge-forming silty sandstone and 
sandstone units in the underlying part of the mem
ber, except that some of them contain scattered fine 
to coarse, rounded, red-strained, frosted quartz 
grains, which constitute as much as 10 percent of 
some units. One of the coarser grained units near 
the top of the formation at Stoner conta;ins thin 
trough sets of small- to medium-scale low-angle 
cross-strata. 

The upper member is about 540 feet thick at 
Stoner and 259 feet thick at Durango and is absent 
along the Piedra River (fig. 15). Wells to the south
west of outcrops of the Dolores Formation contain 
600 to 700 feet of strata assignable to the upper 
member. The abrupt thinning of the unit eastward 
and its absence along the Piedra River are thought 
to be due to pre-Entrada erosion. 

The contact between the upper and middle mem
bers is placed at the change from purplish 
ripple-marked siltstone and sandstone below to 
reddish-brown and light-brown horizontally strati
fied homogeneous sandy siltstone and silty sand
stone above. This contact is difficult to place, for it 
is probably gradational over several tens of feet. 

The contact of the upper member with the over
lying Entrada Sandstone is a regional unconformity 
along which the Entrada truncates much of the 
Dolores Formation eastward (fig. 15). In many 
places the contact is difficult to locate because much 
of the sandstone in the upper part of the Dolores is 
lithologically similar to that in the lower part of 
the Entrada Sandstone. In most places, however, the 
Entrada Sandstone forms a smooth-weathering 
rounded cliff ("slick rim"), which contrasts sharply 
with the moderate slopes formed on the upper mem
ber of the Dolores Formation. The contact is also 
marked by subtle lithologic differences. The topmost 
unit of the upper member of the Dolores Formation 
is generally a sandy siltstone, whereas the overlying 
Entrada Sandstone is a very fine grained sandstone 
containing scattered fine to medium grains; the 
upper member is generally horizontally stratified, 
whereas the Entrada Sandstone is cross stratified; 

the upper member is reddish brown or light brown, 
whereas the Entrada Sandstone is characteristically 
very pale orange. Wherever observed, the contact is 
sharp and flat; no scour surfaces were noted. 

The upper member of the Dolores Formation is 
considered to be a lateral continuation of the Rock 
Point Member of the Wingate Sandstone in the De
fiance uplift. Both units are composed largely of 
reddish-brown siltstone, and both locally contain 
ledge-forming sandstone units. The sandstone units 
in the upper member are finer grained than those in 
the Rock Point Member and do not contain the high
angle cross-strata characteristic of those in the Rock 
Point Member, but these differences could be facies 
changes within laterally equivalent strata. Some of 
the sandstone units in the Rock Point Member are 
tongues of the Lukachukai Member of the Wingate 
Sandstone, which consist mainly of cross-stratified 
sandstone, whereas others are probably discrete units 
entirely within the Rock Point Member. Similarly, 
some of the sandstone units in the upper member of 
the Dolores Formation could be tongues of the 
Wingate, whereas others could be within the upper 
member. The exact correlations are uncertain, largely 
because of the lack of outcrops and information in 
the area between the San Juan Mountains and the 
Defiance uplift. 

DOLORES FORMATION IN NORTHERN PART OF SAN JUAN 

MOUNTAINS REGION 

The Dolores FormaUon in the northern part of the 
San Juan Mountains region comprises a light
colored locally conglomeratic basal sandstone unit 
and an overlying sequence of red beds consisting 
largely of reddish-brown and pale-red siltstone and 
sandstone. 

The basal unit, which is a few tens of feet thick 
at most, consists of coarse to very coarse grained 
sandstone locally containing lenses of conglomerate. 
At Ouray (loc. C-16), the conglomerate contains 
granules, pebbles, and cobbles of limestone, chert, 
quartz, feldspar, granite, gneiss, schist, slate, green
stone, and possible metavolcanic basic rock; else
where the conglomerate fragments are mostly quartz 
and quartzite. The basal sandstone unit is considered 
to be correlative with a lithologically similar unit at 
the base of the Chinle Formation in the salt-anticline 
area northwest of the San Juan Mountains. It is 
probably not correlative, however, with other basal 
sandstone units of the Upper Triassic series, such as 
the Moss Back Member of the Chinle Formation or 
the lower member of the Dolores Formation, as these 
units are much finer grained. It is believed to have 
been formed by local reworking of strata along the 
pre-Dolores unconformity and is considered to be a 
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basal coarse deposit of the upper (red-beds) part of 
the Chinle Formation. 

The main body of the Dolores Formation in the 
northern part of the San Juan Mountains region is 
composed of a lithologically variable sequence of 
reddish-brown and pale-red siltstone and sandstone 
considered to be largely correlative with the middle 
and upper members of the Dolores Formation in the 
southern part of the San Juan Mountains region. At 
Sawpit (loc. C-19), this part of the Dolores Forma
tion is about 455 feet thick and consists of struc
tureless, horizontally laminated, thick-bedded, or 
ripple-laminated reddish-brown siltstone, pale-red 
very fine grained horizontally laminated or cross
stratified sandstone, and subordinate limestone and 
siltstone pebble conglomerate. It contains abundant 
cuspate and parallel ripple marks. 

In the Ouray area (loc. C-16), that part of the 
Dolores Formation above the basal sandstone unit 
is only about 100 feet thick and consists of grayish
red horizontally laminated to very thick bedded silt
stone. In this area the formation does not contain 
the ripple-laminated siltstone and cross-stratified 
sandstone that was noted at Sawpit. 

The top 30 feet or more of the Dolores Formation 
in the Placerville area, including the Sawpit strati
graphic section (loc. C-19), consists of very pale 
orange or reddish-brown very fine grained well
sorted horizontally thin bedded sandstone. This 
sandstone has been regarded by some geologists 
(Bush and others, 1959; McKee and others, 1959) 
as a lateral continuation of the Wingate Sandstone, 
but such a correlation seems to us uncertain. The 
strata at the top of the Dolores do not contain cross
strata, a typical feature of the Wingate Sandstone. 
In fact, some lithologically similar strata in the salt
anticline region to the northwest are placed in the 
uppermost part of the Chinle Formation and lie 
below strata typical of the Wingate Sandstone. (See 
Paradox Valley stratigraphic section, loc. C-15.) 
For these reasons, we believe that these sandstone 
units are equivalent to the upper part of the Chinle 
Formation, as mapped in the salt~anticline area, 
rather than to the Wingate Sandstone. 

RED SILTSTONE MEMBER 

The informal name "red siltstone member" has 
been applied by Poole and Stewart (1964, p. D36-
D37) to a unit of red siltstone, containing minor 
amounts of sandstone and conglomerate, in the east
tern Uinta Mountains and in northwestern and west
central Colorado (fig. 3). It is probably laterally 
equivalent to the Church Rock Member of the Chinle 
Formation in southeastern Utah and to most of the 

Dolores Formation in the SanJuan Mountains region 
in southwestern Colorado (pl. 2). The name is 
extended here to include correlative strata in the 
Uncompahgre Plateau and salt-anticline area in the 
central part of western Colorado. 

This member consists mainly of pale-reddish
brown and grayish-red siltstone which is limy in 
places. From a distance this rock appears to be thin 
to thick bedded; on close inspection, however, it 
appears either structureless or only crudely stratified. 
Thin lenses of conglomerate with pebbles of lime
stone or siltstone characteristically occur interstrati
fied with the siltstone and locally constitute 5 percent 
of the member. 

In a fairly well defined northwest-trending belt 
extending northwestward from Placerville, in the 
San Juan Mountains region, across the salt-anticline 
region, into the northern part of the San Rafael 
Swell, the red siltstone member and also the Church 
Rock Member and correlative strata in the Dolores 
Formation contain a large proportion of sandstone. 
The sandstone forms irregular lenses or layers, as 
much as 100 feet thick, that interfinger with the 
siltstone. The sandstone is dominantly pale red or 
grayish red and very fine to fine grained. Most of the 
sandstone is horizontally laminated, but, locally, small 
to medium-scale low-angle cross-strata and ripple
marked layers are common. The sandstone locally 
grades to coarse siltstone. 

Locally in the salt-anticline region in the central 
part of western Colorado and adjacent part of Utah, 
the top part of the Chinle Formation contains light
brown very fine grained horizontally laminated to 
thick-beded sandstone units ranging in ·thickness 
from 1 to 20 feet (Paradox Valley stratigraphic 
section, loc. C-15). The sandstone in these units is 
similar in color and texture to that of the overlying 
Wingate Sandstone, but it does not contain the 
cross-strata characteristic of the Wingate Sandstone. 
The proportion of sandstone increases upward in the 
red siltstone member- so much so in some places 
as to suggest an intergradation between the Chinle 
Formation and the Wingate Sandstone. In most 
places, however, the contact between the Chinle and 
the Wingate is sharp, and the sandstone below the 
contact is clearly a part of the Chinle Formation. 

The red siltstone member is over 1,000 feet thick 
in central Colorado (fig. 15) and thins to the north
west and west. It appears to grade laterally into the 
upper member of the Chinle Formation in the east
ern part of the Uinta Mountains. In many parts of 
northwestern and west-central Colorado, it is very 
uneven in thickness because of pre-Jurassic erosion. 

In west-central Colorado and in the central part 
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of western Colorado, the red siltstone member con
stitutes most of the Chinle Formation. It overlies the 
mottled member in most of this area, but in the 
Uncompahgre Plateau and salt-anticline area, it lies 
either on thin basal sandstone units of the Chinle 
Formation or on pre-Chinle rocks. The basal sand
stone unit has been described by Dane (1935, p. 55-
56), Shoemaker (1955, 1956b), and Cater (1955a, 
b, c). In the eastern part of the Uinta Mountains it 
is underlain, perhaps disconformably, by the ocher 
siltstone member, which is itself underlain by the 
mottled member. 

Between Cliff Creek (fig. 3, loc. C) and Vernal 
(fig. 3, loc. B) in the Uinta Mountains, the red silt
stone member is believed ·to interfinger with the 
sandier, upper member, and there the· contact is 
generally placed between the highest structureless 
red siltstone and the lowest brown sandstone of the 
upper member. Where the upper member is absent, 
the red siltstone member is immediately overlain by 
the Glen Canyon Sandstone, of Triassic and Jurassic 
age. In the central part of western Colorado, the 
Wingate Sandstone of the Glen Canyon Group over
lies the red siltstone member. 

In northwestern Colorado, beyond the eastern 
limit of the Glen Canyon Sandstone, the Chinle 
Formation is overlain by the Entrada Sandstone of 
Late Jurassic age, or equivalent strata. Beds above 
and below the contact appear to be parallel in nearly 
a~l outcrops; regional study has shown, however, 
that from west to east the Chinle is overlain by 
younger and younger beds, which indicates that the 
contact is a regional unconformity. 

SANDSTONE AND CoNGLOMERATE .MEMBER 

The sandstone and conglomerate member (Poole 
and. Stewart, 1964, p. D36) is composed of gray, 
pink, and brown siltstone, sandstone, and con
glomerate. This member is restricted to outcrops in 
the easternmost Uinta Mountains at Cross Mountain 
(pl. 1, loc. C-10), Vale of Tears (pl. 1, loc. C-155), 
and Disappointment Creek (pl. 1) ; it is thickest, 115 
feet thick, at Cross Mountain. It is regarded as a 
coarse basal facies of the red siltstone member, and 
its basal contact may be a disconformity. 

The lower part of the member consists mainly of 
sandstone but includes some siltstone and conglomer
ate. The conglomerate contains many granules and 
pebbles of limy siltstone and a few of siliceous rocks. 
The remainder of the member consists of siltstone, of 
sandstone, and of mudstone pebble conglomerate. 
The member is characterized by horizontal lamina
tion, thin beds with ripple laminae, current lineation, 
and crossbedding. 

UPPER "MEMBER 

The informal name "upper member" was applied 
by Kinney (1955) to a sequence of orange, brown, 
and gray sandstone; red, gray, and brown siltstone; 
and red, brown, gray, and green claystone at the top 
of the Chinle Formation. This member is best de
veloped in the western and central Uinta Mountains, 
where it reaches a maximum thickness of 137 feet 
(loc. U-1, Lake Fork River). It contains many beds 
of massive-weathering sandstone resembling the 
dominant rock of the overlying Glen Canyon Sand
stone, and these may in fact be. lenses or tongues of 
the Glen Canyon. The upper member may thus be 
transitional into the Glen Canyon Sandstone. 

The sandstone layers are very fine to medi urn 
grained and are horizontally laminated to thick· 
bedded. Ripple laminae and thin to thick planar 
and trough sets of small- and medium-scale cross
laminae are present in the upper parts of a few 
sandstone beds. Cuspate ripples, current lineation, 
and mud cracks were noted on the surfaces of a few 
beds. 

The siltstone is thinly laminated to thick bedded; 
some parts are structureless. A few units contain 
ripple laminae, mud cracks, and pellets of clayey 
siltstone. The claystone is generally silty and lami
nated. A pale-red to grayish-red silty claystone unit 
15-25 feet thick is at the top of the upper member 
throughout the central and most of the eastern Uinta 
Mountains. 

The upper member is about 135 feet thick and 
consists of sandstone, siltstone, and claystone in 
widely varying proportions. At Vernal (fig. 3, loc. 
B) it is about 72 percent sandstone, 20 percent silt
stone, and 8 percent claystone; the proportion of 
sandstone decreases both eastward and westward. At 
Lake Fork River (fig. 3, loc. A), west of Vernal, the 
member is 19 percent sandstone, 51 percent siltstone, 
and 30 percent claystone. At Cliff Creek (fig. 3, loc. 
C), east of Vernal, where this member appears to 
intertongue with the red siltstone member and is 
thin, it is 4 percent sandstone, 70 percent siltstone 
(which may be chiefly tongues of the red siltstone 
member)~ and 26 percent claystone. 

The upper member overlies the ocher siltstone 
member west of the Green River. East of the Green 
River, the upper member overlies the red siltstone 
member (fig. 3). The contact between the upper 
member and red siltstone member is characterized by 
intertonguing, and the upper member is not rec
ognized eastward near Miller Creek (fig. 3, loc. D) 
above or at the top of the red siltstone member. 

The upper member is overlain by the Glen Canyon 
Sandstone with apparent conformity. The contact 
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between them in the central and eastern Uinta 
Mountains is at the top of a persistent grayish-red 
silty claystone which underlies a massive cliff-form
ing sandstone of the Glen Canyon Sandstone. 

SEDIMENTARY FACIES. 
The sedimentary facies study of the Chinle Forma

tion was initiated to determine regional variations in 
the lithologic character of laterally equivalent strata. 
The facies of the lower (bentonitic) part and upper 
(red-beds) part of the Chinle Formation are de
scribed separately, because these two parts differ 
from one another in lithology, sedimentary history, 
and principal sources of sediment. 

LOWER (BENTONITIC) PART OF CHINLE FORMATION 

The lower part of the Chinle Formation consists 
of variegated bentonitic claystone, clayey siltstone, 
clayey sandstone, . and thin widespread layers of 
sandstone and conglomerate. (See p. 15.) It includes 
members of the Chinle Formation and a laterally 
equivalent lower member of the Dolores Formation 
(table 2). 

LITHOLOGIC TYPES 

Study of the facies of the lower part of the Chinle 
Formation is based upon determination of the re
gional distribution of three main lithologic types. 
These types are: ( 1) Ledge-forming cross-stratified 
fairly to very well sorted sandstone and conglomer
ate, (2) slope-forming cross-stratified poorly sorted 
clayey sandstone, commonly bentonitic, (3) slope-

forming largely bentonitic, silty claystone and silt
stone. The ledge-forming rocks form thin, persistent 
units such as the Shinarump and Moss Back Mem
bers; the other two types form the bulk of the lower 
part of the Chinle Formation. 

METHODS OF FACIES ANALYSIS 

The relative amounts of the three main lithologic 
types in the lower part of the Chinle Formation 
were roughly estimated at 53 measured sections 
scattered over the Colorado Plateau and adjacent 
areas. All the data were from surface outcrops; well 
logs were not considered suitable for use in this 
type of study. Data obtained at each measured 
section are listed in table 3, and the location of 
these sections can be obtained from plate 1 and 
table 1. 

In the field, the proportion of ledge-forming sand
stone and conglomerate was easily determined by 
measuring the thickness of individual ledges and 
·comparing their total thickness with the total thick
ness of the lower part of the Chinle. The amount of 
clayey sandstone and of silty claystone and silt
stone could not be determined so easily, because these 
rocks commonly weather to form slopes that are 
largely covered with soil and waste. Exact deter
minations of their relative abundance could have 
been made only by trenching, but this was not 
practical. Rough estimates were made, however, 
by digging holes at 10-foot stratigraphic intervals 

TABLE 2.- Members and units assigned to lower and upper parts of the Chinle Formation and related strata 
[Members and units are part of Chinle Formation unless otherwise indicated] 

Southern Nevada, 
southwestern Utah, 
northwestern 
and west-central 
New Mexico, and 
northern Arizona 
exclusive of Monu
ment Valley ·area 

Rock Point Member of 
Wingate Sandstone1 

Owl Rock Member 

Petrified Forest 
Member 

Sandstone and mud
stone member 

Mesa Redondo Member 
Lower red member 

Shinarump Member 

Mottled strata 

Southeastern and 
east-central Utah 
and Monument 
Valley area, 
northern Arizona 

Church Rock Member 

Owl Rock Member 

Petrified Forest 
Member 

Moss Back Member 

Monitor Butte 
member 

Shinarump Member 

Mottled strata 
Temple Mountain 

Member 

North-central New 
Mexico 

Southwestern 
Colorado 

UPPER PART 

Siltstone member Middle and upper 
members of the 
Dolores Formation 
and laterally 
equivalent strata 

LOWER PART 
Petrified Forest 

Member 
Poleo Sandstone 

Lentil 
Salitral Shale Tongue 

Agua Zarca 
Sandstone Member 

Sandstone Member 

Lower member of the 
Dolores Formation 

West-central and 
central Colorado 

Red siltstone member 

Mottled member2 
Gartra Member2 

Northeastern Utah 
and northwestern 
Colorado 

Upper member 
Red siltstone member 

Sandstone and 
conglomerate 
member 

Ocher siltstone 
member2 

Mottled member2 
Gartra Member2 

1At Bluewater Creek in western New Mexico, a "reddish sandstone member" of Silver (1948) (see stratigraphic section NM-18) is also included in 
the upper part of the Chinle Formation. Also, in the Zuni uplift in western New Mexico, the Lukachukai Member of the Wingate Sandstone is included 
with the upper part of the Chinle Formation in the facies study because it is believed to tongue laterally into the Rock Point Member of the Wingate, which 
is everywhere included in the study. · 

20mitted from consideration because it was not studied in detail as part of facies study. 
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TABLE 3.- Data sheet fo1· sedinwnta1·y-facies study of the 
lowe1· pa'tt of the Chinle Formation 

[A, Arizona: C. Colorado: N, Nevada: NM, New Mexico: U, Utah] 

Locnlily 
No. 

(pl. 1: 
tnblc 1) 

Locality 
name 

Ledge
forming 

sandstone 
and 

conglomerate 
(percent) 

A-6 Lukachukai Trading Post 31 
A-8 Nazlini Trading Post ...... 13 
A-9 St. Johns .......................... 17 
A-13 Owl Rock .......................... 27 
A-17 Cameron ............................ 11 
A-20 Lees Ferry ........................ 30 
A-22 Paint Pots ........................ 19 
A-25 Joseph City ...................... 8 
C-1 Piedra River .................... 100 
C-5 Durango ............................ 100 
C-14 Stoner ................................ 100 
C-21 Dolores Canyon ................ 100 
N-1 Horse Spring Valley ...... 6 
N-2 Spring Mountains .......... 30 
N-3 Valley of Fire .................. 36 
NM-1 Chavez-Prewitt ................ 21 
NM-3 Fort Wingate .................. 17 
NM-7 Coyote ................................ 12 
NM-9 Ghost Ranch-Abiquiu .... 50 
NM-12 Arroyo de los Pinos ........ 22 
U-3 Buckhorn Wash .............. 81 
U-4 Cane Wash ...................... 79 
U-5 Lucky Stril<e mine .......... 74 
U-6 Muddy River .................... 45 
U-7 Straight Wash ................ 79 
U-8 Temple Mountain ............ 79 
U-9 Buckacre Point ................ 70 
U-10 Horse Canyon .................. 22 
U-11 Muley Twist .................... 8 
U-13 Range Canyon .................. 77 
U-14 Silver Falls Creek .......... 13 
U-16 South Draw ...................... 27 
U-19 Spring Cauyon ................ 42 
U-22 Kanarraville .................... 26 
U-24 Paria .................................. 10 
U-26 Bridger Jack Mesa .......... 83 
U-27 Comb Wash ...................... 11 
U-29 Hite .................................... 28 
U-30 Jacobs Chair .................... 38 
U-32 Lockhart Canyon ............ 74 
U-33 Milk Ranch Point ............ 39 
U-34 Monitor Butte .................. 18 
U-35 North Sixshooter Peak .. 43 
U-39 Taylor Canyon ................ 58 
U-43 Chimney Rock .................. 30 
U-44 Millard Canyon ................ 58 
U-45 Leeds .................................. 37 
U-46 Rockville ............................ 18 
U-48 Mexican Bend .................. 90 
U-170 Idle Day claim ................ 95 
U-171 Little Valley .................... 63 
U-222 Clay Hills Pass ................ 27 
U-224 Red House ........................ 19 

Slope-
forming 
clayey 

sandstone 
(percent) 

4 
5 

22 
39 
35 
15 
27 
22 

0 
0 
0 
0 

32 
18 
16 
11 
10 

6 
0 
3 
0 
0 
0 
7 
0 
0 
5 

13 
3 

11 
15 
13 

0 
7 

28 
1 

18 
8 

22 
0 

38 
22 
47 
13 
25 
17 

0 
13 
0 
0 
0 

14 
7 

Silty 
claystone 

and 
siltstone 
(percent) 

65 
82 
61 
34 
54 
55 
54 
70 

0 
0 
0 
0 

62 
52 
48 
68 
73 
82 
50 
75 
19 
21 
26 
48 
21 
21 
25 
65 
89 
12 
72 
60 
58 
67 
62 
16 
71 
64 
40 
16 
23 
60 
10 
29 
45 
25 
63 
69 
10 

5 
37 
59 
74 

along every line of section. Each hole was made deep 
enough to expose unweathered rock, and the general 
character of that rock was recorded. The number of 
spot determinations in clayey sandstone in relation 
to those in silty claystone and siltstone gives a crude 
estimate of the relative abundance of these two 
constituents. 

RESULTS OF FACIES ANALYSIS 

The lithologic character of the lower part of the 
Chinle Formation varies greatly from area to area, 
and the facies study did not reveal regional varia
tions useful in interpreting depositional history. The 

amount of slope-forming clayey sandstone, for 
example, in Arizona ranges from 4 to 39 percent but 
does not show a consistent change in any direction 
across the State. The only significant regional trend 
indicated by the facies study is an increase in the 
amount of ledge-forming sandstone and conglom
erate near the northeastern limit of the lower part 
of the Chinle in southeastern Uta,h, southwestern 
Colorado, and northwestern New Mexico. In most of 
these areas the lower part of the Chinle is thin and 
comprises only a single member that consists wholly 
of sandstone. The abundance of sandstone and con
glomerate near the northeastern limit of the lower 
part of the Chinle is not regarded as evidence that 
the sediments came from the northeast, but rather 
that fine-textured units have thinned and wedged 
out to the north and northeast. 

UPPER (RED-BEDS) PART OF CHINLE FORMATION 

The upper part of the Chinle Formation consists 
principally of reddish-brown horizontally bedded or 
structureless siltstone and generally minor amounts 
of limestone, ripple-laminated siltstone and sand
stone, limestone pebble conglomerate, and cross
stratified sandstone. (Seep. 38.) It includes members 
of the Chinle Formation, laterally equivalent mem
bers of the Dolores Formation, and a related lower 
member (Rock Point Member) of the Wingate Sand
stone (table 2) . 

LITHOLOGIC TYPES 

Study of the facies of the upper part of the Chinle 
Formation is based upon determination of the 
regional distribution of five main lithologic types: 
( 1) structureless and horizontally bedded siltstone, 
(2) limestone, (3) wavy-stratified siltstone and 
sandstone, ( 4) trough-cross-stratified sandstone, silt
stone, and conglomerate, and ( 5) planar-cross-strati
fied sandstone. 

STRUCTURELESS AND HORIZONTALLY BEDDED SILTSTONE 

Rocks grouped as structureless and horizontally 
bedded siltstone include silty claystone, siltstone, and 
sandy siltstone units that are characterized by an 
apparent lack, in most localities, of sedimentary 
structures except for rather vaguely defined widely 
spaced bedding planes. In some areas, particularly in 
the Rock Point Member of the Wingate Sandstone in 
the Defiance uplift, vaguely defined features re
sembling large-scale low-angle cross-stratification 
planes were noted in the structureless siltstone and 
suggest the possibility that some of the siltstone may 
be crudely cross stratified. Structureless siltstone is 
the finest grained clastic rock in the upper part of 
the Chinle Formation. It is interstratified in thin to 
very thick layers with all other lithologic types and 
weathers to form slopes and recesses. 
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Structureless siltstone is in general the most 
abundant rock in the upper part of the Chinle 
Formation. It is subordinate in only a few areas, 
notably in western New Mexico, parts of the San 
Rafael Swell in Utah, and parts of the Uncompahgre 
Plateau in Colorado. 

The fine-grained nature and lack of current-formed 
sedimentary structures indicate that the structure
less siltstone was deposited largely in quiet water, 
probably in lakes and on flood plains. 

LIMESTONE 

The limestone in the upper part of the Chinle 
Formation occurs in light-colored very thin to thick 
layers interstratified, in most areas, with structure
less siltstone. Most of these layers are horizontally 
very thin to thick bedded, although some are hori
zontally laminated. Many of the layers are remark
ably persistent, and some have been traced for as 
much as 20 miles (C. A. Repenning, written 
commun., 1956). Other layers are lenticular and 
grade into structureless siltstone. In the facies study, 
limy siltstone similar in color and appearance to 
limestone with which it is associated has been 
grouped together under the same lithologic heading 
as limestone. The limestone and limy siltstone layers 
typically weather to form cliffs and ledges. 

In most places, limestone occurs in only small 
amounts in the upper part of the Chinle Formation, 
and practically all of it is in the Owl Rock Member, 
the basal member of the upper part of the Chinle. 

The limestone in the upper part of the Chinle 
Formation was probably formed by the mechanical 
and chemical deposition of carbonate in fresh-water 
lakes and also by carbonate replacement of glassy 
volcanic material on lake bottoms. 

WAVY-STRATIFIED SILTSTONE AND SANDSTONE 

The most abundant type of rock included under 
wavy-stratified siltstone and sandstone is laminated 
to thin-bedded siltstone and sandstone with strati
fication planes characterized by a vaguely defined 
low-amplitude waviness. In some places these strata 
grade into distinctly ripple-laminated rocks. In other 
places the waviness of the stratification is so poorly 
defined that separation from interstratified sets of 
structureless siltstone is difficult, and the two types 
can only be roughly separated on the basis of the 
slightly coarser grain of the wavy-stratified siltstone 
and the tendency of the wavy-stratified strata to 
weather out as cliffs and ledges. The wavy-stratified 
siltstone to sandstone is intermediate in grain size 
between structureless siltstone and trough-cross
stratified sandstone. 

Also included under wavy-stratified siltstone and 

sandstone are ( 1) strata composed of well-defined 
sets of parallel or cuspate ripple laminae and (2) 
well-sorted sandstone or silty sandstone composed of 
fairly well defined horizontal beds or laminae and 
containing some wavy planes. Except for stratifica
tion and a somewhat finer grain size, this well-sorted 
sandstone, which is scarce in the upper Chinle, re
sembles the planar-cross-stratified sandstone de
scribed below. 

In places where horizontally laminated siltstone 
similar in grain size and lithologic aspect to the 
wavy-stratified siltstone . is interstratified with, or 
grades into, wavy-stratified rock, it has been in
cluded with wavy-stratified siltstone and sandstone 
in the facies study. 

Wavy-stratified siltstone and sandstone make up, 
on the average, about 12 percent of each of the 
sections of the upper part of the Chinle that were 
examined, but the percentage ranges from 0 to 38. 

For reasons that will be further discussed (see p. 
97), the wavy-stratified rocks are believed to have 
been deposited by the sheet-flow action of unconfined 
currents, or by waves, in shallow water. 

TROUGH-CROSS-STRATIFIED SANDSTONE, SILTSTONE, AND 

CONGLOMERATE 

Grouped as a lithologic type are those deposits of 
sandstone and, to a lesser extent, of siltstone and 
conglomerate in the upper part of the Chinle Forma
tion that are chiefly characterized by trough sets of 
small- to medium-scale low- and high-angle cross
strata. Limestone pebble conglomerate and calcare
nite, both in part cross bedded, are in some places a 
relatively abundant part of this category. The 
trough-cross-stratified rocks, particularly those in 
the sandier parts of the Church Rock Member, are 
commonly associated with cuspate-ripple-laminated 
strata. Some of these ripple-laminated strata grade 
laterally into trough-cross-stratified strata, and 
where this gradation can be shown to occur, the 
cuspate-ripple-laminated strata are included with 
the trough-cross-stratified rocks. The trough-cross
stratified rocks are the coarsest grained rocks in the 
upper part of the Chinle Formation and form cliffs 
and ledges on weathered slopes. They are generally 
interstratified with structureless or horizontally 
laminated siltstone. 

Trough-cross-stratified sandstone averages about 
20 percent of the upper part of the Chinle Formation 
in the sections examined but was found to range 
from 0 to 70 percent from section to section. 

For reasons to be discussed later, the trough-cross
stratified sandstone is believed to have been deposited 
by rather strong, but fluctuating, confined water 
currents, probably in or near stream channels. 
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l'LANAR-CROSS-STRATIFIED SANDSTONE 

The term "planar-cross-stratified sandstone" is 
applied to light-brown very fine grained well-sorted 
sandstone characterized by wedge- and tabular
planar sets of cross-strata that are predominantly 
medium scale, high angle, and tangentially inclined. 
Rock of this character generally weathers to form 
vertical or rounded cliffs or ledges and is commonly 
associated with wavy-~tratified sandy siltstone and 
structureless siltstone. 

Planar-cross-stratified sandstone is absent in the 
upper part of the Chinle Formation over most of the 
Colorado Plateau region. It occurs mostly in the 
Rock Point Member of the Wingate Sandstone, 
which is considered the lateral equivalent of the 
Church Rock Member of the Chinle Formation. 
Layers of this sandstone, which generally constitute 
less than 10 percent of the Rock Point Member, 
occur along the east side of the Defiance uplift in 
northeastern Arizona and adjoining parts of New 
Mexico. In the Zuni uplift, the Lukachukai Member 
of the Wingate Sandstone, which, as has already 
been said, is considered equivalent to the Rock Point 
Member and thus to the upper Chinle, consists 
chiefly of planar-cross-stratified sandstone - a fact 
that helps to account for the high proportion ( 41 to 
55 percent) of such rock in parts of New Mexico 
(table 4). 

Planar-cross-stratified sandstone is also present at 
Vernal, Utah (loc. U-41). There the upper part of 
the Chinle Formation contains two units that have 
horizontal laminae and thin to thick wedge-planar 
sets of small- to medium-scale cross-laminae. 

The planar cross-stratification in this rock is 
similar to that in modern sand dunes (McKee, 1957, 
p. 1718-1726), from which it is inferred that 
the planar-cross-stratified sandstone was probably 
formed by the accumulation of windblown sand into 
dunes. 

METHODS OF FACIES ANALYSIS 

The relative amounts of the five main lithologic 
types in the upper part of the Chinle Formation 
were measured at 87 localities scattered over the 
Colorado Plateau and adjacent regions. Most of the 
data at the control points are based upon sections 
measured by the authors, but a few stratigraphic 
sections, both published and unpublished, measured 
by other workers, were found suitable for use in the 
facies study. Only data from surface outcrops were 
used. Data obtained at each measured section are 
listed in table 4 and the location of these sections 
can be obtained from plate 1 and table 1. 

The general sedimentary trends of the upper part 
of the Chinle Formation are shown on a facies map 
(pl. 5) , developed as follows. 

Strata in the upper part of the Chinle at each 
control point were grouped into three categories 
on the basis of process of deposition. These cate
gories are (A) structureless siltstone and limestone 
believed to have formed by mechanical and chemical 
sedimentation in relatively quiet water; (B) trough
cross-stratified sandstone, siltstone, and conglomer
ate believed to have been deposited by fluctuating 
confined currents, such as those in stream channels; 
and (C) wavy-laminated siltstone to sandstone be
lieved to have been deposited or reworked by sheet
flow currents, bottom currents, and wave action. 
(See pl. 5.) Planar-cross-stratified sandstone cannot 
be fitted easily into this classification and is omitted 
from consideration. Such an omission, however, has 
little effect on the facies patterns, since rock of this 
type is relatively scarce in the Chinle Formation 
and related strata in the Colorado Plateau. 

The three categories of lithologic types listed 
above are treated as end members of a triangular 
diagram that is divided into fields ba-sed upon the 
ratios between the end members or a grouping of end 
members (pl. 5). These ratios are: 

Channel-deposit ratio: BIG 
and 

Current-deposit ratio: (B+C) I A. 
The method is analogous to facies differentiation 

based upon sand-shale and clastic ratios as used by 
Sloss, Krumbein, and Dapples (1949) ·except that 
differentiation of rock types is based upon inferred 
depositional process. As stated by Sloss, Krumbein, 
and Dapples (1949, p. 100), the ratios represent 
"indices of the relative amounts of material in the 
numerator of the ratio deposited per unit thickness 
of material ir the denominator." A channel-depo::;it 
ratio of 1.2 indicates that 1.2 feet of channel or con
fined-current deposits (trough-cross-stratified sand
stone, siltstone, and conglomerate) accumulated for 
every foot of sheet-flow or unconfined-current deposits 
(wavy-stratified siltstone to sandstone). A current-
deposit ratio of 1.2 indicates that 1.2 feet of current 
depo::;its (trough-cross-stratified sandstone, siltstone, 
and conglomerate plus wavy-stratified siltstone to 
sandstone) accumulated for every 1 foot of quiet
water deposits (structureless siltstone and lime
stone). 

The triangular diagram (pl.· 5) has been divided 
into eight fields. The horizontal lines dividing the 
diagram are based upon current-deposit ratios of 
0.125, 0.25, 0.50, and 1.0. The vertical line dividing 
the diagram is based upon a channel-deposit ratio 
of 1.0. The eight fields thus delimited have been 
assigned patterns and are used in the construction 
of the sedimentary-facies map of the upper part of 
the Chinle Formation (pl. 5). 



56 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

RESULTS OF FACIES ANALYSIS 

The distribution of facies in the upper part of the 
Chinle Formation (pl. 5) is rather irregular; but, 
in general, trough-cross-stratified and wavy-strati
fied rocks are abundant in the eastern part of the 
region and structureless siltstone and limestone are 
abundant in the western part. The general distribu
tion of facies shows little correlation with the thick
ness trends in the upper part of the Chinle Forma
tion as shown on the isopach map (pl. 5). 

One of the most evident features shown on the 
facies map is a rather narrow, slightly sinuous, 
northwest-trending belt of abundant cross-stratified 
sandstone, siltstone, and conglomerate extending 
from southwest Colorado into east-central Utah. Al
though the highest percentages of trough-cross
stratified rocks in this belt are in Utah, the highest 
proportion of total current deposits is at Sawpit, 
Colo. (loc. C-19), where they constitute about 84 
percent. of the upper part of the Chinle Formation. 

SEDIMENTARY PETROLOGY 
By R. A. CADIGAN 

The sedimentary petrology was studied chiefly to 
aid in determining the provenance and location of 
the source areas of the variety of clastic rocks that 
make up the Chinle Formation. This section of the 
report contains descriptions of the general texture 
and composition of these rocks and notes conspicuous 
regional differences in the composition of the rocks. 

Classified according to texture alone, these rocks 
are claystone, mudstone, siltstone, sandstone, and 
pebble conglomerate; classified according to com
position they are calcareous siltstone, c~lcarenite, 
limestone, sedimentary tuff, orthoquartzite, and 
arkose. The minerals that make up the sandstone and 
conglomerate are described first; then the minerals 
in the fine-textured clastic rocks and carbonate rocks. 
The petrography of the major stratigraphic units 
in the formation is summarized. 

The textural and compositional classifications used 
in this report are the same as described previously 
by the writer (Cadigan, 1967). 

SANDSTONE AND CONGLOMERATE 

The most common types of sandstone and con
glomerate in the Chinle Formation are, in order of 
abundance, feldspathic orthoquartzite (more than 9 
percent but less than 25 percent feldspathic com
ponents), orthoquartzite, tuff, feldspathic tuff, tuff
aceous orthoquartzite, and their calcareous varieties. 
The sandstone strata consist approximately of 45 
percent orthoquartzites, 35 percent tuffs, 15 percent 
arkoses, and 5 percent miscellaneous sedimentary 
rocks, mostly calcareous ones. "Orthoquartzite," a 
petrologic term, is used in preference to "quartzite," 
a field term, because the former can be more precise
ly defined than the latter. Descriptions of the com
ponents of the sandstones and conglomerates are 
given below. 

TABLE 4.- Data sheet for sedimentary facies study of upper part of Chinle Formation 
[A, Arizona; C, Colorado; NM, New Mexico; U, Utah] 

Locality 
No. 

(pl. 1; 
table 1) 

A-2 
A-3 
A-4 
A-6b 
A-7 
A-13 
A-14 
A-17 
A-20 
A-22 
A-26 
A-110 
C-2 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-13 
C-14a,b 
C-15 
C-16 
C-17 
C-18 
C-19 
C-20 
C-21 
C-38 
C-60 
C-63 
C-68 

Locality 
name 

Thickness 
of upper 
part of 
Chinle 

Formation1 

(feet) 

Black Mountain Wash ................................ 633.0 
Chee Dodge2 •••••••••••••••••••••••••••••••••••••••••••••••••• 844± 
Horse Mesa Creeks ...................................... 784+ 
Lukachukai Trading Post .......................... 922.4 
Lupton ............................................................ 312.1 
Owl Rock ........................................................ 517.1 
Round Rock .................................................. 794.1 
Cameron .......................................................... 209.8 
Lees Ferry ...................................................... 59.4 
Paint Pots ...................................................... 102.2 
Piute Canyon ................................................ 310.0 
Cove ................................................................ 864.2 
East Brush Creek ........................................ 1013.0 
South Canyon Creek .................................... 208.5 
Durango .......................................................... 528.3 
Bridgeport ...................................................... 141.3 
Carson Hole .................................................. 205.1 
The Palisade .................................................. 238.7 
The Serpents Trail ...................................... 98.0 
Cross Mountain anticline .......................... 234.1 
Miller Creek .................................................. 127.2 
Vermilion Creek .......................................... 73.0 
Stoner .............................................................. 768.2 
Paradox Valley .............................................. 529.5 
Ouray .............................................................. 127.8 
Aspen .............................................................. 377 .. 7 
Meeker ............................................................ 345.7 
Sawpit ............................................................ 473.4 
Unaweep Canyon .......................................... 109.6 
Dolores Canyon ............................................ 616.8 
Traver Creek ................................................ 290.0 
Dunton ............................................................ 647 
North Fork Escalante Creek .................... 228.3 
Dry Creek anticline ...................................... 517.9 

Trough
cross

stratified 
sandstone 

and 
siltstone 

B 

2.0 
4.9 

13.1 
5.8 

30.9 
16.5 

4.9 
2.7 
0 
0 

14.4 
8.0 

12.9 
10.8 
22.5 
17.3 
20.8 
20.4 

3.6 
69.2 

3.1 
0 
6.0 

22.2 
30.8 

4.3 
8.0 

45.3 
17.9 
16.9 
25.6 
24.0 
15.0 
33.7 

Wavy
stratified 

siltstone to 
sandstone 

c 

5.2 
15.4 
21.0 
21.3 
15.4 

5.5 
20.6 

0 
0 
0 
0 

21.0 
15.2 

0 
31.4 
28.3 
14.1 

1.1 
4.2 
4.1 
7.3 
4.5 

33.7 
15.9 
5.5 

10.6 
9.5 

38.4 
11.9 
10.2 
18.9 
12.0 
17.7 
31.4 

Structureless 
siltstone 

Percent 
A 

88.8 

46.6 
57.8 
50.7 
72.4 
71.2 
89.3 
63.9 
77.5 
72.6 
63.0 
71.9 
89.2 
46.1 
54.4 
65.1 
78.5 
92.1 
26.7 
89.6 
93.0 
60.3 
61.9 
63.8 
85.1 
82.5 
16.3 
70.2 
73.8 
55.5 
64.0 
67.3 
34.9 

73.2 

Limestone 

4.1 

2.0 
3.0 
3.1 
5.5 
3.4 
8.2 

36.1 
22.5 
12.9 

1.9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Planar
cross

stratified 
sandstone 

0 
6.5 

17.3 
12.1 

0 
0 
0 
0 
0 
0 
0 
6.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Ratio 

B 
c 

0.38 
.32 
.62 
.27 

2.0 
3.0 

.24 

.38 

.85 
00 

.72 

.61 
1.5 

19 
.88 

17.0 
.42 

0 
.18 

1.4 
5.6 

.41 

.84 
1.2 
1.5 
1.7 
1.3 
2.0 

.85 
1.1 

Ratio 

0.08 
.28 
.70 
.44 
.86 
.28 
.34 
.03 

0 
0 

.17 
.45 
.39 
.12 

1.2 
.84 
.54 
.27 
.08 

2.7 
.12 
.05 
.66 
.62 
.57 
.18 
.21 

5.1 
.42 
.37 
.80 
.55 
.49 

1.9 
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TABLE 4.- Data sheet fo?· sedintentary facies study of upper pa1·t of Chinle Fonnation- Continued 

Locality 
No. 

(pl. 1; 
table 1) 

C-76 
C-77 
NM-lb 
NM-2 
NM-4 
NM-5b 
NM-11 
NM-18 
NM-43 
NM-44 
U-1 
U-3 
U-4 
U-5 
U-6 
U-7 
U-8 
U-9 
U-10 
U-11 
U-13 
U-14 
U-15 
U-16 
U-18 
U-19 
U-20 
U-21 
U-25 
U-26 
U-27 
U-28 
U-29 
U-30 
U-31 
U-32 
U-33 
U-34 
U-35 
U-36 
U-37a,b 
U-39 
U-40 
U-41 
U-43 
U-44 
U-48 
U-133 
U-170 
U-171 
U-221 
U-222 
U-224 

Locality 
name 

Thickness 
of upper 
part of 
Chinle 

Formationt 
(feet) 

Rico ................................................................. . 
Specie Creek ................................................. . 
Chavez-Prewitt1 .••.....•••.......••....•...•...••....••...• 
Fort Defiance• ............................................... . 
'l'odilto Parlt• ............................................... . 
Zuni ................................................................. . 
Toadlena ............................ , ............................ . 
Bluewater Creek ........................................... . 
Cheechilgeetho ............................................. . 
Pot·t Wingate1 •••••••••••••••••••••••••••••••••••••••••••••• 

Lake Fork River ......................................... . 
Buckhorn Wash ........................................... . 
Cnne Wnsh ................................................... . 
Lucky Strike mine ..................................... . 
Muddy River ................................................. . 
Straight Wash ............................................. . 
Temple Mountain ....................................... . 
Buckacre Point ........................................... . 
Horse Canyon ............................................... . 
Muley Twist ................................................. . 
Range Canyon ............................................. . 
Silver Falls Creek ....................................... . 
South Block ................................................... . 
South Draw ................................................... . 
Richnrdson Amphitheater ......................... . 
Spring Canyon ............................................. . 
Moab Canyon .............................................. .. 
West water Canyon ..................................... . 
Bears Ears ..................................................... . 
Bridger Jack Mesa ..................................... . 
Comb Wash .................................................. .. 
Cottonwood Creek ....................................... . 
Hite ................................................................. . 
Jacobs Chair ................................................ .. 
Johnson Creek ............................................ .. 
Lockhart Canyon ........................................ .. 
Milk Ranch Point ....................................... . 
Monitor Butte ............................................... . 
N01·th Sixshooter Peak ............................. . 
Poncho House ............................................... . 
Rincon ........................................................... . 
Tnylor Cnnyon ............................................ .. 
ClifT Creek ..................................................... . 
Vernal ............................................................. . 
Chimney Rock ............................................. . 
Millard Canyon .......................................... .. 
Mexican Bend ............................................... . 
Dry Gulch ..................................................... . 
Idle Day claim ............................................ .. 
Little Valley ................................................. . 
Cnne Spring Wash ..................................... . 
Clay Hills Pass ............................................. . 
Red House .................................................... .. 

571 
575 
110.7 
656± 
670± 
199.3 
796.7 
216.9 
281.4 
273.0 
136.8 
194.7 
178.0 
167.4 
138.5 
251.9 
256.3 
333.5 
163.8 
327.2 
359.2 
205.7 
380.0 
118.3 
295.5 
319.0 
238.2? 

78.2 
512.3 
495.3 
(i27.1 
485.7 
258.0 
373.4 
567.6 
383.2 
541.1 
403.1 
420.0 
572.9 
366.5 
295.5 

94.3 
134.6 
147.9 
378.3 
181.8 
109.2 
365.5 
356.3 
324.0 
391.7 
427.0 

Trough
cross

stratified 
sandstone 

and 
siltstone 

B 

21.2 
47.8 

0 
5.5 
8.4 

69.9 
3.6 
0 

60.9 
6.4 

21.0 
45.3 
42.0 
41.4 

7.4 
55.9 
63.7 
17.5 

6.3 
6.8 
9.0 
8.9 

12.1 
9.6 

29.4 
68.2 
53.2 
0 
6.2 
6.4 

15.8 
12.5 
20.6 

9.8 
6.7 

14.4 
6.1 

23.2 
6.8 

19.8 
13.2 
28.9 
19.3 

6.2 
0 

13.1 
35.5 
9.8 

26.3 
31.4 
36.7 
20.9 
17.1 

Wavy
stratified 

siltstone to 
sandstone 

c 

19.4 
24.9 
31.6 

5.2 
10.3 
14.8 
18.7 
21.4 
27.2 
24.6 
37.0 

3.1 
10.7 

2.4 
0.7 
6.6 
1.6 
0 
0 
0 
3.2 
0 
0 
2.9 
6.6 

19.6 
7.0 
9.0 
7.5 
8.4 

15.8 
2.1 

20.4 
13.9 
14.8 

9.5 
3.1 
2.0 
5.1 
9.7 
6.2 

15.6 
4.2 

37.5 
0 
4.5 
7.7 

18.8 
17.5 
25.7 
25.4 
5.0 
0.8 

Structureless 
siltstone 

Percent 
59.4 
27.3 
23.2 

9.3 
71.2 
78.6 
11.9 
9.2 

42.0 
51.6 
47.3 
56.1 
85.9 
36.5 
40.4 
80.1 
89.4 
88.2 
86.9 
80.8 
84.1 
74.6 
64.0 
21.0 
39.8 
91.0 
86.4 
81.1 
66.7 
82.3 
52.8 
72.5 
74.6 
76.1 
87.8 
67.9 
83.7 
68.3 
76.9 
64.0 
76.5 
31.0 
87.1 
74.2 
56.9 
71.4 
56.2 
42.9 
37.9 
72.0 
78.8 

A 

82.8 
72.9 

Limestone 

0 
0 
4.5 

0 
4.3 
0 
0 
4.4 
0 
0 
0 
0 
5.9 
1.0 

. 4.2 
2.4 
4.3 
5.0 
0.9 

10.3 
3.8 

12.8 
0 
1.2 
0 
0 
1.0 
4.1 
1.6 
3.0 
6.2 
3.8 
4.0 
0 
3.0 
6.9 
4.8 
2.1 
3.8 
1.6 
0 
0 

12.9 
8.2 
0 
0 
0 
0 
0 
2.1 
3.2 

Planar
cross

stratified 
sandstone 

0 
0 

40.7 
6.4 
8.5 
6.0 
1.6 
0 
0 

55.6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Ratio 

B 
c 

1.1 
1.9 
0 
1.0 
0.81 
4.7 

.21 
0 
2.2 

.26 

.67 
14.6 
3.9 

17 
9.6 
8.6 

34 

2.8 

3.3 
4.4 
3.0 
7.6 
0 

.69 

.76 
1.0 
6.0 
1.0 
.71 
.45 

1.5 
1.9 

11.5 
1.3 
2.0 
2.1 
1.8 
4.6 

.16 

2.9 
4.6 

.52 
1.6 
1.2 
1.4 
4.2 

21 

Ratio 

.69 
2.7 
1.1 
0.13 

.26 
9.2 

.30 

.27 
7.4 
2.3 
1.4 

.94 
1.1 
.78 
.09 

1.7 
1.2 
.21 
.07 
.07 
.14 
.10 
.14 
.14 
.56 

3.6 
1.8 

.10 

.15 

.17 
.46 
.17 
.69 
.31 
.27 
.81 
.10 
.34 
.13 
.42 
.24 
.80 
.81 

1.4 
0 

.21 

.76 

.41 
.78 

1.8 
1.6 

.36 

.22 
1Wingate Sandstone (Lukachukai Member) in Zuni uplift included in the calculations of thickness and lithology of upper part of Chinle Formation. 
~Thickness of Owl Rock member, based on nearby thicknesses is assumed to be 331 feet. Owl Rock is assumed to consist of 2 percent trough-cross

stratified sandstone and 98 percent structureless siltstone and limestone. 
3Thickness of Owl Rock member, based on nearby thicknesses, is assumed to be 350 feet. This thickness is about 74 feet greater than that given in 

strutigraphic section A-4 and is estimated to consist of 72 feet of structureless siltstone and 2 feet of limestone. 
4Thickness of Owl Rock member, based on nearby thicknesses, is assumed to be 350 feet. Owl Rock is assumed to consist of 100 percent structureless 

siltstone and limestone. 

QUARTZ AND OTHER SILICEOUS COMPONENTS 

The dominant mineral in the sandstone and con
glomerate of the Chinle Formation is crystalline 
quartz in detrital monomineralic grains. Most single
crystal grains show unstrained extinction; quartz
crystal aggregates and some single-crystal grains 
show undulating extinction. Grains range in shape 
from angular to rounded. Some single-crystal ·grains 
show embayments suggestive of quartz of extrusive 
igneous origin. Inclusions are commonly crystals of 
potassic feldspar, tourmaline, needle-shaped rutile, 
and biotite; some crystals with particularly distorted 
extinction contain wavy, closely spaced bands of 
dustlike inclusions which in multicrystal grains cross 
crystal boundaries. Detrital quartz also occurs in 

several microcrystalline forms: as homogeneous 
grains of chert; as heterogeneous-appearing silici
fied-rock fragments containing microlites of mica, 
calcite, and clay minerals enclosed in a matrix of 
partially isotropic interstitial silica; as structure
less particles composed of poorly crystallized micro
crystalline quartz aggregates in a nearly isotropic 
silica-silicate or silica matrix, and which may be 
fragments of either devitrified glass or silicified 
limestone; and as fragments of silicified limestone 
containing filamentous algae or other microfossil 
structures. 

Quartz commonly forms authigenic optically ori
ented overgrowths on detrital quartz grains. Over
growths may form thin peripheral layers containing 
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saw-tooth projections or may form thick euhedral 
to subhedral shells which replace interstitial clay 
matrix and form the primary interstitial component 
or principal cementing component in a mosaic of 
quartz grains and interstitial crystalline quartz. 

Coarse-grained sandstone as in the Shinarump 
Member of the Chinle is most commonly cemented 
by mutually adhering quartz overgrowths which fill 
many of the interstices between grains but rarely 
produce a completely silicified rock. Some angular 
sand- to silt-size particles with low sphericity, ob
served in thin section, were formed by the ex
foliation and fracturing of grains in place, probably 
due to intrastratal compression. These particles are 
slightly displaced relative to one another and are 
separately enclosed in the interstitial clay matrix. 
Some of these brecciated grains had developed over
growths before being fractured, but there is no 
evidence of overgrowths formed afterward. 

FELDSPAR 

Detrital grains of feldspar constitute from 0 to 
60 percent of the volume of the sandstone strata; 
approximately three-fourths of the samples taken 
range from 5 to 20 percent feldspar. 

The Church Rock and red siltstone members of 
the Chinle Formation and the partly equivalent Do
lores Formation contain the highest overall propor
tion of detrital feldspar, although higher extreme 
percentages were observed in some strata of the 
Petrified Forest Member of the Chinle. The detrital 
feldspar includes the potassic varieties orthoclase, 
microcline, and sanidine, and the sodic varieties 
albite, oligoclase, and anorthoclase. Potassic-sodic 
sanidine and sodic-potassic anorthoclase are most 
common in the Petrified Forest Member. Microcline 
typically exhibits polysynthetic twinning. Albite and 
oligoclase, when twinned, exhibit albite and carlsbad 
twinning. Anorthoclase exhibits pseudopolysynthetic 
twinning. Most albite and othoclase grains do not 
exhibit twinning; rarely, orthoclase appears in 
carlsbad twins. Grain shapes range from rounded to 
angular and include euhedral cleavage fragments 
and phenocrysts. The albite-oligoclase grains appear 
more altered than orthoclase or microcline where all 
varieties are present. Albite tends to be replaced by 
calcite or to alter conspicuously to chlorite (chino
chlore ?) . 

VOLCANIC DETRITUS 

Volcanic detritus in the sandstone and conglom
erate of the Chinle Formation is most abundant 
along the southern margin of the region and de
creases in abundance northward. It is present in 
nearly all sandstone strata in the south, but in the 
sandstone in the central part of the region it tends 

to be concentrated in particular beds and lenses. It 
is most abundant in the Petrified Forest Member of 
the Chinle, constituting from a trace to approximate
ly 100 percent by volume of various sandstone strata 
of that member throughout the region; approximate
ly three-fourths of the strata contain from 5 to 20 
percent. Other members commonly containing vol
canic detritus include the Monitor Butte, Moss 
Back, Owl Rock, and Church Rock and equivalent 
strata. The red siltstone member of the Chinle and 
the equivalent parts of the Dolores Formation con
tain the smallest amounts. Three-fourths of all 
Chinle and equivalent sandstone strata, excluding 
the Petrified Forest Member, consist of approx
imately 3 to 10 percent volcanic detritus. 

The rock components termed "volcanic detritus" 
consist of devitrified and altered fragments of tuff 
and felsite and fine ash of potassic and sodic rhyolit
ic composition. Fragments of vitric, crystal, and 
lithic tuff are present. The vitric tuff, though 
devitrified and silicified, consists of feldspar in
clusions in a nearly isotropic siliceous matrix which 
in some grains shows relict vitrophyric structure. 
The crystal tuff is characterized by feldspar and 
biotite phenocrysts with a minimum of matrix. The 
lithic tuff consists of microcrystalline quartz with 
inclusions of mica, calcite, and feldspar. Some sodic 
vitric tuff fragments show incipient albitization with 
the formation of poorly crystallized anhedral albite 
within the siliceous matrix. Ash has been altered 
to interstitial cryptocrystalline, partly isotropic 
silica, clay minerals, and silicified relicts of pumice 
fragments and shards. Sodic and potassic tuffaceous 
detritus tend to alter to chloritic clay minerals and 
to montmorillonitic or kaolinitic clay minerals, 
respectively. Orthoclase and quartz, as determined 
by staining and X-ray techniques, compose the near
ly isotropic altered glass matrix observed in altered 
vitrophyric tuff fragments in some tuffaceous sand
stone beds of the Petrified Forest Member in south
western Utah. 

HEAVY MINERALS 

Detrital heavy-mineral grains in sandstone and 
conglomerate range in abundance from about 0.01 to 
1.00 percent by weight, with a median (middle 
value) of approximately 0.40 percent. Precise quanti
tative determinations of their total percentages are 
difficult because of the presence in some samples of 
relatively large amounts (forming from 2 to 65 
percent of the rock) of authigenic heavy minerals, 
particularly hematite and barite. The detrital min
eral species vary in kind and proportions in the 
different stratigraphic members, and to an even 
greater degree in different parts of the region. 
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Some notable occurrences of certain detrital heavy 
minerals include monazite in the Petrified Forest 
Member along the south-central border of the re
gion; staurolite in the Agua Zarca Sandstone Mem
ber; pale-green crystalline detrital penninite in the 
Poleo Sandstone Lentil ; and fracture fragments of 
subhedral columnar crystals of green epidote and 
euhedral crystals of biotite in samples of the Owl 
Rock Member in southeastern Utah. 

The minerals in the heavy-mineral concentrates 
are not limited to those described in the para
graphs to follow, but the listed minerals probably 
compose at least 98 percent of the detrital and 
authigenic heavy-mineral fraction in the Chinle 
Formation. 

The most plentiful detrital heavy-mineral grains 
are those of the iron oxide-titanium oxide group. 
Magnetite, magnetite-ilmenite, and ilmenite occur 
as metallic black euhedral to rounded vitreous
appearing grains and as earthy brown rounded to 
angular opaque grains. Leucoxene occurs as white 
opaque well-rounded spherical grains or as rims, 
halos, or seams on ilmenite and ilmenite-magnetite. 
Various combinations of magnetite, ilmenite, and 
their alteration products (hematite, anatase and 
leucoxene) occur also, as black, red, yellow, and 
white-mottled subrounded opaque to semiopaque 
grains. 

Zircon is the most plentiful of the nonopaque 
detrital heavy minerals and occurs in several vari
eties, including clear colorless or pale-pink rounded 
grains, colorless or pink metamict zircon in rounded 
grains or in euhedral crystals with pyramidal ter
minations, and colorless or pink clear euhedral crys
tals, some of which are elongate to lathlike and 
some of which have highly developed zoning struc
tures. All these varieties contain miscellaneous in
clusions. 

Tourmaline is present as rounded to angular 
fracture fragments and as euhedral prismatic 
columnar crystal fragments with hexagonal cross 
section; it exhibits many pleochroic color combina
tions, including blue and pink, but yellow, green, 
and brown shades predominate. Garnet is present as 
colorless, pale-yellow, or pink isotropic angular, 
subangular, or subrounded adamantine grains; sur
face structures include concave fractures and etched 
surfaces resembling an aggregation of parallel
oriented cubes. 

A few samples contain staurolite as pale-golden, 
slightly pleochroic, angular or splintery-looking frac
ture fragments or subrounded grains. Epidote occurs 
as fresh-looking subrounded characteristically pleo
chroic lemon-yellow to greenish-yellow grains and as 
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subangular to rounded slightly weathered pale-green 
to colorless grains with cleavage traces. Rutile occurs 
as reddish-brown to golden-brown, or rarely blood
red, rounded grains, and as subangular golden
brown crystal fragments that show cruciform twin
ning. 

A little apatite occurs as rounded, colorless, oval 
grains. Biotite occurs as dark-green and dark-brown 
subangular or subrounded pleochroic flakes and as 
subhedral hexagonal crystals or books, some of which 
have been partly or completely replaced by opaque 
microcrystalline hematite; some flakes are partly 
altered to chlorite or to a colorless mica. Muscovite 
occurs as angular to rounded low birefringent color
less to pale-green cleavage flakes. 

Brookite is present as brownish-orange, reddish
brown, and yellowish-brown slightly pleochroic sub
angular fracture fragments and as euhedral striated 
prisms. Collophane occurs in some samples as brown 
aggregates of microcrystalline isotropic grains 
which, though rounded, may be authigenic. Monazite 
is present in a few samples as rounded golden yellow 
grains that contain irregularly shaped brown in
clusions. 

Penninite ( ?) occurs as pale-green subangular 
crystal fragments that show the typical "ultra-blue" 
interference color under crossed nicols. 

The authigenic heavy minerals found in these 
rocks include hematite, barite, leucoxene, and per
haps anatase. Hematite occurs as red irregularly 
shaped interstitial mineral particles with trans
lucent borders; as translucent fine-silt-size blood-red 
euhedral crystals; and as opaque rounded detrital
grain-shaped subhedral particles which may be 
relicts of altered mafic minerals. Barite occurs as 
colorless irregular particles, some of them of ragged, 
and as rounded to euhedral crystals. Anatase occurs 
as pale-yellow cloudy amorphous irregular crystal 
aggregates and clear pale-yellow euhedral tabular 
crystals. Dull brassy pyrite occurs as subrounded 
particles, as cubes, or as aggregates of cubes, some 
of them partly oxidized. 

Authigenic leucoxene forms white semiopaque 
rims, halos, or bands on ilmenite and ilmenite-mag
netite grains. The anatase was probably derived 
directly from ilmenite or from the recrystallization 
of leucoxene; anatase never has the appearance of a 
detrital mineral when observed in thin section. 

CLAY MINERALS 

Most of the clay in the Chinle Formation, including 
that in sandstone and conglomerate as well as that 
in the fine-textured rocks, was produced by diagenesis 
and is thus authigenic rather than allogenic. Most of 
the clay minerals in these sediments are probably 
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alteration products of sediments derived from ex
trusive and intrusive igneous rocks including volcanic 
ejectamenta. A short discussion of clay minerals is 
given here. A more comprehensive study of the clays 
has been made by Schultz (1963). 

The dominant clay minerals in the sandstone and 
conglomerate strata of the Chinle are mica-mont
morillonite clays. These clays are colorless, pale 
greenish gray, or reddish, and they appear under the 
microscope as moderately well to poorly crystallized 
interstitial aggregates of microcrystalline platelets 
with low birefringence in an isotropic groundmass. 
Montmorillonite-mica mixed clays have a similar 
appearance but have a higher degree of preferred 
orientation of the platelets and significantly greater 
swelling properties. Mica clay occurs principally as 
colorless or red-hematite-strained highly birefringent 
well-crystallized rims on sand grains, particularly in 
red sandstones. 

Pale-green or colorless chlorite clays, in most in
stances mixed with montmorillonite, are abundant 
in sandstones containing relatively high proportions 
of sodic feldspar and sodic tuffaceous detritus. They 
commonly form the matrix of such a rock and also 
permeate fragments of feldspar and tuff as alteration 
products. The chlorite minerals in the clay have been 
tentatively identified as pennine and clinochlore. These 
are intermixed in various proportions with mica, 
mica-montmorillonite, montmorillonite, or, rarely, 
kaolinite clay minerals. 

Montmorillonite clay under the microscope appears 
as a brownish poorly crystallized interstitial crystal
line mineral; it shows a swirling pattern of oriented 
microcrystalline platelets against an isotropic 
groundmass. Kaolinite occurs in poorly to well
crystallized colorless worm-shaped aggregates of 
parallel platelets with high relief and low bire
fringence; kaolinite may be present in isolated wads 
in a matrix composed dominantly of other clays or 
may constitute the principal interstitial clay mineral 
in the rock. 

Mixed clays include both physical and mineralogical 
mixtures, either of which forms a relatively homo
geneous clay. The clay matrix of a sandstone may be 
either homogeneous or heterogeneous; that is, it may 
consist of either a single end member (for example, 
chlorite) or mixed clay (for example, mica-mont
morillonite) or be composed of two or more end 
members or mixed clays. 

The several clay minerals tend to be associated 
with sand-size detritus of related composition. 
Montmorillonite and montmorillonite-mica clays are 
commonly found with fragments of potassic or potas
sic-sodic tuff; kaolinite is abundant in strata contain-

ing much potassic feldspar; and chloritic clays are 
abundant in strata containing much sodic or sodic
potassic feldspar and tuffaceous detritus, as men
tioned on p. 58. Some rounded aggregates of 
montmorillonite clay in tuffaceous sandstone strata 
are apparently relicts of glassy tuff (pumice) 
fragments that have been completely replaced by 
clay. 

Kaolinite is significantly more abundant, on the 
average, in basal Chinle sandstone near uranium 
deposits than in similar sandstones in unmineralized 
areas. 

CEMENTING MINERALS 

Calcite is one of the two principal interstitial 
cementing minerals in the sandstone strata· of the 
Chinle; it occurs either as isolated anhedral octopus
like crystals or as a continuous coarsely crystalline 
cement which appears, in thin section, to replace 
some or most of the clay matrix as well as all or 
parts of some detrital grains, particularly feldspars. 
Calcite also occurs as microlites and euhedral 
rhombs suspended in the clay matrix and in altered 
mineral grains or rock fragments. 

Quartz, in the form of optically oriented over
growths or as aggregates of randomly polarized 
microcrystals, is the other principal cementing 
mineral in the sandstones. The overgrowths form 
either small euhedral prismatic projections on de
trital quartz grains, or, when further developed, 
externally euhedral shells around the grains. In 
many instances the expanding overgrowths appear 
to have replaced the matrix between grains to form 
a mosaic of quartz crystals separated by euhedral 
crystal boundaries. Where interstitial calcite cement 
is in contact with quartz overgrowths, the over
growths tend to be replaced, which suggests that the 
calcite cement formed later than the overgrowths. A 
matrix of microcrystalline quartz cement is com
posed of nearly isotropic silica; the cement is com
pletely anhedral in form and precipitates along the 
edges of interstices and builds out toward the center, 
apparently replacing any clay matrix present. In 
sedimentary tuffs, the microcrystalline quartz and 
silica form isolated blobs suspended in the altered 
ashy matrix which fills the interstices. 

Red and brownish-red iron oxide composed mostly 
of hematite,and probably derived from altered mafic 
minerals including biotite, is present interstitially in 
some sandstone strata but is of much less importance 
as a cement than calcite and quartz. It is conspicuous 
locally in some parts at least of almost every mem
ber of the Chinle and is the pigment of the red rocks. 
In some sandstone strata, hematite forms a massive 
dark-red opaque interstitial cement that is localized 
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in laminae, seams, and concretionary zones. It appears 
to entirely replace the clay matrix, previous cements, 
and part of the detrital grains. In a few places it 
forms as much as 65 percent of the rock. 

In most occurrences, particularly in red rocks, 
the hematite forms red dustlike microcrystals which 
impregnate the clay matrix or calcite cement in 
sandstone, siltstone or calcareous rocks. The degree 
of impregnation is roughly indicated by the degree 
of opacity of the interstitial material. The inter
stices of some such red sandstones are filled with 
what appears in thin section as a translucent homo
geneous mixture of mica clay, microcrystalline 
calcite, and microcrystalline hematite. 

Gypsum is rare as a cement in the sandstone of the 
Chinle Formation, and where present it forms 
bladed, fibrous, coarsely crystalline interstitial ag
gregates. It probably constitutes a late-forming 
cement. Gypsum is associated with calcite cement but 
tends to replace it as well as interstitial clay. 

Barite is common but sparse as a cement in sand
stone of the Chinle Formation and forms micro
scopic aggregates of radiating lathlike crystals which 
are associated with and partly replace calcite 
cement. It forms as much as 1 percent of the rock 
by volume. 

In areas of economically important mineraliza
tion, ore minerals of uranium and copper in sand
stone act as interstitial cements and appear to have 
replaced other cements as well as the clay matrices 
and parts of sand-size detrital grains. 

FINE-TEXTURED AND CARBONATE ROCKS 

The fine-textured rocks of the Chinle Formation 
contain essentially the same rock-forming compo
nents as the sandstone strata, but in different propor
tions and textures. The mudstone, siltstone, and 
claystone strata are approximately 10 percent ortho
quartzitic, 10 percent arkosic, 15 percent tuffaceous, 
and 25 percent graywacke; the remaining 40 percent 
consists of miscellaneous calcareous (25 to 75 per
cent carbonates) rocks. The graywackes are so 
classified because of their content of mica-mont
morillonite, chlorite, and mica clays. In some rocks, 
clays were probably diagenetically derived from ashy 
tufiaceous detritus. 

The fine-textured rocks contain, on the average, 
more calcite and more clay composed of mica-mont
morillonite and montmorillonite-mica mixed clays 
than the sandstones, and less kaolinite, quartz, and 
feldspar. They range widely in composition so that 
averages of mineral composition are not very mean
ingful. The red strata tend to be moderately to well 
consolidated and have quartz, calcite, clay, feldspar, 

and iron oxide as the chief constituents. The 
matrices of these rocks consist of mica-montmoril
lonite or mica clay impregnated with various propor
tions of microcrystalline calcite and red iron oxide. 
The gray and variegated strata, which are commonly 
bentonitic, include much poorly consolidated sediment 
in which montmorillonite, chlorite, mica-clay mineral 
mixtures, quartz, feldspar, and fine fragments of 
altered tuff are the important constituents. These 
rocks grade into the limestones or dolomites (75 
percent or more carbonate minerals) that are char
acteristic of the Owl Rock Member of the Chinle 
Formation. The calcite in the calcareous rocks 
appears to replace both fine and coarse tuffaceous 
detritus, and this fact, together with the presence of 
euhedral crystals of biotite and other minerals in 
some samples, suggests that the calcareous rocks in 
the variegated strata of the Chinle may have been 
formed in large part by the calcification of tuff
aceous sediments. 

The carbonate rocks, which are pale grayish green, 
pale purple, and mottled with pale red, are mainly 
calcitic but include a little interbedded dolomite. 
Many massive limestone strata contain large propor
tions of rounded sand- to pebble-size calcite concre
tions which show radiating crystal structures and 
tend to weather out to form what have locally been 
called "ball-bearing" slopes because of the hazards 
involved in traversing them on foot. Such concre
tionary beds resemble calcarenites but are not com
posed of detrital carbonate fragments. 

TEXTURE AND COMPOSITION OF VARIOUS 
STRATIGRAPHIC UNITS 

The texture and composition of strata in the 
Chinle Formation vary from one member to another. 
To show this in a general way, the textural and com
positional characteristics of the sandstone in various 
stratigraphic units in the Chinle Formation and 
related strata are summarized in table 5. The strati
graphic units shown are mottled strata, Shinarump 
and related members, Monitor Butte and related 
members, Moss Back and related members, Petrified 
Forest Member, Owl Rock Member, and Church 
Rock Member and related units. The general divi
sions are the same as used elsewhere in this report. 
(See· "Stratigraphy" part of report.) 

The sorting, skewness, and kurtosis classification 
systems used have been published previously (Cadi
gan, 1961, p. 130-131). The average values reported 
are based on the median rather than the mean. Al
though the ranges of values are large, differences 
between averages are significant. For example, 
certain sandstone of the Petrified Forest Member 
may resemble certain sandstone of the Shinarump 
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TABLE 5.- Approximations of grain-size distribution properties and proportions of certain mineral components of the sand-
stone in groups of similar stratigraphic units of the Chinle Formation and related strata 

Grain-size distribution properties 
Stratigraphic (range) 

units 
Grain size Sorting Skewness Kurtosis 

Church Rock Fine (very Moderate Moderate Moderate 
Member and fine (poor to (slight to (normal 
related units. to coarse). well). high). to very 

Owl Rock Member ...... Very fine Poor (poor Slight 
high). 

· Moderate 
(very fine to to well). (normal (negative 
granules). to high). to mod-

erate). 
Petrified Forest Fine (very Poor (poor Slight Moderate 

Member ·········-·········· fine to well.) (slight to (negative 
to coarse). high). to very 

high). 
Moss Back and Fine (very Moderate Moderate Moderate 

related members. fine (poor (low to (negative 
to granules). to mod- high). to high). 

erate). 
Monitor Butte and Very fine Moderate Slight Moderate 

related members. (very fine to (poor to (normal (negative 
granules). well). to high). to very 

Shinarump and Medium (very Moderate 
high). 

Moderate Moderate 
related members. fine to (poor to (negative (flattened 

granules). well). to very to very 
high). high). 

Mottled strata ............ Fine .................... Poor ............. .Slight ........... Moderate ...... 

Member, but most of the sandstone in the two mem
bers falls into two distinct populations. 

CONGLOMERATE STUDIES 
By WILLIAM THORDARSON, H. F. ALBEE, and J. H. STEW ART 

Studies were made of the composition, mean and 
maximum size, roundness, and sphericity of pebbles 
in most of the conglomeratic units of the Chinle and 
Dolores Formations. These studies were designed to 
determine whether regional differences exist in the 
types of pebbles in the conglomeratic units, and to 
aid in determining the source rocks and source direc
tions of the sediments composing these formations. 

The term "pebble" as used in this section of the 
report denotes any rounded fragment of granule, 
pebble, cobble, or boulder size contained in a con
glomeratic unit. 

Special collections were made of pebbles contain
ing fossils. These fossils were identified by Richard 
Rezak, L. G. Henbest, Helen Duncan, G. A. Cooper, 
Mackenzie Gordon, Jr., and Ellis Yochelson, all of 
the U.S. Geological Survey. 

METHODS OF PEBBLE ANALYSIS 

SAMPLING 

Pebbles were collected from most of the conglom
eratic units of the Chinle and Dolores Formations at 
113 sites throughout the Colorado Plateaus province 
and adjoining regions (figs. 25 and 26). The sample 
site numbers used in the pebble studies (figs. 25 and 
26, and table 6) are not the same as locality numbers 
used in the description of the stratigraphy and 
sedimentary facies of the Chinle Formation (pl. 1 
and table 1) . The number of pebbles collected at any 
one site ranged from 47 to 150 (table 6). Fifty 
pebbles were collected at most sites, and this number 

Average percent (and range) of some mineral 
components present Principal 

Quartz Sodic Potassic Volcanic Calcite 
rock types 

feldspar feldspar detritus 
47 7 9 2 15 Arkose, ortho-

(20-86) (0-30) (0-24) (0-32) (0-70) quartzite, and 
tuff. 

5 2 <1 30 55 Tuff, ortho-
(0-35) (0-17) (0-4) (2-55) (0-74) quartzite, and 

limestone. 

35 5 6 25 2 Tuff and arkose. 
(1-80) (0-36) (0-25) (0-95) (0-68) 

70 5 2 3 7 Orthoquartzite, 
(30-85) (1-23) (0-7) (1-19) (0-40) arkose, and tuff. 

57 2.5 6 3 5 Orthoquartzite 
(5-85) (0-22) (0-15) (0-84) (0-70) and tuff. 

68 1 2 4 <1 Orthoquartzite 
(11-90) (0-9) (0-16) (0-63) (0-40) and tuff. 

6.5 <1 <1 <1 <1 Orthoquartzite 
(55-75) (0-31) (0-11) and tuff. 

seems to be adequate to show major regional varia
tions within a member and to show major differ
ences between members. 

The conglomerate layers in the Chinle and Dolores 
Formations commonly contain two kinds of pebbles: 
those that are resistant to erosion (quartz, quartzite, 
chert, and igneous and metamorphic rocks) and 
were probably derived from distant source areas, 
and those that are relatively nonresistant (limestone 
and siltstone) and probably came from nearby 
sources. In this study only the pebbles of resistant 
rocks have been considered. 

Collections were made in most sites from pebbles 
lying loose on outcrops of conglomerate. Care was 
taken to select sample sites where contamination by 
younger, particularly Tertiary and Quaternary, con
glomerate or gravel layers was unlikely. In some 
areas the pebbles were chopped from the surface of 
an outcrop, which insured against any possibility of 
contamination. At most sites, the pebbles were col
lected in a surface area of no more than a few 
square feet- sometimes less than 1 square foot. All 
sizes and types of clasts within a specific surface area 
were collected, so that there would be no temptation 
to select the larger or more distinctive ·pebbles in 
preference to the smaller ones and those of the more 
common rocks. The maximum size of the pebbles 
found in the vicinity of each sample site was also 
measured, the pebble with the largest maximum 
diameter being considered the largest. In some 
places, special collections were made of pebbles con
taining fossils or composed of volcanic material. 

COMPOSITION 

The pebbles consist mainly of quartz, quartzite, 
and chert, although pebbles of igneous rocks occur 
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FIGURE 26.- Location of samples from the Gartra Member, basal sandstone unit, Agua Zarca Sandstone Member, sandstone 
member, and Shinarump (or Shinarump(?)) Member of the Chinle Formation. 

at some sites. The ter1n "chert" as applied in this 
report includes sedimentary chert and also other 
kinds of cryptocrystalline quartz such as jasper, 
·chalcedony, and agate. After measurements of size, 
roundness, and sphericity, each pebble was broken 
to determine its lithology. 

SIZE 

The long, intermediate, and short diameters of 
each pebble were measured. The mean of the inter
mediate diameters, referred to as the mean size, was 
computed for each sample (table 6). The mean size 
of the pebbles of each lithologic type was also deter-

I mined for many samples (table 6). Generally 5 to 
20 percent of the pebbles in a sample were broken, 
either by weathering or in the process of detaching 
them from consolidated rock, and their size was not 
included in calculating the mean. 

ROUNDNESS AND SPHERICITY 

Roundness and sphericity of pebbles were deter
mined by methods proposed by Krumbein (1941). 
Roundness was determined by comparison with 
images of pebbles that grade in roundness by tenths 
from 0.1 (least round) to 0.9 (most round). In
dividual pebbles generally ranged in roundness from 
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EXPLANATION 

SAMPLE SITES 

0 

Moss Back Member 

Dolores Formation 

0 

Poleo Sandstone Lentil 

Sonsela Sandstone Bed 

• 
Mesa Redondo Member 

NEVADA 

FIGURE 26.- Location of samples from Mesa Redondo Member, Moss Back Member, Poleo Sandstone Lentil, Sonsela Sand
stone Bed, and Petrified Forest Member of the Chinle Formation and from basal unit and lower member of the Dolores 
Formation. 

0.4 to 0.7. Sphericity was determined from ratios of 
the lengths of the long, intermediate, and short 
diameters of the pebbles. The determinations of 
roundness and many of the measurements of sphe
ricity are accurate to only one significant figure, as 
given in table 6. 

The average roundness and sphericity varied only 
slightly, if at all, from site to site and from unit to 
unit. The average roundness is generally 0.5 to 0.6, 
and the average sphericity, 0.7 to 0.8 (table 6). 

RESULTS OF PEBBLE STUDIES 

SHINARUMP MEMBER OF CHINLE FORMATION 

The Shinarump Member, including probable 
correlatives in southern Nevada and west-central 
New Mexico, is widely distributed on the Colorado 
Plateau. Forty-nine samples have been collected 
from this member (table 6) . 

Quartz, quartzite, and chert are the dominant 
types of pebbles in the Shinarump Member. The 
percentages of these types vary greatly from area 
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TABLE 6.- Co1nposition, size, 1·oundness, and sphericit·y of pebbles from the Chinle and Dolores Formations 
[Avg, average; Qtz, quartz; Qtzt, quartzite; Cht, chert. Dashed line indicates no information available] 

0 z 
~ 
2 
Q. 

E 
d rn 

Location 

rn 
<:> 

::c 
.!:1 

<:> 
Q. 
.... 
0 

~ 
.!:1 
E z 

1 37°50' N., 110°21' W.................... 50 
2 37°48' N., 110°17' W ..................... 50 
3 37°45' N., 110°03' W ..................... 50 
4 37°41' N., 110°12' w ................... _ 50 
5 37°38' N., 110°12' W.................... 50 
6 37°32' N., 110°17' W..................... 50 
7 37°37' N., 110°22' W ..................... 50 

8 37°19' N., 110°46' W.................... 50 
9 Sec. 2, T. 41 S., R. 13 E............ 50 

10 Sec. 14, T. 43 S., R. 14 E............. 50 
11 Sec. 27, T. 43 S., R. 15 E............ 50 
12 36°52' N., 110°13' W..................... 50 
13 36°55' N., 109°52' W..................... 50 

14 Sec. 21, T. 8 N., R. 8 W............... 50 
15 Sec. 4, T. 4 N., R. 6 W................. 50 
16 Sec. 12, T. 4 N., R. 9 W............... 50 
17 Sec. 26, T. 2 N., R. 9 W............... 50 

18 Sec. 12, T. 1 S., R. 6 W.............. 50 
19 Sec. 17, T. 24 N., R. 30 E........... 50 
20 Sec. 28, T. 22 N., R. 29 E........... 50 

21 Sec. 20, T. 14 N., R. 16 W........... 50 
22 Sec. 30, T. 13 N., R. 16 W........... 50 

23 Sec. 16, T. 12 N., R. 28 E........... 50 
24 Sec. 5, T. 13 N., R. 26 E............. 50 
25 Sec. 3, T. 12 N., R. 24 E............. 50 
26 Sec. 18, T. 17 N., R. 21 E........... 50 

27 35°26' N., 111 °08' W..................... 50 
28 35°41' N., 111 °18' W..................... 50 
29 Sec. 20, T. 28 N., R. 9 E............. 51 
30 36°27' N., 111 °42' W..................... 50 
31 Sec. 14, T. 38 N., R. 5 E............. 50 

32 Sec. 24, T. 41 S., R. 2 W............. 50 
33 Sec. 32, T. 43 S, R. 4 W............. 50 
34 Sec. 18, T. 41 N., R. 1 W............. 50 
35 Sec. 34, T. 41 N., R. 4 W ............ 150 
36 Sec. 21, T. 39 N., R. 5 W............. 50 

37 Sec. 13, T. 18 S., R. 70 E............. 50 
38 Sec. 26, T. 17 S., R. 67 E............. 49 
39 Sec. 27, T. 21 S., R. 58 E............. 50 

40 37°03' N., 113°37' W..................... 50 
41 Sec. 22, T. 43 S., R. 11 W........... 50 
42 Sec. ~3. T. 40 S., R. 11 W........... 49 
43 Sec. 29, T. 38 S., R. 12 W.......... 50 
44 Sec. 12, T. 36 S., R. 11 W........... 50 

45 Sec. 31, T. 28 S., R. 4 E............... 50 
46 Sec. 2, T. 28 S., R. 5 E................. 50 
47 37°59' N., 111 °10' W.................... 50 
48 37°52' N., 111 °07' W..................... 50 
49 37°44' N., 110°58' W..................... 50 

Composition 
(percent) 

Qtz Qtzt Cht 

79 
92 
90 
96 
79 
86 
61 

37 
52 
28 
18 
44 
50 

48 
32 

264 
20 

16 
24 
18 

60 
56 

6 
2 

20 
6 

62 
35 
84 
30 
84 

12 
15 

6 
18 

5 

12 
18 
36 

88 
18 
37 
14 
42 

27 
63 
39 
79 
44 

17 
6 

10 
4 

21 
9 

34 

30 
6 

40 
24 
10 
12 

18 
44 

210 
57 

26 
26 
42 

26 
10 

34 
60 
46 
46 

20 
16 
10 
60 

4 

32 
61 
45 
67 
39 

48 
33 
18 

4 
34 
43 
62 
10 

49 
17 
17 
12 
23 

4 
2 
0 
0 
0 
5 
5 

33 
42 
32 
58 
46 
38 

34 
24 

224 
23 

58 
50 
40 

14 
34 

60 
38 
34 
48 

18 
49 

6 
10 
12 

56 
24 
49 
15 
56 

40 
49 
46 

8 
48 
20' 
24 
48 

24 
20 
44 

9 
33 

Avg 

12 
19 
24 
26 
25 
25 
19 

8 
21 
11 

5 
8 

15 
23 
13 
12 

21 
17 
21 

17 
6 

16 
23 
27 
23 

15 
15 
20 
16 
17 

18 
22 
23 
17 
22 

13 
15 
10 

16 
20 
15 
24 

9 

14 
13 
15 
15 
16 

Mean sizes 
in samples 

(mm) 

Qtz Qtzt 

7 
12 
12 

5 
8 

13 
14 
12 
8 

13 
11 
15 

15 
5 

15 
15 
22 
25 

14 
15 
19 
15 
17 

17 

10 
13 

9 

15 

11 
17 

8 

9 
26 
11 
10 
10 

23 
29 
20 
14 

32 
20 
28 

24 
10 

20 
24 
25 
20 

18 
19 
20 
17 
13 

16 

15 
18 
11 

26 

20 
25 
11 

Cbt 

9 
19 
10 

5 
8 

14 
20 
15 
10 

17 
19 
15 

14 
7 

15 
21 
32 
25 

14 
14 
25 
19 
14 

18 

11 
14 

9 

23 

12 
28 

9 

Maximum sizes 
in vicinity of 
sample site 

(mm) 

Qtz Qtzt Cht Avg 

25 
38 
66 
20 
31 

76 
69 
66 
15. 

41 
58 
89 

66 
28 

94 

83 
70 
51 
64 

38 

58 
46 
25 

81 

99 
48 
20 

58 
45 

40 
63 
85 
80 
97 

125 
85 

58 
46 
86 
84 
38 

102 

114 
102 

41 
41 

102 
99 

127 

74 
38 

254 
150 
160 
117 

76 
102 
102 

70 

64 
93 

113 
127 

93 

58 
120 

51 

84 
113 
150 

94 
58 

63 

46 
46 

102 
28 
23 

56 
51 
41 
20 

99 
102 
280 

38 
20 

165 
150 
142 
284 

76 
64 
70 
70 

51 

61 
76 
64 

53 

74 
64 
31 

45 
38 

0.6 
.6 
.6 
.6 
.6 
.6 
.6 

.6 

.6 

.6 

.5 

.6 

.6 

.6 

.5 

.6 

.6 

.6 

.6 

.6 

.5 

.6 

.6 

.7 

.6 

.5 

.6 

.6 

.6 

.5 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.7 

.6 

.5 

.5 

.6 

Roundness 

Qtz Qtzt 

0.6 
.5 
.7 
.5 
.6 

.6 

.6 

.5 

.6 

.6 

.6 

.5 

.5 

.5 

.7 

.7 
-~ 

.5 

.6 

.6 

.6 

.5 

.6 

.5 

.6 

.6 

.6 

.6 

.6 

.6 

0.6 
.7 
.5 
.6 

.6 

.6 

.6 

.6 

.6 

.7 

.6 

.6 

.5 

.7 

.7 

.7 

.7 

.5 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.5 

Cht 

0.6 
.6 
.6 
.6 
.6 

.6 

.6 

.6 

.6 

.6 

.5 

.5 

.5 

.5 

.5 

.6 

.6 

.6 

.5 

.5 

.5 

.5 

.5 

.4 

.6 

.6 

.6 

.5 

.7 

.6 

Avg 

0.8 
.8 
.8 
.8 
.8 
.8 
.8 

.7 

.7 

.8 

.7 

.8 

.8 

.8 

.7 

.8 

.7 

.7 

.8 

.7 

.7 

.7 

.7 

·.8 
.7 
.7 
.7 
.8 

.8 

.7 

.7 

.8 

.7 

.8 

.8 

.8 

.7 

.7 

.8 

.8 

.8 

.7 

.8 

.7 

.8 

.7 

Sphericity 

Qtz Qtzt 

0.7 

.7 

.8 

.8 

.8 

.8 

.8 

.7 

.8 

.8 

.8 

.8 

.9 

.7 

.8 

.8 

.7 

.7 

.7 

.8 

.8 

.7 

.8 

.8 

.7 

.8 

.8 

.8 

.7 

.8 

.7 

.8 

.8 

.8 

.7 

.7 

.7 

.7 

.6 

.7 

.7 

.7 

.7 

.8 

.7 

.8 

.7 

.7 

.8 

.8 

.8 

.8 

.8 

.7 

Cht 

0.7 

.7 

.8 

.7 

.8 

.8 

.7 

.8 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.8 

.8 

.7 

.7 

.9 

.8 

.7 

.7 

.8 

.7 

.7 

.7 

.8 
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TABLE 6.- Composition, size, roundness, and sphericity of pebbles from the Chinle and Dolores Formations- Continued 

ci z 
~ 

C1l 

c. 
s 
"' rn 

Location 

rtJ 
C1l 

:c 
..:. 

C1l 
p. 

.... 
0 

~ 
..:. 
s 
;:I 

z 

50 Sec. 4, T. 15 N., R. 1 E............... 50 
51 Sec. 13, T. 18 N., R. 1 W............. 50 

52 Sec. 1, T. 20 N., R. 1 W............... 50 
53 Sec. 20, T. 23 N., R. 1 E............. 50 
54 Sec. 11, T. 22 N., R. 3 E............. 50 
55 Sec. 8, T. 23 N., R. 5 E............... 50 

56 Sec. 4, T. 25 S., R. 22 E............... 50 

57 Sec. 7, T. 6 S .• R. 83 W ............... 100 
58 Sec. 16, T. 4 S., R. 83 W ........... - 50 
59 Sec. 26, T. 2 S., R. 83 W............. 50 
60 Sec. 9, T. 2 S., R. 84 W............... 50 

61 Sec. 27, T. 4 S., R. 92 W ............. ~i:1~ 
62 Sec. 30, T. 4 S., R. 24 E............. 50 
63 Sec. 32, T. 2 S., R. 22 E.............. 50 
64 Sec. 8, T. 1 N., R. 5 W................. 50 
65 Sec. 28, T. 1 N., R. 7. W............... 50 

66 Sec. 23, T. 12 N., R. 24 E........... 50 

67 Sec. 15, T. 20 S., R. 11 E ............. 150 
68 Sec. 16, T. 26 S., R. 9 E. .............. 150 
69 Sec. 14, T. 25 S., R. 10 E. ............ 150 
70 Sec. 33, T. 23 S., R. 13 E ............. 150 
71 38°06' N., 110°24' W .................... 150 
72 38°06' N., 110°06' W ..................... 150 
73 38°18' N., 109°53' W ..................... 150 
74 Sec. 36, T. 27 S., R. 19 E. ............ 150 
75 Sec. 24, T. 27 S., R. 17 E. ............ 150 
76 Sec. 33, T. 35 S., R. 17 E ............. 150 
77 37°47' N., 109°48' W .................... 150 
78 37°58' N., 109°41' w ................... _ 150 

79 Sec. 8, T. 23 N., R. 5 E............... 50 
80 Sec. 11, T. 22 N., R. 3 E............. 50 
81 Sec. 17, T. 23 N., R. 1 E............. 50 
82 Sec. 1, T. 20 N., R. 1 W............... 48 

483 Sec. 9, T. 2 N., R. 4 W ............... _ 50 
484 Sec. 5, T. 4 N., R. 5 W................. 50 

85 Sec. 5, T. 12 N., R. 11 W ........... - 50 
86 Sec. 10, T. 13 N., R. 13 W........... 50 
87 Sec. 8, T. 14 N., R. 16 W ........... _ 47 
88 Sec. 7, T. 12 N., R. 16 W............. 50 
89 Sec. 8, T. 11 N., R. 15 W ........... _ 49 
90 Sec. 24, T. 10 N., R. 14 W........... 50 
91 Sec. 17, T. 8 N., R. 20 W............. 50 
92 Sec. 22, T. 12 N., R. 24 E.......... 50 
93 Sec. 25, T. 17 N., R. 23 E.......... 50 
94 Sec. 33, T. 22 N., R. 30 E........... 49 
95 Sec. 17, T. 15 N., R. 10 W............ 49 
96 Sec. 27, T. 2 N., R. 9 W.............. 49 
97 Sec. 32, T. 1 N., R. 5 W............ 49 
98 Sec. 30, T. 4 N., R. 5 W.............. 49 
99 Sec. 20, T. 8 N., R. 7 W.............. 50 

Composition 
(percent) 

Qtz Qtzt Cht 

18 10 72 
66 26 8 

28 16 56 
12 6 82 
52 48 0 
44 54 2 

84 16 0 

86 4 10 
94 2 4 
82 6 12 
98 2 0 

95 5 

98 0 2 
398 30 30 

96 4 0 
96 0 4 

2 

16 
21 

9 
13 

9 
13 
12 

8 
9 
9 

20 
6 

30 
44 
62 
92 

18 
10 
20 
4 
4 
2 
8 
2 
2 
0 

50 
2 
0 

50 
4 
6 
2 

20 

65 
61 
31 
26 
28 
48 
28 
33 
49 
48 
46 
18 

2 
4 
2 
4 

30 
14 
40 
20 
11 
18 
14 
0 
4 
8 

52 
16 

0 
54 
18 

2 
8 

78 

19 
18 
60 
61 
63 
39 
60 
59 
42 
43 
34 
76 

68 
52 
36 
4 

52 
76 
40 
76 
85 
80 
78 
98 
94 
92 

594 
82 

100 
592 

78 
92 
90 

Avg 

10 
13 

11 
12 
16 
20 

15 
17 
16 

16 
15 

9 
6 

18 

23 
16 
18 
17 
20 
20 
22 
21 
23 
17 
22 
19 

10 
5 
7 

·6 

11 
6 
8 

13 
6 
7 

15 
14 
15 
11 
9 

13 
10 
11 
11 
10 
13 

Mean sizes 
in samples 

(mm) 

Qtz Qtzt 

12 9 
10 24 

12 18 
12 10 
12 23 
10 20 

5 4 
5 5 
7 9 
5 7 

6 8 
11 14 

5 10 
.. 6 
8 24 
5 .... 
8 15 

10 
6 

9 12 

9 11 
9 10 
5 21 
8 12 

Cht 

10 
13 

8 
12 

12 
6 
8 

16 

9 
13 

6 
8 

14 
15 
16 
11 
9 

13 
10 
12 
11 
10 
13 

Maximum sizes 
in vicinity of 
sample site 

(mm) 

Qtz Qtzt Cht Avg 

58 
51 
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to area (table 6; fig. 27). In figure 27, data from 
individual sites within an area have been grouped 
together, and the mean of the individual studies 
(mean of the mean) and the expected range of this 
mean, within 95-percent confidence limits, have been 
calculated for the three lithologic types. Lines be
tween areas indicate where the expected range~s of 
the mean in the two areas, for one of the lithologic 
types, do not overlap. 

Perhaps the most significant difference in the 
relative amounts of ·quartz, quartzite, and chert 
between areas (fig. 27) is the high proportion of 
quartz in the White Canyon area and the low propor
tion of quartz in the Kanab and St. Johns areas. 

The mean sizes of the pebbles of the three types at 
individual sites range from 5 to 27 mm (table 6), 
but this wide variation in mean appears to have 
little, if any, regional significance. 

The maximum sizes of pebbles of quartz, quartzite, 
and chert do, however, show significant regional 
variation (fig. 28). Sizes exceed 200 mm (the largest 
was 284 mm) in the southernmost part of the area 
of distribution of the Shinarump Member and are 
less than 50 mm in the eastern (northeastern 
Arizona) and in the northernmost parts of that area. 
The maximum sizes also appear to be unusually high 
in southeastern Utah (White Canyon, sites 1-7, 
table 6), as compared with those in areas to the 
south in northeastern Arizona (fig. 28). Some of the 
data in figure 28 are from individual observations 
not listed in table 6. 

Fossiliferous chert pebbles in the· Shinarump 
Member contain fusulinids, brachiopods, bryozoans, 
and, to a lesser extent, pelecypods, gastropods, crinoi
dal material, and corals (table 7). The fusulinids 
include Schwagerina sp. (middle Wolfcamp to Leo
nard age, Permian) and Parafusulina sp. (Leonard 
and Guadalupe age, Permian). The brachiopods in
clude Dictyoclostus sp. and Enteletes sp., most likely 
of Pennsylvanian and Permian age. The bryozoans 
include Fenestella and suggest a possible Permian 
age. Most of the fossils in the pebbles of the Shinar
ump Member probably came from Permian rocks. 
Many of them are similar to those occurring in the 
Kaibab Limestone, or equivalent formations, of 
Permian age. Some of them may be from rocks of 
Pennsylvanian or even Mississippian age, but these 
designations are uncertain. 

A few pebbles of volcanic material occur in the 
Shinarump Member in the Cameron area and in a 
possible correlative of the Shinarump Member in an 
area about 25 miles north of Flagstaff, Ariz. The 
largest volcanic cobble noted (205 mm) was in this 
area north of Flagstaff. Most of the volcanic pebbles, 

however, are between 25 and 50 mm in maximum 
diameter. The abundance of potassium feldspar and 
quartz phenocrysts indicates that these pebbles are 
of rhyolitic comp.osition. The groundmass contains 
common relicts of glass shards and tuff particles, 
indicating that many of the pebbles were probably 
originally vitric and crystal tuffs. 

SANDSTONE MEMBER AND AGUA ZARCA SANDSTONE 
MEMBER OF CHINLE FORMATION 

The sandstone member and the Agua Zarca Sand
stone Member occur at the base of the Chinle Forma
tion in north-central New Mexico (fig. 28). The two 
members may be laterally continuous, at least in 
part, with one another. 

Only two samples were collected in the sandstone 
member. One contained abundant chert (site 50, table 
6) ; the other, abundant quartz (site 51, table 6). 
The maximum size of pebbles noted in this member 
was 152 mm (fig. 28; table 6). 

Four samples were collected from the Agua Zarca 
Sandstone Member. These samples show considerable 
variation in the relative amounts of quartz, quartz
ite, and chert (table 6). The member characteristi
cally contains pebbles of very coarse grained 
quartzite or quartzite conglomerate that are com
monly 50 to 75 mm in diameter and rarely as much 
as 250 mm in diameter. Granite pebbles and cobbles 
as much as 100 "mm in diameter also occur in the 
member but are rare. 

The maximum sizes of pebbles in the Agua Zarca 
Sandstone Member range from 56 to 330 mm (fig. 
28). The largest clast in the Agua Zarca, a quartzite 
boulder, was the largest clast noted in any unit in 
the Chinle Formation. 

BASAL SANDSTONE UNIT OF CHINLE FORMATION NEAR 
MOAB, UTAH 

One sample (site 56, table 6) was collected from 
the basal sandstone unit of the Chinle Formation at 
the Big Bend of the Colorado River near Moab, 
Utah. This unit has been described by Baker (1933, 
p. 37-38), by Dane (1935, p. 56), and by Shoemaker 
and Newman (1959, p. 1847-1848). The pebbles in it 
are 84 percent quartz and 16 percent quartzite, and 
the largest one noted was 86 mm in maximum 
diameter. 

GAR TRA MEMBER OF CHINLE FORMATION 

Nine samples were collected from the Gartt·a 
Member of the Chinle Formation in northeastern 
Utah and northwestern Colorado. Most of the pebbles 
are quartz ( 82 to 98 percent) (table 6) ; the others 
are quartzite and chert. The maximum pebble sizes 
in the member generally decrease irregularly from 
86 mm in northwestern Colorado to 23 mm in north-
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NUMBER PERCENT OF QUARTZ PERCENT OF QUARTZITE PERCENT OF CHERT 
AREA OF Expected Expected Expected 

SAMPLES Mean range of mean1 Mean range of mean 1 Mean range of meanl 

Southern Nevada 3 22 0-53 33 0-70 45 34-56 

St. George. Utah 5 40 3-76 31 1-60 29 7-52 

Kanab, Utah and Arizona 5 11 4-18 49 30-68 40 16-64 

Circle Cliffs. Utah 5 51 21-76 23 4-43 26 10-43 

White Canyon, Utah 7 83 72-94 15 5-25 2 0-6 
-· 

Monument Valley, Arizona and Utah 6 38 24-52 20 6-34 42 31-52 

Cameron, Arizona 5 59 27-91 22 0-59 19 0-41 

Northern Defiance uplift. Arizona 4 41 10-72 32 0-66 26 18-35 

Southern Defiance uplift, Arizona 3 19 9-30 31 9-54 49 27-72 

St. Johns, Arizona 4 8 0-21 47 31-65 45 27-63 

Zuni Mountains, New Mexico 2 58 33-83 18 0-100 24 0-100 

Numbers indicate the mean percent of the lithologic 
type in the circled areas. 
Lines connect areas where expected ranges of the 
mean, within 95-percent confidence limits, do not overlap. 

1 Within 95-percent confidence limits. 

FIGURE 27.- Regional differences in the proportions of quartz, quartzite, and chert pebbles in the Shinarump Member of the 
Chinle Formation. 

eastern Utah (fig. 28). A 99-mm clast was noted at 
one site in northeastern Utah. 

MESA REDONDO MEMBER OF CHINLE FORMATION 

One sample (site 66, table 6) was collected from 
the Mesa Redondo Member of the Chinle Formation 
in east-central Arizona. Most pebbles in this col
lection are chert (78 percent) ; the rest are qu.artzite 
(20 percent) and quartz (2 percent) (table 6). The 
f!Iaximum pebble size noted was 99 mm. 

MOSS BACK MEMBER OF CHINLE FORMATION 

Twelve samples were collected from the Moss Back 
Member in southeastern Utah. The average ratio of 
quartz, quartzite, and chert pebbles in this member, 
as indicated by a study of 3,000 pebbles, is 12: 40: 48 
(table 6; Albee, 1957, p. 140). The relative amount 
of quartz is low in all the samples, but the ratio 
between quartzite and chert varies considerably, 
quartzite being dominant in some samples and chert 
in others. In the samples studied, the proportion of 

quartzite appears to decrease southwestward and 
southeastward (fig. 29), but the sample sites were 
too widely scattered to afford clear evidence on this 
point. 

The maximum sizes of pebbles in the Moss Back 
Member app?.rently decrease from about 100 mm in 
the northeast to about 60 mm in the southwest (fig. 
29). This appearance, however, is also based on 
relatively few observations, and the decrease may be 
only apparent. If the sizes do in fact decrease south
westward, the direction is anomalous for the Chinle 
Formation, because as will be shown later, the direc
tion of dip of cross-strata indicates that the streams 
which deposited the Moss Back Member flowed 
northwestward and that, consequently, the sediment 
must have been derived from the southeast of south
eastern Utah. 

Fossiliferous chert pebbles from the Moss Back 
Member contain fusulinids, brachiopods, bryozoans, 
algae, and, to a lesser extent, gastropods, sponge 
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FIGURE 28.- Isopleth map of maximum sizes of pebbles to boulders (quartz, quartzite, and chert) in the Shinarump, 
Agua Zarca Sandstone, and Gartra Members and the sandstone member of the Chinle Formation. 



Locality 

Lat 37°32' N., long 
110°17' w. 

Sec. 31, T. 28 S., R. 
5 w. 

Lat 36°51' N., long 
109°53'10" W. 

Lat 36°50' N., long 
110°14' w. 

Sec. 26 or 27, T. 43 
S., R. 15 E. 

Sec. 32 ( ?) , T. 43 S., 
R. 4 w. 

Sec. 18, T. 41 N., R. 
1 w. 

Sec. 3(?), T. 39 N., 
R. 5 W. 

Sec. 20, T. 37 S., R. 
11 w. 

Sec. 24, T. 17 N., R. 
13 E. 

Near Cameron (data 
from McKee, 1936, 
p. 261). 
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TABLE 7.- Fossils f?·om chert pebbles in Shinarump Member of Chinle Formation 

Sample site No. 
(fig. 26) 

6 

45 

Near 
13 

Near 
12 

11 

33 

34 

36 

Near 
44 

Near 
29 

Fossils in chert pebbles 
(some localities include 

identifications from 
more than one pebble) 

White Canyon, Utah 

Fenestella sp. 
Fragment suggestive of Derbyia sp. or 

o~rthotetes sp. 
Fragment doubtfully suggestive of Schizo

dus sp. 
Indeterminate horn coral. 
Possible stenoporoid bryozoa. 

Circle Cliffs, Utah 

Indeterminate bryozoan. 
Possible Septopora sp. 

Monument Valley, Utah and Arizona 

Rhomboporid and stenoporid bryozoans. 
Indeterminable fragment of brachiopod. 

Cobble crowded with fusulinids but not 
preserved enough to tell if they are 
species of Schwagerina, "Dunbarinella/' 
and Pseudoschwagerina ( ?) or species 
of Parafusulina and advanced forms of 
Schwagerina. 

Poorly preserved brachiopods. 
Poorly preserved gastropod. 
Poorly preserved stenoporoid, ramose, and 

fenestrate- (Polypora ?) -bryozoans. 
Kanab, Utah and Arizona 

Enteletes sp. 
Schwage?"ina sp., advanced form. 
Parafusulina sp., primitive form. 

Fenestella sp. 
M ceko1Jo1·a? sp. 
Pa?·afusulina sp. 
Dictyoclostus sp. 
Crinoidal material. 

?Hustedia sp. 
?Ph1·icodothyris sp. 
Parafusulina sp., advanced form. 

Poorly preserved fragments of pele~y
pods, including indeterminate species 
of either Schizodus or Myophoria. 

Spandelina sp. 
Geinitzina sp. 

Sunset Mountain, Ariz. 

Parafusulina sp. aff. P. bakeri and P. 
sella1·dsi Dunbar and Skinner. 

Endothyra sp. 
Globivalvulina or Endothyra sp. 

Cameron, Ariz. 

Productus (Dictyoclostus) occidentalis 
Newberry. 

Crinoids, sections and stems. 

Age of chert 
(based on fossils) 

Bryozoans suggest derivation from Kai
bab Limestone of Permian (Leonard) 
age (Helen Duncan, written commun., 
1953). 

Late Pennsylvanian or Early Permian 
(Helen Duncan, written commun., 
1954). 

Most likely Permian (late Wolfcamp or 
Leonard) (L. G. Henbest, written com
mun., 1952). 

Bryozoans are believed to indicate Car
boniferous or Permian age (Helen Dun
can, written commun., 1953). 

Fusulinids indicate Permian (latest Wolf
camp or Leonard) age (R. C. Douglass, 
written commun., 1953). 

Crinoidal material and bryozoan frag
ments in some pebbles look like forms 
in Kaibab Limestone of Permian (Leo
nard) age (Helen Duncan, written 
commun., 1953). 

Parafusulina sp. indicates probable Per
mian (Leonard) age (R. C. Douglass, 
written commun., 1953). 

Parafusulina sp. indicates a Permian 
(Leonard or possibly as high as Gua
dalupe) age (R. C. Douglass, written 
commun., 1953). 

Permian (Leonard or Guadalupe) age. 
Kaibab Limestone or younger rocks 
would appear to be source (L. G. Hen
best, written commun., 1955). 

McKee (1938, p. 262) stated that these 
fossils are typical of marine facies of 
upper limestone member of Kaibab 
Limestone (Permian). This facies is 
restricted to an area west of a north
south line passing near Flagstaff, Ariz. 

spicules, ostracodes, echinoid spines, corals, and 
crinoidal material (table 8). The fusulinids include 
Pa'rafusulina sp., of Permian (Leonard or Guada
lupe) age. The brachiopods include Dictyoclostus, 
most likely of Pennsylvanian or Permian age. The 

bryozoans include H emit1·ya, probably of Late Mis
sissippian age, and Rhabdomeson, of Carboniferous 
or Permian age. The algae include Mizzia sp., which 
is restricted to the Permian, and Gymnocodium sp. 
Most of the fossils indicate rocks of Permian age, 
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FIGURE 29.- Isopleth map of maximum sizes of pebbles and cobbles (quartz, quartzite, and chert) and percentage of 
quartzite pebbles and cobbles in the Moss Back Member of the Chinle Formation. 
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TABLE 8.- Fossils f'rom che'rt pebbles in Moss Back Member of Chinle Fo,rmation 

Sample 
site 

location 

Sec. 10, T. 20 S., R. 
11 E. 

NE% sec. 6, T. 21 
S., R. 11 E. 

Sec. 12, T. 21 S., R. 
10 E. 

Sec.18(unsurveyed) 
T. 25 S., R. 11 E. 

Sec. 14, T. 22 S., R. 
10 E. 

Sec. 19 ( ?) , T. 23 S., 
R. 10 E. 

Sec. 23, T. 24 S., R. 
8 E. 

Sample site No. 
(fig. 26) 

66 

Near 66 

Near 66 

Near 68 

Lat 38°26'20" N., 74 
long 109°50'00" W. 

Lat 37°44'20" N., Near 70 
long 110°17'15" W. 

Lat 38°08'00" N., Near 71 
long 110°11'30" W. 

Lat 38°17'30" N., 72 
long 109°52'30" W. 

Sec. 16, T. 28 S., R. Near 73 
20 E. 

Sec. 21, T. 36 S., R. 75 
17 E. 

Sec. 1 (unsurveyed), 76 . 
T. 35 S., R. 19 E. 

Sec. 36 (unsurveyed), 77 
T. 32 S., R. 20 E. 

Fossils in chert pebbles 
(Some localities include identifications 

from more than one pebble) 

San Rafael Swell, Utah 

Mizzia sp. 
Gymnocodium sp. 

P1·oductus (Dictyoclostus) sp. (group of 
P. ivesi Newberry). 

Mizzia sp. 
Solenopo1·a? 
Small productid brachiopod, possibly Mar

ginifera or Aronia. 

H emitrypa sp. 
Tabulipora? sp. 
Penni?"etepora? sp. 
Reteporida? sp. 
Rhomboporid bryozoans. 

H emitrypa sp. 
Penniretepora? sp. 
A few indications of rhomboporid bryo-

zoans. 
Rhabdomeson '! sp. 
Fenestrate bryozoans. 

Bastromellid bryozoan. 

Pa?"afusulina sp. 

Near junction of Green and Colorado Rivers, Utah 

Endothyra. 
Spandelina ( ?) . 
Brachiopod fragments. 
Ostracode fragments. 

Elk Ridge-White Canyon, Utah 

Polytaxis sp. 
Pa'rafusulina sp. 
Pa'rafusulina maleyi? Dunbar and Skin

ner. 

Pugnoides pingus (Girty)? 

Polypo'ra sp. 
Stenoporid bryozoan. 
Several indeterminate brachiopods. 
Algae: 

Gymnocodium sp. 
Mizzia sp. 
Solenopo1·a? sp. 

Parafusulina sp. aff. P. bakeri and P. 
sella1·dsi Dunbar and Skinner. 

Marginiferoid brachiopod. · 
Crinoid columnals and possible ostracode. 

Rhabdomeson sp. 

Coral. 
Bryozoan. 
?Soonge spicules. 
Echinoid spines. 

B1·adyina sp. 
?Monaxon sponge spicules. 

Age of chert 
(based on fossils) 

Mizzia is known only from Permian Pe
riod (Richard Rezak, written commun., 
1954). 

Fossil is characteristic of Kaibab Lime
stone of Permian age (Mackenzie Gor
don, Jr., written commun., 1952). 

Mizzia is Permian in age (Richard Re
zak, written commun., 1954). 

Brachiopod is probably Pennsylvanian or 
Permian in age (Ellis Yochelson, writ
ten commun., 1954). 

This assemblage suggests Upper Missis
sippian rocks (Helen Duncan, written 
commun., 1953). 

Penni'retepo'ra? sp. and Rhabdomeson? 
sp. are probably Pennsylvanian or Per
mian in age (Helen Duncan, written 
commun., 1954). 

Fusulinid is believed to be Permian (late 
Leonard or Guadalupe) in age (L. G. 
Henbest, written commun., 1954). 

Probably Permian (L. G. Henbest, writ
ten commun., 1955). 

Permian (Leonard or Guadalupe) age is 
indicated by fossils (L. G. Henbest, 
written commun., 1953). 

This species is fairly common in Kaibab 
Limestone of Permian age (Mackenzie 
Gordon, Jr., written commun., 1955). 

Bryozoans are very much like types found 
in Kaibab Limestone of Permian age 
(Helen Duncan, written commun., 
1954). 

Mizzia is known only from Permian Pe
riod (Richard Rezak, written commun., 
1954). 

Fusulinid is Permian (Leonard or Gua
dalupe) in age (L. G. Henbest, written 
commun., 1955). 

Brachiopod is a new genus restricted to 
Permian (G. A. Cooper, written com
mun., 1955). 

This bryozoan is common in Pennsyl
vanian and Permian rocks of western 
United States (Helen Duncan, written 
commun., 1954). 

Coral and bryozoan are Carboniferous to 
Permian in age (Helen Duncan, writ
ten commun., 1955). 

B?"adyina sp. is Late Mississippian to 
Permian in age (L. G. Henbest, writ
ten commun., 1955). 
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probably the Kaibab Limestone or equivalent strata. 
Some may indicate rocks of Mississippian or Penn
sylvanian age. 

POLEO SANDSTONE LENTIL OF CHINLE FORMATION 

Four samples (table 6) were collected from the 
Poleo Sandstone Lentil in north-central New Mexico. 
The pebbles in some samples are predominantly 
quartz, whereas in others they are predominantly 
chert. Quartzite pebbles constitute a small part of 
all the samples. The proportion of quartz pebbles 
decreases gradually from 92 percent in the south
western part of the area of distribution of the lentil 
to 30 percent in the northeastern part. The percent
age of chert, on the other hand, gradually increases 
in the same direction from 4 to 68 percent. 

Maximum pebble sizes increase from 21 mm in the 
southwestern part of the area of distribution to 168 
mm in the northeastern part. 

SONSELA SANDSTONE BED OF PETRIFIED FOREST 
MEMBER OF CHINLE FORMATION 

Fifteen samples (table 6) were collected from the 
Sonsela Sandstone Bed of the Petrified Forest Mem
ber of the Chinle Formation in east-central Arizona 
and west-central New Mexico, and two samples 
(sites 83 and 84) were collected from a unit in the 
Puertocito-Riley area of New Mexico that is tenta
tively correlated with the Sonsela Sandstone Bed. 

The pebbles in the Sonsela Sandstone Bed, including 
tentatively correlative strata, are predominantly 
chert (table 6). The ratio of quartz, quartzite, and 
chert pebbles is 1: 8: 91 in the St. Johns-Petrified 
Forest National Park-Ojo Caliente area (samples 
at sites 92-94), 2: 6: 92 in the southern Defiance up
lift (samples at sites 95-99), and 7: 17:76 in the Zuni 
uplift area (samples at sites 85-90). 

The maximum pebble sizes in the Sonsela Sand
stone Bed range from 152 mm to 33 mm (fig. 30). 
They generally decr'ease to the north within the 
depositional area of the member. 

Some of the chert pebbles in the Sonsela Sandstone 
Bed contain fossils, including fusulinids, brachiopods, 
bryozoans, and pelecypods. These fossils have not 
been identified but are probably similar to those 
occurring in the Shinarump Member of the Chinle 
Formation. 

Volcanic pebbles occur in the Sonsela Sandstone 
Bed in east-central Arizona, but they generally con
stitute less than 4 percent of the total number of 

pebbles. The largest pebbles of volcanic material 
noted were about 50 mm in maximum diameter. The 
pebbles contain phenocrysts of plagioclase, quartz, 
and rarely biotite (Schultz, 1963, p. C37, and written 
commun., 1958). Many of the feldspars are altered 
to kaolinite. The plagioclase was not fresh enough to 
be optically identified except in a few pebbles, where 
it was found to be oligoclase (L. G. Schultz, written 
commun., 1958). The aphanitic groundmass gener
ally consists mainly of quartz and kaolinite; in a few 
pebbles it contains illite, chlorite, plagioclase, and 
possibly montmorillonite. It commonly contains 
relicts of glass shards and tuff particles. Many of 
the pebbles may originally have been vitric and 
crystal tuffs; some were probably vitrophyres. The 
phenocrysts of oligoclase and quartz and the lack 
or rarity of orthoclase or sanidine suggest that the 
pebbles in the Sonsela Sandstone Bed are of an in
termediate composition, perhaps quartz latite or 
dacite (Schultz, 1963, p. C37). 

PETRIFIED FOREST MEIVIBER OF CHINLE FORMATION 
EXCLUSIVE OF SONSELA SANDSTONE BED 

Ten samples (table 6) were collected from various 
conglomeratic sandstone units in the Petrified Forest 
Member, exclusive of the Sonsela Sandstone Bed, in 
east-central Arizona, southwestern Utah, and south
ern Nevada. The samples are from unnamed units 
mostly within the lower and middle parts of the 
member. 

The pebbles in these samples are mostly chert and 
quartzite; relatively few are of quartz. Finely crys
talline volcanic rocks constitute 20 percent of sample 
101 (east-central Arizona), 6 percent of sample 102 
(east-ceritral Arizona), 66 percent of sample 104A 
(southern Nevada), and 2 percent of sample 107 
(southwestern Utah). A few volcanic pebbles were 
also seen near sample sites 105, 106, and 108, al
though there are none in the collections made at 
those sites. 

The maximum size of pebbles in these units ranges 
from 38 mm for a chert pebble at sample site 108 to 
152 mm for a quartzite cobble at site 102. 

Fossils found in chert pebbles from these units 
consist of fusulinids, brachiopods, bryozons, pelecy
pods, corals, crinoidal material, and a sponge (table 
9). These fossils indicate that the chert was derived 
from Permian rocks, possibly from the Kaibab 
Limestone or equivalent strata (McKee, 1936; table· 
9). 
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FIGURE 30.- Isopleth map of maximum sizes of pebbles to cobbles (quartz, quartzite, 
and chert) from the Sonsela Sandstone Bed in the Petrified Forest Member of the 
Chinle Formation. 

The volcanic pebbles in the Petrified Forest Mem
ber have not been studied in as much detail as those 
in the Shinarump Member and the Sonsela Sand
stone Bed, but they probably include tuffs, vitro
phyres, and felsites. Thin-section study indicates 
that pebbles collected at site 101 are composed of 
phenocrysts of quartz and altered feldspar set in a 
fine groundmass. Spectrographic analyses indicate 
that these same pebbles are high in sodium and low 
in potassium, calcium, iron, and magnesium (E. M. 
Shoemaker, written commun., 1956). The spectro-

472·202 0 - 72 - 6 

graphic analyses further indicate that the volcanic 
rocks are chemically similar to quartz keratophyres. 

BASAL UNIT AND LOWER MEMBER OF DOLORES 
FORMATION 

Two samples (table 6) were collected from the 
basal unit of the Dolores Formation in the northern 
part of the San Juan Mountains area, and three 
were collected from the lower member of the Dolores 
Formation in the southern part of that area. 

One of the samples from the basal unit (site 109, 
in the Ouray area) is composed predominantly of 
quartzite and quartz but contains a variety of other 
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TABLE 9.-Fossils from chert pebbles in Petrified Forest Member of Chinle Formation, exclusive of the Sonsela Sandstone Bed 

Locality 
Fossils in chert pebbles 
(some localities include 

identifications from more 
than one pebble) 

Age of chert 
(based on fossils) 

Petrified Forest National Park, 
Ariz.; lat 34°50' N., long 109° 
50'W. 

Schwagerina sp. 
Protoretepora sp. 
Rhabdomeson sp. 
Possible Clausotrypa sp. 
Fenestella sp. or Cervella sp. 

Schwagerina sp. is a form that has a 
maximum range of middle·.Wolfcamp 
through Leonard (Permian) (R. C. 
Douglass, written commun., 1954). 
As the bryozoans Protoretepora, 
Rhabdomeson, and Clausotrypa are 
fairly common in the Kaibab Lime
stone, these were very likely derived 
from the Kaibab Limestone (Per
mian) (Helen Duncan, written com
mun., 1954). 

Lophophyllum sp. Petrified Forest National Park, 
Ariz.; data from McKee (1936, 
p. 261). 

Productus ( Dictyoclostus) occidentalis 
Newberry. 

McKee (1936) stated that these fos
sils are typical of the marine facies 
of the upper limestone of the Kai
bab Limestone of Permian age. This 
facies is restricted to an area west 
of a north-south line passing near 
Flagstaff, Ariz. 

Productus (Dictyoclostus) ivesi New-
berry. 

Crinoid columnals. 
A viculopecten occidentalis Newberry. 
Spiriferina hilli Girty. 
Sponge. 
Bryozoans, mostly of Fenestella group. 

Near Paria, Utah; sec. 13, T. 41 
S., R. 2 W. 

Parafusulina sp. aff. P. bakeri and P. Fusulinid is Permian (Leonard or 
Guadalupe) (L. G. Henbest, written 
commun., 1955). 

sellardsi Dunbar and Skinner. 
Indeterminate Pleurophorus-like pelec

ypod. 

lithologic types, including chert (2 percent), granitic 
rock ( 6 percent) , orthoclase ( 4 percent) , and 
felsite ( ?) ( 4 percent). The other sample from the 
basal unit (site 110, near Placerville) consists 
mostly of quartz and quartzite; chert constitutes a 
small part of the sample, but other lithologic types 
are absent. 

The maximum pebble size in the Ouray area is 
178 mm, for both a granitic rock and a felsite ( ?) . 
In the Placerville area, the maximum pebble size 
noted was 127 mm, for a quartzite. 

The lower member of the Dolores Formation, 
which may be correlative in part with the Moss Back 
Member, consists predominantly of quartz pebbles, 
but in some areas it contains pebbles of quartzite, 
chert, granitic rock, granitoid gneiss, orthoclase, and 
mafic igneous ( ?) rock. The maximum sizes of pebbles 
in this member are small, ranging from 4 to 32 mm. 

SEDIMENTARY-STRUCTURE STUDIES 

Studies of sedimentary structures in the Chinle 
Formation consisted of determinations of resultant 
dip directions of cross-strata at about 200 localities, 
and determinations of the orientation of fossil logs 
at a few localities. The information thus obtained is 
useful in outlining the general directions of stream 
flow and in indicating possible source areas. The 
results of these studies have been given in reports by 
Poole and Williams (1956), by Stewart, Williams, 
Albee, and Raup (1959), and by Poole (1961, 1962), 
and only a brief summary of part of the data is pre
sented here. 

In the field, the amount and direction of dip of 
cross-strata are measured in a number of individual 
sets in the unit being studied. The number of 
measurements that are necessary for adequate 
sampling at a given locality depends on the diversity 
in dip directions of the cross-strata, but in general 
50 to 150 individual measurements are sufficient. If 
each dip direction reading is considered a vector, a 
resultant of the readings can be obtained by mathe
matical or graphical methods. This resultant is the 
average down-current direction, from which a trans
portation direction and a source direction can be 
inferred. The spread of the readings in a study is 
measured in terms of a consistency ratio (Reiche, 
1938), expressed numerically from 0.00 to 1.00. In a 
study in which all the readings are in the same 
direction, the consistency ratio would be 1.00, where
as in a study in which the readings are equally dis
tributed through 360°, the consistency ratio would 
be zero. 

The resultant dip directions of cross-strata at the 
localities studied in the Shinarump Member, the 
Agua Zarca Sandstone Member, the sandstone mem
ber in north-central New Mexico, and the Gartra 
Member are shown on plate 4. The resultant dip 
directions in the Shinarump Member are predomi
nantly northwest, and to a lesser extent north and 
northeast; a few are east (St. Johns area) and a 
few are west (White Canyon and Spring Mountains 
areas) . In the Agua Zarca Sandstone Member they 
are south to southwest, and in the sandstone member 
at two localities in north-central New Mexico they 
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are northerly. At a locality in the area of possible 
intertonguing of the sandstone member and the 
Agua Zarca Sandstone Member, the resultant dip 
direction is westerly. In the Gartra Member, the 
resultants are predominantly west to northwest, 
although at one locality the resultant is southwest 
and in another south. 

The resultant dip directions of cross-strata in the 
Shinarump Member are similar to the trends of 
channels at the base of that member, which are 
predominantly to the northwest, except in the White 
Canyon and Elk Ridge areas, where they are west or 
west-southwest (as determined by the work of 
Witkind (1956), Phoenix (1957), Davidson, Cars
well, and Miller (1957), Finch (1959), Johnson 
(1959), Lewis and Trimble (1959), and Witkind, 
Hemphill, Fillmore, and Morris (1960). 

The resultant dip directions in the Moss Back 
Member of the Chinle Formation, and in its possible 
equivalents, the Poleo Sandstone Lentil of the Chinle 
Formation and the lower member of the Doloi·es 
Formation, are shown in figure 13. In the Moss Back 
Member they vary, but are dominantly northwest
ward (Poole and Williams, 1956). In the Poleo Sand
stone Lentil they are mostly north to northwest. In 
the lower member of the Dolores Formation they are 
variably to the west, southwest, and north. 

The resultant dip directions in the Sonsela Sand
stone Bed of the Petrified Forest Member are shown 
in figure 20 and are mostly north to northeast. 

PALEONTOLOGY AND AGE 
The Chinle Formation contains a . varied con

tinental flora and fauna including pelecypods, gastro
pods, arthropods, fish, amphibians, reptiles, and 
plants. A summary is presented here of the fossils 
and their age; also included is detailed information 
on fossils collected by the authors and identified 
largely by paleontologists of the U.S. Geological 
Survey. 

PELECYPODS 

Fresh-water pelecypods are relatively abundant in 
the Chinle Formation, particularly in the Petrified 
Forest Member, which locally contains beds that 
consist almost entirely of pelecypod shells or shell 
fragments. Pelecypods have been reported in the 
Chinle over a large part of its area of distribution. 
The pelecypods thus far identified in the Chinle all 
belong to the family Unionidae, and most of them 
appear to represent various species of the genus 
Unio; but many of the pelecypods found in the 
Chinle are too fragmentary or poorly preserved to 
be identified with certainty. 

The occurrence of pelecypods in the Chinle 
Formation was first reported by Cope ( 1875, p. 81), 

who found Unio shells associated with reptile bones 
and teeth in what is probably the Petrified Forest 
Member north of Gallina, N.Mex. These forms were 
described and identified by F. B. Meek (in Cope, 
1875, p. 83-84), who recognized three new species 
of Unio. One species, the dominant one in the 
assemblage, was fully described and was named Unio 
C'ristonensis Meek. The other two species, based on 
fragmentary remains and described in very little 
detail, were named U. gallinensis and U. ter'rae
rubrae. Neither of these has since been reported in 
the Chinle, but both were described so incompletely 
that they could hardly be recognized with certainty 
if they were found. Unio cristonensis, on the other 
hand, has been reported from the Zion National 
Park region (Gregory, 1950, p. 72), from near the 
top of the Chinle at the northeastern end of Monu
ment Valley, Utah (Woodruff, 1912, p. 89), from 
the Petrified Forest and Owl Rock Members of 
northeastern Arizona (Gregory, 1917, p. 47), and 
from near Fort Defiance, Ariz. (Allen and Balk~ 

1954, p. 70). Forms nearly or possibly identical with 
U. cristonensis Meek have also been reported from 
what is probably the Owl Rock Member 6 miles west 
of Moenkopi Village in Arizona (Gregory, 1917, p. 
68), and in the Chinle near Moab, Utah (Cross, 1907, 
p. 654). 

At the Moab locality, according to Cross, the 
Chinle contains forms comparable to, and possibly 
identical with, U. dockumensis Simpson and U. 
dumblei Simpson, both of which had previously 
been reported from the Dockum Group of Texas. 

Two new species of Unio were described by 
Henderson (1934, p. 259-260) from the Chinle of 
Apache County, Ariz. These species were named U. 
thomasi, a form closely related to U. cristonens·is 
Meek, and U. arizonensis. According to Henderson, 
U. a1·izonensis may also be present in a collection 
from the Chinle near Fort Wingate, N. Mex. 

Specifically indeterminate Unios also have been 
reported from the Dolores Formation near Telluride, 
Colo. (Cross, 1899), from the Chinle in the Salt 
Valley area, Utah (Dane, 1935, p. 63), and from the 
Chinle in the Moab area, Utah (Baker, 1933, p. 
40). 

A n~w form of unionid pelecypod, named Diplodon 
g1·ego'ryi by Reeside (1927, p. 477), has been found in 
the basal part of the Chinle Formation in the Navajo 
Indian Reservation in Arizona. 

During the course of the present investigation, 
several new Unio localities were found by the authors 
and other workers on the Colorado Plateau. J. B. 
Reeside, Jr., examined some of the fossils collected 
at these localities, and his comments on them are 
quoted on the following page. 
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Lot 23584. Collection obtained by I. J. Witkind from a lime
stone bed in Owl Rock Member of Chinle Formation on the 
east side of Tyende Mesa about 5 miles north of Kayenta, 
Ariz., lat 36°48'38" N., long 110°15'45" W .. 

Union. sp. 
"Only one species appears to be present, and it does not 
match any of the dozen or so of described Upper Triassic 
species." 

Lot 24345. Collection obtained by the authors in the Owl Rock 
Member of the Chinle Formation 10 feet below the base of 
the Wingate Sandstone in Burr Canyon, on the east side of 
Circle Cliffs, Garfield County, Utah (sec. 16 (unsurveyed), 
T. 34 S., R. 8 E.). 

Unio sp. 
"I cannot get enough of these specimens uncovered to 
show more than that they belong to the fresh-water group 
commonly called Unio. It is believed that the Triassic 
forms are more closely related to South American genera 
than to the North American Jurassic and later genera, 
which are thought to be immigrants from Asia." 

Unio dumblei Simpson 
Lot 24780. Collection obtained from the Chinle Formation in 

White Canyon, San Juan County, Utah, by J. D. Lowell. 
Lot 25589. Collection obtained by the writers 344 feet above 

the base of the Petrified Forest Member northeast of Joseph 
City, Ariz. (loc. A-25). 

"These fossils include 16 right valves and one left valve 
of a species of Unio close to Unio dockumensis Simpson 
of the Dockum Group of Texas." 

Lot 26314. Collection obtained by J. D. Wells in a reddish 
sandstone about 50 feet below the top of the Chinle For
mation at the southern end of House Rock Valley, Coconino 
County, Ariz. (sec. 30?, T. 39 N., R. 4 E.). 

Single valve of "Unio" graciliratus Simpson 
"The shell has not been found above the Triassic and can 
be taken to indicate Upper Triassic, but its range is not 
well known." 

Lot 26347. Collection obtained by D. A. Phoenix in a limy 
sandstone in the Petrified Forest Member 150 feet below 
the top of the Chinle Formation near Lees Ferry, Ariz. 
(sec. 25, T. 40 N., R. 7 E.). 

Unio graC'iliratus Simpson 
Unio aff. U. dumblei Simpson, probably unnamed 

"These species were named from the Dockum of Texas, 
but not enough occurrences have been reported to define 
ranges within the Upper Triassic. Fresh-water faunas are 
usually characterized by abundance of individual speci
mens but paucity of species, and this collection is of that 
sort. The unios in the Holocene fauna are said to prefer 
a river environment." 

Lot 26617. Collection obtained by R. W. Kopf from th~ Moni
tor Butte Member of the Chinle Formation, 110 feet above 
the Shinarump Member and 50 feet below the Moss Back 
Member, at the northwestern corner of the abandoned dam 
at the head of Fry Canyon, lat 37°33'42" N., long 110°8'24" 
W., San Juan County, Utah. 

"These specimens represent one species of unionid pele
cypod, preserved as internal molds. The form is like that 
of Unio graciliratus Simpson, which has been reported 
from the Chinle of the region, or like Unio dockumensis 
Simpson. These species are determined by external char
acters of the shell, not shown by the internal mold." 

Another collection of pelecypods, obtained by the 

authors 407 feet above the base of the Petrified 
Forest Member (36.6 ft. above base of unit 3, 
Nazlini Trading Post section B, loc. A-8b) near 
Nazlini, Apache County, Ariz., has been identified by 
N. J. Silber ling as Unio ( Antediplodon) cf. U. (A.) 
dockumensis. 

GASTROPODS 

Fresh-water gastropods have been reported from 
a few localities in the Chinle Formation and equiva
lent strata, but they are relatively scarce. They were 
first reported by Cross (1899), who noted the oc
currence of a small gastropod belonging to the genus 
Vivipants or a closely allied genus in a conglomerate 
at what is .Probably the base of the Dolores Forma
tion near Telluride, Colo. Vivipa1·us? was also re
ported by Woodruff (1912, p. 89) from beds near the 
top of the Chinle, probably the Owl Rock Member, 
in the northeastern part of Monument Valley. 

The occurrence of gastropods in the Chinle was 
next reported by Baker (1946, p. 63), who collected 
specimens in what is probably the Owl Rock Member 
at The Cove, in southeastern Utah. Baker's speci
mens were described by Yen and Reeside (1946), 
who assigned them to two species of a new genus of 
the family Amnicolidae and named them Triasamni
cola pilsbryi and T. latispira. 

Yen (1951) reported two occurrences of gastro
pods in the Chinle Formation of northern Arizona. 
One collection, from the Owl Rock Member along the · 
Echo Cliffs, consisted of Triasamnicola cf. T. pilsbryi 
Yen and Reeside, Triasamnicola assiminoides n. sp., 
Triasamnicola sp. indet., and Lioplacodes canalic
ulatus n. sp. The other collection, from what is prob
ably the Owl Rock Member near Black Falls, 
consisted of a form identified by Yen as "Valvata" 
gregorii Robinson. V. gregorii had previously been 
reported by Robinson (1915) from beds now referred 
to the lower part of the Glen Canyon Group near 
Cameron, Ariz. V alvata gregorii has also been re
ported by Harshbarger, Repenning, and Irwin (1957, 
p. 28) from the Owl Rock Member near Cedar 
Ridge, Ariz. Apparently the generic assignment of 
"Valvata" gregorii is questionable. (See Harshbarger 
and others, 1957, footnote on page 28.) 

The presence of gastropods in the Owl Rock Mem
ber of the Chinle Formation at two additional locali
ties, near Kayenta and near Round Rock in Arizona, 
has been noted by R. A. Repenning, M. E. Cooley, 
and J. P. Akers (written commun., 1956). 

Three new gastropod localities in the Chinle 
Formation, as yet unreported in the literature, have 
been discovered in recent years. At the first of these, 
molluscs were collected by Otis McRae of the Atomic 
Energy Commission about 10.5 airline miles N. 52 
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W. of Moab, Utah, from two sandstone and con
glomerate horizons 118 feet and 97 feet above the 
base of the Chinle Formation, probably near the 
contact between the Church Rock Member and the 
underlying siltstone unit of the Chinle. Concerning 
these collections (lot 24954), J. B. Reeside, Jr., stated 
in an unpublished report: "The only shell in this 
sample that can actually be identified is a specimen 
of ~valvata' g'regm·ii Robinson." 

Another gastropod collection (lot 24347), obtained 
by T. E. Mullens from a bed of clayey limestone 
in the Owl Rock Member 442 feet above the base of 
the Chinle at Red House (loc. U-224) in the Clay 
Hills area of southeastern Utah, and identified by 
J. B. Reeside, Jr., consists of T1·iasamnicola assim
inoides Yen. 

The third gastropod locality was discovered by G. 
W. Weir in the lower part of the Chinle Formation, 
possibly the Moss Back Member, on a bench near the 
top of the lower Chinle unit that forms a cliff and 
bench above Big Indian Wash (NW%!SW1,4 sec. 35, 
T. 291j~ S., R. 24 E.), San Juan County, Utah. Con
cerning this collection (lot 26857), J. B. Reeside, Jr., 
stated, in an unpublished report: 
This lot contains an abundance of small gastropods that seem 
to me to be the form called T'tiasamnicola latispira by Yen 
and Reeside. There are also fragments of a large pelecypod 
that I would call Unio sp., though diagnostic characters are 
not preserved, and coprolites of fish and reptile. 

ARTHROPODS 

Remains of arthropods, both crustaceans and in
sects, have been found at a few localities in the 
Chinle Formation. 

Crustaceans are represented in the Chinle Forma
tion by fresh-water branchiopods and ostracodes. 
Ostracodes were noted in a collection made by the 
writers 7.5 feet above the base of the Chinle Forma
tion one-fourth mile east of the Happy Jack mine in 
White Canyon, San Juan County, Utah, and identified 
by R. E. Peck. Fresh-water branchiopods, identified 
by J. B. Reeside, Jr., have been found in two drill 
cores obtained by Neil Young, of the Atomic Energy 
Commission. One of these was 145 feet above the 
base of the Chinle Formation, in drill hole R-3 in 
the Lisbon Valley area, San Juan County, Utah (lot 
25242) ; the other was 50 feet above the base of the 
Chinle Formation, in drill hole 41-B, Amuranium 
Co., in Big Indian Wash, Utah (sec. 20, R. 24 E., T. 
29 S.) (lot 25590) . Branchiopods were also collected 
by the authors in a lenticular limestone near the top 
of the Petrified Forest Member in sec. 16, T. 10 N., 
R. 18 W., Black Rock area, McKinley County, N. 
Mex. (lot 26199). These collections all contain 
branchipods of similar types. Concerning the Black 

Rock collection (lot 26199), Reeside stated in an 
unpublished report: 
The most abundant fossils in this lot are the valves of a 
bivalved crustacean commonly called Estheria ovata Lea. The 
species was described originally from the Newark Group, and 
there may be some doubt as to the name of the western form. 
Also, the generic name is not available. Probably the best 
name for it at present is Cyzicus cf. C. ovatus (Lea). 

These forms are now known as Lioestheria aff. L. 
ovata (Lea) (Lewis and others, 1961, p. 1439). 

Insects are represented in the Chinle Formation by 
trails and burrows in petrified wood in the Petrified 
Forest National Park in Arizona. These are believed 
by Walker (1938, p. 138) to have been formed by 
larvae of wood borers or bark beetles. Walker named 
three new genera and five new species on the basis 
of these trails and burrows and noted (p. 140) that 
they were confined to a single species of wood, 
ATauca-rioxylon a1·izonicum. An object that appears 
to be a beetle has also been noted by Roland Brown 
in a plant collection obtained by him and the authors 
in the Shinarump Member of the Chinle on Elk 
Ridge in southeastern Utah (NW1j4 sec. 7, T. 25 S., 
R. 20 E.). 

FISH 

Chondrostean, holostean, crossopterygian, and 
dipnoan fishes from various parts of the Chinle 
Formation have been reported in the literature. A 
discussion of most of these fishes and descriptions 
of several new genera· and species were given by 
Schaeffer (1967). 

Five species of chondrostean fishes are known 
from the Chinle Formation. These occur in the 
uppermost part of the formation at two localities in 
the Lisbon Valley area in the easternmost part of 
southeastern Utah and also in the uppermost part of 
the formation at two localities near Paradox Valley 
in the westernmost part of southwestern Colorado 
(Schaeffer, 1967). The fishes from these localities 
are Tu1·seodus doloTensis, Cionichthys dunklei, 
Lasalichthys hillsi, Synorichthys stewarti, and 
Tanaocrossus kalliokoskii. Cionichthys also has been 
tentatively identified (Schaeffer, 1967, p. 302) at a 
locality in the Dolores Formation 11/2 miles north
west of Telluride in the San Juan Mountains region 
in southwestern Colorado (Schaeffer, 1967). In 
addition, an indeterminate chondrostean fish occurs 
in the Petrified Forest Member of the Chinle Forma
tion at Ghost Ranch in north-central New Mexico 
(Schaeffer, 1967, p. 327). 

Two genera of holostean fishes, Semionotus and 
H emicalypterus, are known in the Chinle Formation 
(Schaeffer, 1967). Semionotus sp. occurs at the two 
localities in the Lisbon Valley area and the two near 
Paradox Valley. In addition, scales of Semionotus or 
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Lepidotus occur associated with the pseudosuchian 
reptile H erspeTosuchus in the Petrified Forest Mem
ber near Cameron, Ariz. (Colbert, 1952, p. 591). It 
should be mentioned here that the occurrences of 
Se1nionotus and Lepidotus reported in the literature 
(Eastman, 1917, p. 283; Hesse, 1935; Schaeffer and 
Dunkle, 1950; Gregory and Moore, 1931, p. 58; and 
Gregory, 1950, p. 72) as having been found in the 
Chinle Formation at Kanab and at Zion National 
Park, Utah, are in strata now assigned to the over
lying Moenave Formation. 

A species of crossopterygian fish (Chinlea 
soTenseni) occurs in the uppermost part of the 
Chinle Formation at one of the localities in the 
Lisbon Valley area and at both of the localities near 
Paradox Valley (Schaeffer, 1967). In addition, this 
same species is questionably identified from the 
Petrified Forest Member at Ghost Ranch in north
central New Mexico (Schaeffer, 1967). 

The dipnoan lungfish Ceratodus occurs in the 
Chinle Formation in Arizona and New Mexico 
(Colbert, 1948, p. 232; Colbert, 1950, p. 64; Camp 
and Welles, 1956, p. 259; Colbert and Gregory, in 
Reeside and others, 1957, p. 1463). 

Occurrences of fish not identified as to genus in
clude fish scales associated with the remains of 
TypothoTax north of Gallina, N.Mex. (Cope, 1875, 
p. 84) and ganoid fish scales and bones a few feet 
below the top of the Chinle Formation 2 miles south 
of Moab, Utah (Can1p, 1930, p. 12-13; Baker, 1933, 
p. 40-41). 

AMPHIBIANS 

All amphibian remains thus far described from 
the Chinle Formation represent stereospondylid 
labyrinthodonts belonging to the family Metopo
sauridae. The metoposaurs from the Chinle Forma
tion have been assigned in the literature to several 
different genera, but Colbert and Imbrie (1956), 
in their review of Triassic metoposaurs, assigned all 
the metoposaurs found in the Chinle Formation and 
the Dockum Group to a single species, Eupelor 
fraasi, but placed those of the Chinle Formation in 
a separate subspecies, Eupelor fraasi fraasi (Lucas). 
According to Colbert and Gregory (in Reeside and 
others, 1957, p. 1462 and 1464), Eupelor is among 
the most abundant fossils in the Petrified Forest 
:Member of the Chinle in northern Arizona and is 
common in the Chinle of northern New Mexico. It 
has not been reported to occur above the Petrified 
Forest Member of the Chinle Formation. 

Metoposaurs from the Chinle Formation that have 
been placed in synonomy with Eupelor fraasi fraasi 
by Colbert and Imbrie (1956, p. 418) include Meto
posaurus fraasi, described by Lucas (1904, p. 193-

194) from the lower part of the Petrified Forest 
Member of the Chinle near Tanners Crossing near 
Cameron, Ariz.; Kalamoiketor pinkleyi, described 
by Branson and Mehl (1929, p. 225-227) from the 
Chinle about 8 miles west of Adamana, Ariz. ; and 
Buettneria ( ?) ma.ior, described by Branson and 
Mehl (1929, p. 227) from the lower part of the 
Chinle about 2 miles north of Joseph City, Ariz. 
Another form probably in synonomy with Eupelo1· 
fraasi fraasi is one noted by H. E. Gregory (1917, 
p. 35 and 97) as "closely allied to Metoposaunts 
j1·aasi" that occurs in beds probably near the base 
of the Chinle Formation about 5 miles north-north
west of Winslow, Ariz. 

Generically indeterminate amphibian remains 
occur locally in the Chinle Formation. These include 
stegocephalian fragments at Mesa Poleo and Laguna, 
N. Mex. (Huene, 1926, p. 4), a large stegocephalian 
at Coyote, N. Mex. (Camp and others, 1947, p. 8), 
and amphibian remains in the Placerias quarry near 
St. Johns, Ariz. (Camp and Welles, 1956, p. 259). 

During the course of the present investigation, 
unidentifiable amphibian remains were noted by D. 
H. Dunkle in material taken from the Chinle Forma
tion at two localities in Utah. A specimen sent by 
J. D. Lowell from Fry Canyon, southeastern Utah, 
contains what "would appear to be the impression 
of bone located in the temporal region of the skull 
of a stereospondylous amphibian," according to 
Dunkle. Material obtained by H. F. Albee in the 
basal part of the Chinle Formation in the western 
part of sec. 13, T. 41 S., R. 2 W., at Paria, Utah, 
contains part of the skull roof of a stereospondylous 
amphibian. 

REPTILES 

The reptiles constitute the most abundant and 
widespread element of the vertebrate fauna in the 
Chinle Formation and equivalent strata. Reptiles 
that have been identified as to genera include 
thecodonts, saurischians, and theraspids. Thecodonts, 
represented chiefly by the phytosaurs, are those 
most abundant in the Chinle. 

ORDER THECODONTIA 

The thecodonts are represented in the Chinle by 
members of the suborders Pseudosuchia and Phy
tosauria. 

SUBORDER PSEUDOSUCHIA 

A bipedal ornithosuchid pseudosuchian has been 
found in the Chinle Formation at one locality. This 
is the new genus and species H esperosuchus agilis. 
It was taken from the Petrified Forest Member, 160 
feet above the base of the Chinle Formation, at the 
"Ward bone bed" locality, on the north side of the 
Little Colorado River about 6 miles southeast of 
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Cameron, Ariz. According to Colbert ( 1952, p. 591), 
H e.s1Je'rosuchus is the smallest of the known Chinle 
reptiles and is an upland form. 

Pseudosuchian thecodonts belonging to the family 
Stagonolepidae have been found at various horizons 
in the Chinle Formation in New Mexico, Arizona, 
and Utah. 

The first stagonolepid-in fact, the first vertebrate 
-known to have been found in the Chinle Fornla
tion was TypothO?·ax coccina'l·u'ln, described by Cope 
(1875, p. 84). It came from beds now referred to the 
Petrified Forest Member of the Chinle Formation, 
exposed in the Gallina area, N. Mex. Typo thorax has 
since been found near Cameron, Ariz., in what is 
probably the "Ward bone bed" (Huene, 1926, p. 5), 
in the Chinle Formation at a horizon 113 feet below 
the base of the Wingate Sandstone ll/2 miles due 
south of Moab, Utah (Camp, 1930, p. 12), at Ghost 
Ranch in what is probably the Petrified Forest Mem
ber (Colbert, 1950, p. 59 and 62; J. T. Gregory, 
1953a, p. 12), and from the Petrified Forest Member 
at the Place1·ias quarry near St. Johns, Ariz. (Camp 
and Welles, 1956, p. 259). 

In 1887, Cope (1887b, p. 213) described a new 
genus and species, Episcoposau1·us ho1-ridus, from 
the same locality as the type Typothorax. Sub
sequently, Episco1Josau1·us was found in what is 
probably the "Ward bone bed" near Cameron, Ariz., 
in the Petrified Forest Member (Lucas, 1901; Lucas, 
1904, p. 193; Huene, 1926, p. 5 and 9), and Episcopo
sauTus ( =Desmatosuchus) was found in the Petri
fied Forest Member at the Place1·ias quarry near St. 
Johns, Ariz. (Camp and Welles, 1956, p. 259). Ac
cording to J. T. Gregory (1953a), the type of 
Episco1Josau1·us ho1Tidus Cope is probably synon
ymous with Ty1Jothorax coccinantm Cope and should 
therefore be referred to Typotho·rax. The same is 
probably true for Episcoposawrus reported at other 
places in the Chinle, except perhaps at St. Johns. 

Another form that may be synonymous with 
Typotho1·ax is Acompsosaurus wingatensis Mehl, 
described by Mehl (1915) and by Mehl, Toepelmann, 
and Schwartz (1916, p. 33) as occurring in red 
shales and clays that constitute either the lowest 
part of the Petrified Forest Member or the upper 
part of the lower red member of the Chinle near 
Fort Wingate, N.Mex. (See J. T. Gregory, 1953a.) 

Another stagonolepid, the genus Desmatosuchus 
Case, originally described by Case (1920) and first 
found in the Dockum of Texas, has recently been 
found in the lower part of the Chinle of northern 
Arizona. The reported occurrences consist of a right 
"horn" of Desmatosuchus, collected about 8 miles 
west of Lupton, Ariz. (Brady, 1954, p. 19) ; bone 

fragments referred to Desmatosuchus, collected near 
St. Michaels, Ariz. (Brady, 1958, p. 61-62) ; and 
Episcoposau1·us ( ==.Desmatosuchus) , found in the 
Placerias quarry near St. Johns, Ariz. (Camp and 
Welles, 1956, p. 259). 

SUBORDER PHYTOSAURIA 

The crocodilelike phytosaurs are the most abun
dant element of the vertebrate fauna of the Chinle 
Formation and have been found at many localities 
and horizons in the Chinle and Dolores Formations. 
Most of the reported occurrences of phytosaurs are 
in the Petrified Forest Member, and most of the 
described specimens are from northern Arizona. The 
phytosaurs of the Chinle have been studied exten
sively by Camp (1930) and by Colbert (1947b). 

At present, all the phytosaur remains described 
from the Chinle and Dolores Formations can be 
referred to the genus Phytosaurus (Colbert, 1960, p. 
60) . All these forms had previously been referred to 
the genus MachaeropTosopus Mehl, orginally de
scribed by lVIehl, Toepelmann, and Schwartz (1916, 
p. 5) and based on material from the Petrified Forest 
Member near Cameron, Ariz. Phytosaurs from the 
Chinle Formation have been assigned to many differ
ent genera and species, but many of them may in 
fact belong to a single genus or even a single species 
(Colbert, 1947b, p. 77-78; Colbert and Gregory, in 
Reeside and others 1957, p. 1458). 

The phytosaurs from the Chinle and Dolores 
Formations that are now considered in synonomy 
with Phytosau1·us are (1) Machaerop1·osopus validus, 
described by Mehl, Toepelmann, and Schwartz (1916, 
p. 5) from the Petrified Forest Member near 
Cameron, Ariz.; (2) five new species of Machaero
p'l·osopus-M. zunii, M. adamanensis, M. gregorii, 
M. lithodend?·o'l·um, and M. tenuis-de$cribed by 
Camp (1930) from the lower part of ·the Chinle 
Formation in Arizona; (3) a form similar to Belodon 
pTiscus, noted by Hills (1880) and Cross (1899) in 
the basal part of the Dolores Formation near Tellu
ride, Colo.; (4) Belodon buceros Cope (1881), from 
the Chinle of New Mexico, considered by Mehl, 
Toepelmann, and Schwartz (1916, p. 23), Camp 
(1930, p. 143), and Colbert (1947b, p. 68) to be a 
species of "MachaeropTosopus"; (5) Belodon scolo
pax Cope ( 1881), also frorr:t the Chinle of New 
Mexico, regarded by Camp (1930, p. 144) as possibly 
representing t~e young of "M." buceros; (6) Heter·
odontosuchus ganei Lucas, originally described by 
Lucas (1898), from beds probably near the top of 
the Chinle Formation in the Clay Hills area of 
southeastern Utah, and subsequently found in the 
Petrified Forest Member near Cameron, Ariz. 
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(Ward, 1900, p. 322; Lucas, 1901; Lucas, 1904, p. 
193), and possibly from the Dolores Formation of 
Colorado (Cross and Howe, 1905b, p. 468), regarded 
by Colbert (1947b, p. 68) as an indeterminate type 
probably identical with "Machaeroprosopus"; (7) 
Angistorhinus? sp., described by Mehl, Toepelmann, 
and Schwartz ·(1916, p~ 26) from the Petrified Fore·st 
Member near Cameron, Ariz., regarded by Camp 
(1930, p. 144) as probably being a young specimen 
of "M." validus Mehl; (8) Paleorhinus? sp., de-
scribed by Mehl, Toepelmann, and Schwartz (1916, p. 
40) from the Acompsosaurus horizon in the lowest 
part of the Petrified Forest Member or the upper 
part of the lower red member of the Chinle near 
Fort Wingate, N .. Mex., regarded by Camp (1930, p. 
144) as possibly an unnamed species of "Machaero
prosopus"; and (9) Pseudopalatus pristinus, de
scribed by Mehl (1928) from the Chinle near 
Adamana, Ariz., regarded by Camp (1930, p. 144) 
and Colbert (1947b, p. 68) as a new species of 
"M achaeroprosopus." 

Forms from the Chinle and Dolores Formations 
that probably are also synonymous with Phytosaurus 
are those referred, sometimes questionably, to the 
genus Palaeoctonus Cope. This was done by Cross 
(1899) and by Cross and Howe (1905b, p. 468) in 
writing about the Dolores Formation of southwest
ern Colorado, by Lucas (1901; 1904, p. 195) in 
relation to the Chinle Formation near Cameron, 
Ariz., and by Huene (1926, p. 4) in relation to the 
Chinle Formation near Adamana, Ariz. Branson and 
Mehl (1929, p. 163) referred the Dolores Palaeoc
tonus to the phytosaurs; and Camp (1930, p. 11) 
referred the Adamana forms to "Machaeroprosopus." 

The known phytosaurs appear to be very useful 
for age zonation in the Chinle Formation. Camp 
( 1930) recognized several species of M achaeropro
sopus ( -==Phytosau1·us) that he felt were useful for 
that purpose, and Colbert and Gregory (in Reeside 
and others, 1957, p. 1457-1458, 1462) and Colbert 
(1960, p. 61) indicated that a progressive develop
ment of phytosaur evolution may be useful in de
termining the relative ages of the Chinle Formation, 
Dockum Group, and Popo Agie Formation. 

Many occurrences of phytosaur remains in the 
Chinle Formation are ·recorded in the literature, 
particularly by Camp (1930), and several others 
were discovered during the course of the present 
investigation. These are a probable phytosaur jaw, 
collected by J. D. Lowell and identified by D. H. 
Dunkle, from the Chinle Formation in White Can
yon, Utah (long 110°15' W., lat 37°45' N.) ; a 
phytosaur tooth, tentatively assigned to "Machaero
prosopus," collected by H. F. Albee and identified 

by D. H. Dunkle, from the Moss Back Member of the 
Chinle on the southwest side of Deer Flat in San 
Juan County, Utah (long 110°00' W., lat 37°40' N.) ; 
a probable phytosaur vertebral centrum, collected by 
R. Q. Lewis and D. E. Trimble and identified by D. 
H. Dunkle, from the lower 15 feet of the Shinarump 
Member of the Chinle. in Monument Valley, Utah 
(SWlf<tNW1,4 sec. 35, T. 43 S., R. 15 E.) ; a probable 
phytosaurian tooth, collected by D. P. Elston and 
identified by P. P. Vaughn, from the Monitor Butte 
Member in a conglomerate 8 feet below the base of 
the Moss Back Member of the Chinle and about 10 
feet above the base of the Chinle Formation in the 
San Rafael Sw~ll, Utah (long 110°57' W., lat 38°45' 
N.) ; two phytosaurian teeth, collected by the authors 
and identified by P. P. Vaughn, from the upper part 
of the upper member of the Chinle Formation in 
Dinosaur National Monument, Utah (Slj2, sec. 22, T. 
45., R. 23 E.) ; and phytosaur remains, collected by 
the authors and identified by G. E. Lewis as ?Phy
tosaurus sp., from the sandstone and conglomerate 
member of the Chinle Formation, about 120 feet 
below the top of the Chinle, at Cross Mountain 
anticline, Moffat County, Colo. (SW1J.t, sec. 29, T. 7 
N., R. 98 W.). With regard to the Cross Mountain 
collection, P. P. Vaughn stated, in an unpublished 
report: 

F-FP-63. includes a number of fragments of the lower jaw 
of a phytosaur, several of which I was able to fit together to 
reconstruct a portion, about 90 mm long, of the posterior part 
of the symphyseal region of the mandible. Other phytosaur 
fragments in F-FP-63 are: Another, smaller (about 30 mm 
long) jaw fragment, a toot4, the centrum of a middorsal ver
tebra, fragments of several other vertebrae, a part of a rib, 
a fragment of a dermal scute, and other fragments. 

ORDER SAURISCHIA 

The saurischian dinosaurs are represented in the 
Chinle Formation by the carnivorous coelurosaurian 
theropod genus Coelophysis. All specific references 
to Coelophysis localities in the Chinle Formation are 
in northern New Mexico, but Colbert and Gregory 
(in Reeside and others, 1957, p. 1464) noted that the 
genus "occurs sparsely in the Chinle of Arizona." 

Coelophysis was first described, from material 
found in the Chinle of New Mexico, by E. D. Cope 
(1887a) under the generic name Coelurus, including 
two species. Later in the same year, Cope ( 1887b, 
p. 221-227) referred these species and an additional 
new one to the genus Tanystrophaeus, but still later 
(Cope, 1889) he referred them to a new genus, 
Coelophysis. Cope did not give any location for the 
Coelophysis horizon other than New Mexico, but 
Williston and Case (1912, p. 11) found bones pro
visionally referred to Coelophysis at what they 
thought was probably the type locality, "hardly less 
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than 100 feet" above the basal Upper Triassic sand
stone (probably the Poleo Sandstone Lentil) in the 
Gallina area, New Mexico. According to Huene 
(1915, p. 503-504), most of the bones of Coelophysis 
came from the Gallina area, but some came from a 
nearby area. 

A general description of much more complete 
skeletons of Coelo~Jhysis discovered in the Chinle 
Formation at Ghost Ranch, N.Mex. (loc. NM-9) by 
the American Museum of Natural History has been 
given by Colbert (1947a, 1950). At this locality, 
completely articulated skeletons of Coelophysis were 
found about 100 feet above the base of the cliffs 
(Colbert, 1.950, p. 62). This horizon is probably in 
the lower part of a siltstone member of the Chinle, a 
unit believed equivalent to the Dolores Formation of 
southwestern Colorado. Colbert more recently has 
given further information about this genus and its 
occurrence (1960, p. 60). 

ORDER THERAPSIDA 

Therapsid reptiles (subclass Synapsida) are rep
resented in the Chinle Formation by the dicynodont 
genus Place'rias. All the reported occurrences of 
Place1·ias are in the lower part of the Petrified Forest 
Member in northern Arizona. 

PlaceT·ias was first reported from the Chinle by 
Lucas (1904, p. 194), who based the genus upon a 
humerus collected by Barnum Brown 3 miles north 
of Tanners Crossing. Lucas proposed the name Pla
ceTias hestentus for this form. According to Camp 
and Welles (1956,. p .. 256-258), the P. hesteTnus 
locality is about 225 feet above the base of the 
Chinle Formation. 

Camp and Welles (1956) have described abundant 
material referred to Place1·ias from a quarry in the 
Petrified Forest Member near St. Johns, Ariz. The 
exact horizon of the find is not known, but the 
quarry also contains Machae?·op'l'osopus ( ==Phyto
sauTus) zunii, which in the St. Johns region is found 
from 15 to 100 feet above the base of the Chinle 
(Camp and Welles, 1956, p. 258-259) . Camp and 
Welles (p. 262) refered all of their Pla.ceTias ma
ter'ial to a single species which they regarded as 
distinct from P. hesteTnus and for which they pro
posed the name PlaceTias gigas. 

Camp and Welles (1956, p. 256) listed several 
other localities where PlaceTias had been found: 
east and southeast of Cameron near the type locality 
and horizon of P. heste1·nus, in the Petrified Forest 
National Park about 237 feet above the base of the 
Chinle Formation, and near the horizon and type 
locality of Machae1·opr·osopus (==Phytosaurus) litho
dend'l·o'l·unt in Carrizo Wash near Adamana, Ariz. 

According to Camp (1930, p. 44), the horizon of 
the type locality of "M." lithodendrorum is 346 feet 
above the base of the Chinle Formation. 

Some reptilian remains from the Chinle Forma
tion have been reported in the literature but not 
identified as to genus. These include a vertebra 
probably belonging to a Triassic form of carnivorous 
dinosaur, or possibly a phytosaur, from a conglom
erate 100 feet below the base of the Wingate Sand
stone near Moab, Utah, and "a portion of a fibula 
(lacking the distal end) of a carnivorous Dinosaur" 
in the Chinle at West Side Creek (Cross, 1907, p. 
652-653) ; reptilian bones near the top of the Chinle 
in the northeastern part of Monument Valley, Utah 
(Woodruff, 1912, p. 89) ; assorted parasuchian bones 
at various localities in New Mexico and saurischian 
vertebrae near Tanners Crossing, Ariz. (Huene, 
1926, p. 4-5) ; and a possible small dinosaur and· a 
large undetermined carnivorous reptile at the Pla
ce'l·ias quarry near St. Johns, Ariz. (Camp and 
Welles, 1956, p. 259). 

PLANTS 

Plant remains, particularly petrified conifer wood, 
are fairly common in the lower part of the Chinle 
Formation and are especially abundant in some 
areas. Plant remains have also been found in the 
upper part of the Chinle Formation and in the 
Dolores Formation. Most of the described genera 
and species of fossil plants in the Chinle Formation 
are from exposures of the Petrified Forest Member 
in the vicinity of Petrified Forest National Park in 
Arizona; these exposures ·contain the most spectac
ular display of fossil plants in the Chinle. The most 
complete description of the Chinle flora is that pre
sented by L. H. Daugherty (1941), who described 
38 forms of plant life in the Chinle, mostly collected 
from the Petrified Forest National Park area. The 
flora described by Daugherty consists of fungi, ferns, 
sphenopsids, lycopods, cordaitales, cycadophytes, a 
ginkgo, conifers, and a possible gnetalean. Its most 
abundant elements are cycadophytes and conifers, 
which comprise almost all the plant forms reported 
from the Chinle by Daugherty's predecessors. 
Daugherty (1941) was the first to describe the fungi, 
ferns, lycopods, cordaitales, and ginkgos of the 
Chinle. Descriptions and identifications of these 
forms and their occurrence can be found in 
Daugherty's report (1941) and in more recent 
studies by Ash (1967, 1969) ; they are therefore not 
discussed here. The more abundant and widespread 
elements of the flora-the sphenopsids, cycadophytes, 
and conifers - as well as occurrences of gnetales 
and monocotyledons, are discussed on the following 
pages. 
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SPHENOPSIDS 

Prior to the work of Daugherty ( 1941), the only 
sphenopsids reported from the Chinle were those 
found by Fontaine and Knowlton (1890, p. 283) near 
the copper mines, near Abiquiu, N. Mex., probably 
in strata now included in the Agua Zarca Sandstone 
Member of the Chinle. These fossils were assigned 
in part to Equisetum abiquiense, which is now re
garded as equivalent to Neocalamites virginiensis 
(Daugherty, 1941, p. 59). Neocalamites has since 
been reported by Daugherty (1941, p. 20-23) from 
various localities in the Petrified Forest Member in 
the Petrified Forest National Park area in Arizona 
and from the Poleo Sandstone Lentil near Coyote, 
N. Mex. It also occurs in the lower red member of 
the Chinle in the Zuni uplift, western ·New Mexico 
(Ash, 1967). 

Two other sphenopsid genera, all belonging to the 
Equisetales, from the Chinle in Arizona have also 
been described by Daugherty (1941). 

CYCADOPHYTES 

Cycadophytes, considered the dominant element 
of the Chinle flora (Daugherty, 1941, p. 24), have 
been found in the Chinle Formation at many locali
ties. The most abundant and widespread cycad in the 
flora is Otozamites powelli (see Daugherty, 1941, p. 
24; and Ash, 1967, p. 128), originally described by 
Fontaine and Knowlton (1890, p. 284) from the 
copper mines near Abiquiu, N.Mex., under the name 
Zamites powelli and later described and renamed by 
Berry (1927) from specimens collected from the top 
of the Shinarump Member east of Wagon Box 
Mesa in the Circle Cliffs area in Utah. (See also 
Gregory and Moore, 1931, p. 53.) Daugherty (1941, 
p. 20-23) listed several localities of Otozamites 
powelli in the Chinle in Arizona and one locality 
in the Dockum of Texas. 

The first cycads from the Chinle to be described 
were Otozamites macombii and Zamites occidentalis, 
named by Newberry (1876) and collected at the 
copper mines near Abiquiu, N. Mex., from what is 
probably the Agua Zarca Sandstone Member. Z. 
occidentalis was also questionably listed by Fontaine 
and Knowlton (1890, p. 284) as coming from the 
same locality. Two other cycads from this locality, 
Cycadites? and Ctenophyllum? were also listed, but 
not described, by Fontaine and Knowlton ( 1890, 
p. 284). 

Another cycad named by Berry (1930, p. 459), 
Pterophyllum bakeri, was found in the Shinarump 
Member on the east side of N okai Creek, in the 
Monument Valley area, Utah. Hills (1880) had pre
viously noted the presence of Pterophyllum in what 

is probably the Dolores Formation near San 
Miguel, Colo. 

Besides Otozamites powelli, Daugherty (1941, p. 
26) listed five other cycadophyte genera that he 
found in the Chinle of Arizona. Of these, the most 
significant are Macrotaeniopteris magnifolia and 
Lepacyclotes circularis, because both species are also 
present in the Upper Triassic Newark Group of 
Virginia. 

CONIFERS 

The principal representative of the conifers in the 
Chinle Formation is the araucarian wood A raucari
oxylon arizonicum, originally described by Knowl
ton ( 1888, p. 3) from specimens from the Petrified 
Forest Member in the Petrified Forest National Park 
area in Arizona and from near Fort Wingate in 
New Mexico, but since identified at many localities 
and horizons in the Chinle and related formations. 
Araucarioxylon is abundant in the Petrified Forest 
National Park area (Knowlton, 1913, p. 210) and 
has been reported to occur at the copper mines near 
Abiquiu, N. Mex. (Fontaine and Knowlton, 1890, 
p. 285) ; in the Shinarump Member near Cedar City, 
Utah (Lee, 1907, p. 367) and in the Zion National 
Park region (Gregory, 1950, p. 72) ; in the Chinle at 
many localities in Nevada, Utah, Arizona, and New 
Mexico; and in the Dockum Group of New Mexico 
and Texas (Daugherty, 1941, p. 88-89). 

The only other conifer wood reported from the 
Chinle is W oodworthia arizonica, originally de
scribed from the Petrified Forest National Park 
area in Arizona by Jeffrey (1910). Woodworthia is 
common in the Petrified Forest National Park area 
(Daugherty, 1941, p. 24) but is known to occur in 
only two other areas - the Chinle of the Zion 
National Park area (Gregory, 1950a, p. 72) and 
the Dockum of Texas (Daugherty, 1941, p. 23). 
Conifer wood from the Petrified Forest Member of 
the Chinle near Cameron, Ariz., described by Ward 
(1905, pt. 1, p. 35) as Araucarites monilifer, was 
shown by Daugherty (1941, p. 5 and 44) to be 
Araucarioxylon arizonic'l;lm attacked by heart rot. 

Conifers, twigs, leaves, cones, and spores also 
have been described from the Chinle. These include 
Pagiophyllum newberryi, originally figured as 
Pachyphyllum? from the copper mines near Abiquiu, 
N. Mex., by Newberry (1876, pl. V and VI) but 
renamed by Ward (1900, p. 318) and since reported 
by Daugherty (1941) from the Petrified Forest Na
tional Park area in Arizona; two forms of Palissya 
originally noted by Fontaine and Knowlton ( 1890, 
p. 284) as Cheirolepis munsteri and Palissya bra.
unii? from the copper mines near Abiquiu and later 
considered by Knowlton (1919, p. 428 and 429) to 
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represent, respectively, Palissya difjusa (Emmons), 
named by Ward (1900, p. 322), and P. sphenolepis 
(Braun) ; a petrified cone, A'raucarites chiquito,· 
from the Petrified Forest Member near Cameron, 
Ariz. ; coniferous stems ·and twigs, named by Ward 
(1905, pt. 1, p. 30) A1·auca'rites shina'ru1npensis 
from the Chinle near Cameron; two new species, 
Podozantites a1·izonicus a'nd. PityospoTites chinleana, 
described by Daugherty (1941) from the Petrified·.· 
Forest Member in the· Petrified Forest National 
Park; and B1·achyphyllum munste'ri Schenk, de
scribed by R. W. Brown (1956, p. 206) from the 
Dolores Formation near Placerville, Colo.; this is 
probably the same as Pachyphyllum munsteri, noted 
by Cross (1899) as being· present in the basal part 
of the Dolores Formation in the valley of the 
Dolores River (Brown,. 1956, p. 205-206). 

GNETALES 

The fossil wood Sch,ilde1·ia adantanica Daugherty 
(1934) may be the sole representative of this order 
in the Chinle Formation. It occurs in the Petrified 
Forest Member at two localities within the Petrified 
Forest National Park, Ariz. (Daugherty, 1941, 
p. 97). 

MONOCOTYLEDONS 

An important discovery of plant remains in the 
Dolores Formation near Placerville, Colo., has been 
described by R. W. Brown (1956). Among the plants 
found is a new form which Brown (1956, p. 207). 
named Sanrn'iguelia lewisi and regarded "tentatively 
but credibly as a primitive palm." If Sanmiguelia 
is a palm, it is geologically the oldest one known to 
have been identified as such. 

During the course of the present investigation, 
several collections of fossil plants from the Chinle 
Formation were obtained by the authors and others. 
These collections were studied by R. W. Brown, 
whose identifications are ·given in the following 
notes. 
1. Ferns, sphenopsides, cordaitales, and cycadophytes ob

tained by R. W. Brown and the authors from the Shi
narump Member about 5 miles southeast of St. Johns, 
At·iz. (sec. 20 or 29, T. 12 N., R. 29 E.) : 

Cladophlebis sp. 
Equisetites sp. 
Yu.ccUcs sp. 
Mac1·otcwnio1Jteds magnifolia (Rogers) Schimper 
Cte11.01Jhyllum, braunianum Goeppert 
Otozantites powelli (Fontaine) Berry 
Sphenozamites ?·oge?·sianus Fontaine 

2. A collection of ferns and cycadophytes obtained by the 
authors in greenish-gray claystone and siltstone of the 
sandstone and mudstone member 15 feet above the top 
of the Moenkopi Formation on north side of the Little 
Colorado River, 2,000 feet north of Cameron, Ariz., and 
1,000 feet N. 62 o W. of north tower of old Cameron 

bridge (long 111 °25'15" W., lat 35°52'45" N.) : 
Cladophlebis sp. 
Phlebopteris smithi (Daugherty) Arnold 
Lonchopte1·is virginiensis Fontaine 
Sphenozamites rogersianus Fontaine 

3. A collection of cycadophytes and conifers obtained by 
R. W. Brown and the authors from the Temple Moun
tain Member at a mine prospect in the northwestern 
part of San Rafael Swell, Utah (NW%, sec. 29, T. 20 
S., R. 12 E.) : 

Otozamites powelli (Fontaine) Berry 
Podozamites lanceolatus (L. and H.) Braun 
Coniferous twigs, cones and seeds 

4. A collection of conifers obtained by R. W. Brown and the 
authors from the Temple Mountain Member at mine 
prospect in the northwestern part of the San Rafael 
Swell, Utah (SE%. sec. 10, T. 20 S., R. 11 E.): 

Podozamites lanceolatus (L. and H.) Braun 
Coniferous twigs, cones, seeds 

5. A collection of conifers obtained by H. S. Johnson fr<'m the 
Temple Mountain Member in the San Rafael Swell, Utah 
(SW% sec. 30, T. 22 S., R. 11 E.): 

? B1·achyphyllum sp. 
6. A cycadophyte collection obtained by R. W. Brown from 

the Monitor Butte Member in the southeast corner of the 
San Rafael Swell, Utah: 

Otozamites powelli (Fontaine) Berry 
7. A collection of cycadophytes and conifers obtained by 

R. C. Robeck from the Monitor Butte Member about 20 
feet above the base of the Chinle Formation and 80 feet 
below the base of the Moss Back Member at the south
east corner of the San Rafael Swell, Utah: 

Otozam.ites powelli (Fontaine) Berry 
Fragment of a coniferous twig 

8. A collection of cycadophytes and conifers obtained by 
R. W. Brown and the authors from the Shinarump 
Member on the north side of The Notch, Elk Ridge, Utah 
(NE% sec. 7, T. 25 S., R. 20 E.): 

Mac?·otaeniopte·ris 1nagnijolia (Rogers) Schimper 
Otozamites powelli (Fontaine) Berry 
Podozamites lanceolatus (L. and H.) Braun 
Object that appears to be a beetle 

9. A cycadophyte collection obtained by F. J. Kleinhampl 
from the base of the Shinarump Member in the south
eastern part of Deer F1at, San Juan County, Utah (sec. 
27?, T. 36 S., R. 17 E.): 

Cteno7Jhyllum, b·raunianum Goeppert 
10. A cycadophyte collection obtained by F. J. Kleinhampl 

from the base of the Shinarump Member in the Circle 
Cliffs, Utah (sec. 32, T. 32 S., R. 7 E.) : 

?small leaf of Sphenozamites 1·ogersianus Fontaine 
11. A cycadophyte collection obtained by W. I. Finch from 

the Moss Back Member in Poison Spring Box Canyon, 
Utah (sec. 14, unsurveyed, T. 3t' S., R. 13 E.) : 

Pte1·ophytlum bake1·i Berry 
12. A collection of ferns and cycadophytes obtained by the 

authors from the Monitor Butte Member in the White 
Canyon area, Utah (long 110°07'06" W., lat 37°38'19" 
N.): 

Cladophlebis subfalcata Fontaine 
Otozamites powelli (Fontaine) Berry 

13. A collection of cycadophytes and conifers obtained by the 
authors from the Monitor Butte Member, 55 feet above 
the base of the Chinle Formation on the northeast side 
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of Monitor Butte, Utah: 
Otozamites powelli (Fontaine) Berry 
Podozamites emmonsi Newberry 

14. A conifer collection obtained by J. Fred Smith, Jr., in a 
gray shale of the Monitor Butte Member immediately 
overlying the ~hinarump Member about 3 miles north
northeast of Torrey, Wayne County, Utah: 

Palissya sp. 
15. A conifer collection obtained by J. B. Reeside, Jr., from 

the Chinle Formation in Red Rock Valley, Ariz.: 
Cephalotaxopsis sp. 

Of the forms listed above, Ctenophyllum braun
ianum, Sphenozamites rogersianus, Podozamites 
lanceolatus, P. emmonsi, Cladophlebis subfalcata, 
and Cephalotaxopsis have not previously been re
ported from the Chinle Formation. All of them ex
cept Podozamites lanceolatus are listed by Knowlton 
(1919) as present in the Newark Group of eastern 
North America. 

AGE OF THE CHINLE FORMATION 

The Chinle Formation is now generally believed to 
be of Late Triassic age and equivalent to the Keuper 
as recognized in Germany (Colbert and Gregory, in 
Reeside and others, 1957, p. 1458). Evidence for this 
age designation has been supplied through compari
sons of vertebrate and plant remains; the vertebrate 
remains chiefly by Lucas (1904), Camp (1930), 
Colbert ( 1950, p. 63), and, most recently, Colbert 
and Gregory (in Reeside and others, 1957), and the 
plant remains chiefly by Daugherty- (1941). 

The evidence afforded by vertebrates, as sum
marized by Colbert and Gregory (in Reeside and 
others, 1957, p. 1458), includes the close relationship 
of Eupel01· in the Chinle with Metoposaurus in the 
Keuper; of H esperosuchus in the Chinle with 
Ornithosuchus in the New Red Sandstone of Scot
land; and of "Machaeroprosopus" (==Phytosaurus) 
in the Chinle with Phytosaurus in the Keuper. In 
addition, J. T. Gregory (1953b) noted the presence 
of pseudosuchian scutes in the German Keuper that 
resemble those of Typothor_ax in the Chinle, further 
strengthening the faunal similarity. 

Daugherty (1941, p. 38) listed 11 species in the 
Chinle flora that are closely related to species in the 
Keuper of Germany and stated that "the Chinle flora 
of Arizona is more closely related to that of the 
Keuper of Germany than to any other except the 
Newark flora of eastern United States," and that 
"a larger percentage of identical or closely related 
Arizona species is found in the eastern Triassic and 
Keuper than in any younger or older formations." 

Three Upper Triassic units in North America 
contain continental faunas comparable to the fauna 
of the Chinle. These units are the Newark Group 

of eastern North America, the Dockum Group of 
eastern New Mexico and western Texas, and the 
Popo Agie Formation in Wyoming. The age relations 
of these units, as inferred from their v~rtebrate 
faunas, have been discussed by Colbert and Gregory 
(in Reeside and others, 1957). 

The fauna and flora of the Newark Group appear 
closely comparable to that of the Chinle. Of the 
vertebrates, both units contain the amphibian genus 
Eupelor and the holostean fish Serr_t,ionotus, and the 
phytosaur Clepsysaurus of the Newark may repre
sent the same genus as Machae1·op'rosopus ( ==Phyto
saurus) of the Chinle (Colbert, 1947b, p. 67). 
Daugherty (1941, p. 37-38) has shown the floras to 
be closely comparable; he has listed six species of 
plants that are common to the Chinle and the 
Newark and eight Chinle species that are closely 
related to species in the Newark. To the former 
group should be added Palissya diffusa and P. 
sphenolepis, listed by Knowlton (1919, p. 428 and 
429) as present both in the Newark Group and in 
the Chinle Formation at the copper mines near 
Abiquiu, N. Mex., and the new forms identified by 
R. W. Brown during the course of the present in
vestigation, Ctenophyllum braunianum, Sphenoza
mites roge1·sianus, Podozamites emmonsi, and Clado
phlebis subfalcata, all listed by Knowlton (1919) as 
occurring in the Newark Group. Ash (1969), how
ever, in recent work has questioned the idea that the 
Chinle Formation and Newark Group have similar 
faunas and indicates that some of the supposed simi
larities are based on misidentifications. 

Colbert (1957) and Colbert and Gregory (in 
Reeside and others, 1957) have summarized the 
fauna and general age relations of the Popo Agie 
Formation. They concluded that while the Popo Agie 
fauna is probably of Late Triassic age, it may be 
slightly older than comparable faunas in the Chinle. 
The Popo Agie contains the typical Late Triassic 
metoposaur Eupelor, and it also contains phytosaurs. 
But the phytosaur genera Paleo1·hinus and Angisto
rhinus, which are present in the Popo Agie but not in 
the Chinle, appear to be more primitive than the 
typical Chinle phytosaurs and thus may indicate that 
the Popo Agie is older. Furthermore, as noted by 

· Colbert (1957, p. 91-92), while the Popo Agie con
tains a mammallike dicynodont that is comparable 
to Placerias of the Chinle, this animal was regarded 
by Camp (1956, p. 329) as having traits character
istic of Middle Triassic dicynodonts, another fact 
suggesting that the Popo Agie is older than the 
Chinle. Colbert and Gregory (in Reeside and others, 
1957, p. 1462) wrote that "there may be some justi
fication for supposing that the Popo Agie is of early 
Keuper age, comparable in this respect to the lower 
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portion of the Dockum and definitely earlier than the 
typical Chinle of Arizona and New Mexico." Some 
evidence on the other side is afforded, however, by 
the presence in the Popo Agie of the ornithischian 
dinosaur Po7Josaunts. According to Colbert and 
Gregory (in Reeside and others, 1957, p. 1462), 
11Poposau'rus shows some advanced . ornithischian 
characters," and thus might constitute evidence for 
placing the Popo Agie in a higher, rather than a 
lower, part of the Upper Triassic sequence. 

Colbert and Gregory (in Reeside and others, 1957, 
p. 1464-1466) have summarized the vertebrate 
occurrences and probable age relations of the 
Dockum Group of eastern New Mexico and Texas. 
In eastern New Mexico the amphibian Eupelo'r has 
been found in the Dockum, and other vertebrate 
fossils have been found high in the Dockum near 
Tucumcari, N. Mex. Concerning the Tucumcari 
locality, Colbert and Gregory (in Reeside and others, 
1957, p. 1464) stated that 
an advanced species of phytosaur from this level is compara
ble with those from the Ghost Ranch locality in northwestern 
New Mexico and from the uppermost fossiliferous levels o! 
the Petrified Forest Member of the Chinle at Adamana, 
Arizona. 

In Texas, two faunas have been reported from the 
Dockum Group. The first of these, consisting of 
Eupelo1·, Typothorax, phytosaurs indistinguishable 
from those of the Chinle, and other forms, is "com
parable to that of lower levels of the Petrified Forest 
member of the Chinle formation in the Petrified 
Forest region" (Colbert and Gregory, in Reeside and 
others, 1957, p. 1465-1466). The second fauna, 
which occurs in the lower part of the Dockum near 
the base of the group, contains, among other forms, 
Pale01·hinus and A ngisto1·hinus and is considered 
similar to that of the Popo Agie Formation (Colbert 
and Gregory, in Reeside and others, 1957, p. 1466). 
The lower part of the Dockum Group thus appears 
to be equivalent to the Popo Agie Formation, whereas 
higher strata in the group are probably equivalent 
to the Petrified Forest Member of the Chinle Forma
tion. 

In summary, the Chinle Formation appears to be 
of Keuper age and roughly equivalent to the Newark 
Group in eastern North America and to at least most 
of the Dockum Group. On the basis of vertebrate 
fossils, the lowest part of the Dockum Group and the 
Popo Agie Formation may be slightly older than the 
Petrified Forest Member, the main vertebrate-bear
ing part of the Chinle Formation in the central part 
of the Colorado Plateau. According to Colbert and 
Gregory (in Reeside and others, 1957, p. 1464), the 
Petrified Forest l\1ember 11may be thought of as 
representing approximately a middle segment of 
Upper Triassic or Keuper sedimentation." 

INTERPRETATIONS 

The Chinle Formation and related strata consist of 
a wide variety of strata deposited under different 
environmental conditions and derived from several 
source areas. The environments under which the 
various rock types were deposited and the sources 
of the sediment are described here. As the lower and 
upper parts of the Chinle Formation differ signif
icantly in their depositional history, the origin of 
each part is discussed separately. 

LOWER (BENTONITIC) PART OF CHINLE FORMATION 

The lower (bentonitic) part of the Chinle Forma
tion consists of variegated claystone, clayey siltstone, 
and clayey sandstone and thin widespread units of 
ledge-forming sandstone and conglomerate such as 
the Shinarump and Moss Back Members and the 
Sonsela Sandstone Bed. It is believed to consist of 
continental deposits laid down in streams and lakes 
and on flood plains. The primary source of the 
detrital material was probably the Mogollon high
land, in southern Arizona, and adjacent areas (fig. 
31). This highland supplied mainly volcanic debris 
but also supplied some material derived from lime
stone, sandstone, metasedimentary rocks, and prob
ably granitic rocks. The Uncompahgre and Front 
Range highlands of Colorado and adjacent areas also 
supplied some material, derived from Precambrian 
granitic and metamorphic rocks and probably 
Paleozoic sedimentary rocks, to this part of the 
Chinle Formation. 

ENVIRONl\,IENT OF DEPOSITION AS INDICATED BY FOSSILS 

The lower part of the Chinle Formation contains 
an abundant fossil fauna and flora, including pelecy
pods, gastropods, arthropods, fish, amphibians, 
reptiles, and plants. All these fossils indicate a 
continental environment of deposition. 

Invertebrate remains occurring in the lower part 
of the Chinle Formation are mainly from fresh
water forms that lived in lakes and streams. Unio, 
a common pelecypod in the formation, is a fresh
water form today and probably has been throughout 
its geologic history. The gastropod T1·iasamnicola, 
a genus named for specimens found in the Chinle 
Formation, has been regarded as a fresh-water form 
because of its association with other fresh-water 
invertebrates (Yen and Reeside, 1946). Arthropods, 
including ostracodes, branchiopods, and insects, have 
been found in the lower part of the Chinle Forma
tion. Since ostracodes occur in both fresh-water and 
marine environments (Moore and others, 1952), they 
do not give definite evidence for either. Branchiopods 
are represented by bivalve crustaceans referred to 
the genus "Lioesteria," a form similar to Estheria, 
which is a brackish- or fresh-water form that has 
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FIGURE 31.- Isopach map, current directions in sandstone and conglomerate units, and source areas of the lower (bentonitic) 
part of Chinle Formation and related strata. 

been reported from Pleistocene fresh-water clays in 
Canada (Moore and others, 1952). Insects are rep
resented mainly by trails and burrows in petrified 
wood (Walker, 1938). An "object that appears to be 

a beetle" has been identified by Roland Brown 
(written commun., 1955) in southeastern Utah. 

Vertebrate remains occurring in the lower part of 
the Chinle Formation are from aquatic and dry-land 
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upland forms. The fish Semionotus is considered by 
Colbert (1952) to have lived in shallow streams and 
lakes. The lung fish Ce1·atodus is likewise a fresh
water form. The only living species of Ce1·atodus 
(or N eoce1·atodus) is found only in Australian rivers, 
where it lives in stagnant pools and water holes (J. 
W. Bridge; quoted in Lull, 1947). The amphibian 
Eu1Jelo'r was generally about 4 to 6 feet long and 
characterized by an enormous flat skull and small 
feeble limbs (Colbert and Imbrie, 1956). It was 
aquatic and may never have left the water (Colbert 
and Imbrie, 1956; Branson and Mehl, 1929). The 
reptiles include Hesperosuchus, Typothorax, Phy
tosaunts (Machaeroprosopus), Coelophysis, and 
Place1·ias. Hespe?·osuchus (Colbert, 1952) was a 
lightly constructed bipedal carnivorous animal about 
4 or 5 feet long, the smallest reptile known to have 
occurred in the Chinle Formation. It was adapted 
to move rapidly and was probably an upland form 
living on firm dry ground. Typotho1·ax was an 
armored herbivorous quadrupedal flat reptile about 
10 feet long whose limbs were large and well 
developed but short. It was probably an upland form 
that lived mostly on land (Colbert, 1950, p. 63; 1960, 
p. 60), where its armor made it practically impreg
nable to attack. Phytosau1·us was a four-footed car
nivorous animal closely resembling, but not related 
to, the present-day crocodile (Camp, 1930; Colbert, 
1947b). The largest individuals were probably as 
much as 20 feet long. This animal probably lived 
along the banks of streams much like the present
day crocodile. Coelophysis, one of the first dinosaurs, 
was carnivorous and bipedal. It was 6 to 8 feet long 
but so lightly built that it probably weighed only 40 
or 50 pounds (Colbert, 1955; 1960, p. 60). Its hind 
legs were very strong and well adapted for walking; 
its front legs were short and bore mobile hands 
adapted for grasping. Coelophysis must have in
habited fairly dry land over which it could move 
with agility (Colbert, 1950; 1960, p. 60). Placerias 
(Camp and Welles, 1956) was a herbivorous quad
rupedal mammallike reptile about 7 feet long and 3 
feet high. It had "tusks" extending out from the 
upper jaw, and jaws capable of mashing and grind
ing food. Place1·ias was the chief herbivorous reptile 
of its time and was probably an upland form. 

Plants, both land and swamp forms, are the most 
abundant fossils in the lower part of the Chinle 
Formation. They grew on the depositional plain of 
the Chinle Formation (Daugherty, 1941, p. 29 and 
35). Upright stumps with roots traceable for more 
than 10 feet, and pith casts of Neocalamites with 
rhizomes traceable for several feet (Daugherty, 
1941, p. 29), indicate that some of the plants are 

preserved in their original position. Petrified logs of 
the conifer Araucarioxylon arizonicum are com
monly 3 or 4 feet in diameter and from 60 to 100 
feet in length. Judging from the habitat of living 
araucarians, this conifer lived along the borders of 
streams or on moist slopes (Daugherty, 1941, p. 30). 
Remains of M acrotaeniopte1·is and Neocalamites are 
abundant, and these plants probably required a 
swamp environment (Daugherty, 1941, p. 31, 33). 
The swollen and fluted bases of Schilde1·ia adamanica 
are similar to the trunks of the bald cypress that 
grows in today's swamps (Daugherty, 1941, p. 31). 
The remaining plant fossils include fungi, ferns, 
lycopods, cordaites, cycadophytes, a ginkgo, and 
other conifers and sphenopsids, most of which 
required moist land areas. 

MOTTLED STRATA 

The mottled strata are rocks with a peculiar 
mottling of reddish purple, pale reddish brown, and 
light greenish gray that occur mainly in the basal 
part of the Chinle Formation and in the top few feet 
of the strata - of the Moenkopi Formation, for 
example- that immediately underlie the Chinle 
Formation. Several ideas have been proposed to 
explain the origin of the mottled strata. Most geolo
gists (W. L. Stokes, quoted in Johnson, 1957; John
son, 1957, 1964; G. M. Richmond, quoted in Finch, 
1959, p. 151; and Schultz, 1963) believe these strata 
to represent fossil soils. Robeck (1956) believes that 
the mottled colors were produced by circulating 
solutions shortly after deposition of the strata, 
whereas Kerr and Abdel-Gawad (1964) believe them 
to be due to the action of hydrothermal solutions. 

AvaUable evidence seems to support the idea that 
the mottled strata are fossil soil zones, although, as 
indicated by the above-cited discussions, their origin 
is still in controversy. The mottling occurs mostly 
along the pre-Chinle unconformity, where a soil 
would be likely to form, although very rarely similar 
mottling occurs as much as 250 feet above the base 
of the Chinle. The wide distribution of the mottled 
strata and their development in different types and 
ages of rocks, but generally in the basal few feet of 
the Chinle Formation or the top few feet of directly 
underlying rocks, suggests widespread soil zones 
developed on rocks of different characters. In most 
places, moreover, the mottling decreases downward 
and gradually gives way to the normal colors of the 
underlying unaltered rock, in a way that is char
acteristic of the lower part of a soil profile. 

The mineralogic differences. between the mottled 
strata and unaltered rock are also indicative of a soil 
zone. The mottled strata at the top of the Moenkopi 
Formation, where they underlie the Chinle Forma-
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tion, commonly contain more kaolinite, more mixed
layer illite-montmorillonite, and less illite than the 
unaltered rocks of the Moenkopi Formation (Schultz, 
1963, p. C47-C48). These mottled strata in the 
Moenkopi Formation contain little chlorite and no 
feldspar, although both these minerals are common 
in the unaltered Moenkopi rocks. Such development 
of kaolinite and destruction of feldspar and chlorite 
commonly occur in soils, particularly in those of 
tropical and subtropical regions. 

Finally, as has been indicated by Schultz (1963, p. 
C53) and Johnson (1964), this type of mottled 
coloration is common in paleosoils and modern soils 
elsewhere. 

CROSS-STRATIFIED SANDSTONE AND CONGLOMERATE 

Cross-stratified sandstone and conglomerate such 
as occur in the Shinarump and Moss Back Members 
and the Sonsela Sandstone Bed are believed to be 
stream deposits. Such an origin is indicated by the 
presence of cross-strata, channel and scour surfaces, 
and conglomerate layers. A fluvial environment is 
also suggested by the common occurrence of plant 
debris and the local occurrence of continental verte
brate remains. 

The sandstone and conglomerate layers in these 
stratigraphic units are lithologically similar to the 
modern point-bar deposits described by Frazier 
and Osanik ( 1961), by Harms, MacKenzie, and 
McCubbin (1963), and by Harms and Fahnestock 
(1965), and are regarded as ancient examples of 
such deposits. The point-bar deposits in modern 
streams are formed by lateral accretion on the convex 
sides of meander bends as the stream m~grates 
laterally (fig. 32). They are characteristically made 
up of trough sets of cross-strata, although planar 
sets occur locally. The uppermost layers in these 
modern deposits are generally ripple laminated 
(small-scale trough cross-strata) , and the ripple 
laminae are commonly of a type called rib-and
furrow structures (Stokes, 1953). The size and shape 
of the cross-strata ii?- the Chinle are commonly very 
similar to those in modern point-bar deposits; ripple
laminated layers (rib-and-furrow structures) occur 
at the top of the sandstone units in the Chinle, as they 
do in modern deposits. In addition, conglomerate 
layers characteristically occur at the bases of these 
layers in the Chinle Formation, and according to 
Allen (1964) these "channel-lag deposits" are 
common at the bases of modern point-bar deposits. 
According to Visher (1965, fig. 13), point-bar 
deposits are commonly 5 to 50 feet thick, and 
some are as much as 100 feet thick (Frazier and 
Osanik, 1961) ; the sandstone and conglomerate units 

in the Chinle Formation show a similar range of 
thickness. 

In a few areas, the Shinarump Member contains 
features that may be "clay plugs" (fig. 32). Clay 
plugs on the Mississippi River (Fisk, 1944, 1947) 
and Sacramento River (Lorens and Thronson, 1955) 
consist of clay and fine silt deposited in abandoned 
channels or sloughs. At the top of the Shinarump 
Member, or rarely within it, are elongate masses of 
greenish-gray silty claystone, siltstone, and clayey 
sandstone that fill channels cut into sandstone; it 
seems almost certain that these are fossil clay plugs. 

Many, and perhaps most, of the channels at the 
base of the Shinarump Member and of other mem
bers of the Chinle are considered to be valleys filled 
in by stream deposits. Some of the channels at the 
base of the Shinarump Member in the Monument 
Valley area (Witkind, 1956) are 50 feet or more 

·deep and only 150 to 400 feet wide-much too deep 
relative to their width to be the cross section of a 
river. The deeper channels, therefore, were probably 
valleys in an old land surface in which the streams 
may have flowed 40 or more feet below the sur
rounding land area even during flood stage. 

The fluvial Shinarump and Moss Back Members 
and Sonsela Sandstone Bed of the Chinle Formation 
have been considered remarkable by many geologists 
because their distribution is so widespread in com
parison with their thickness. The Shinarump Mem
ber occurs in an area of about 140,000 square miles, 
although it is locally absent within this area. It may 
average about 30 feet in thickness, though it is 
locally as much as 200 feet thick. The Moss Back 
Member is more .continuous and covers at least 
10,000 square miles. It averages about 60 feet in 
thickness. The Sonsela Sandstone Bed covers about 
24,000 square miles and averages about 30 to 40 
feet in thickness. 

Such thin widespread fluvial units are fairly 
common in other parts of the geologic section. Stokes 
(1950) discussed several conglomerate units of this 
type on the Colorado Plateau and adjacent regions, 
including "the Shinarump and equivalents of Triassic 
age, the Buckhorn and equivalents of probably early 
Cretaceous age, and the Dakota of probable late 
Cretaceous age." In addition, several thin widespread· 
fluvial units occur in the Tertiary and Quaternary 
strata of the United States. These include the Flax
ville Formation (Miocene or Pliocene) of the north
ern Great Plains (Alden, 1932; Collier and Thorn, 
1918), the Bishop Conglomerate (Oligocene or 
Miocene) of the north flank of the Uinta Mountains 
in Utah and Wyoming (Bradley, 1936), and the 
"graveliferous" deposits (Holocene) of the Missis-
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FIGURE 32.-- Idealized map and section showing deposits of a meandering river. 

sippi River (Fisk, 1944, 1947). The upland gravels 
(Pliocene?) of Maryland (Schlee, 1957; Hack, 1955) 
are also thin fluvial deposits, but they cover only a 
relatively small area. 

The wide distribution of these units has generally 

472-202 0 - 72 - 7 

been attributed to one of two causes: ( 1) lateral 
accretion as a stream migrates across a plain, or 
(2) aggradation due to a change in regimen of a 
stream flowing across a plain. 

The lateral accretion hypothesis is based on the 
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often observed relation that a stream leaves behind 
a thin alluvial deposit (point-bar deposit) as it 
migrates laterally (fig. 32). The underlying erosion 
surface is produced by the stream as it migrates. 
Drilling has shown that a Holocene deposit of this 
type extending along the Mississippi River is nearly 
2 miles wide (Fraz_ier and Osanik, 1961, fig. 2), and 
presumably others are even wider. 

According to the second hypothesis, the formation 
of such a deposit is due to a change in regimen of 
a stream flowing across a plain. A study by Happ 
(1948) showed that the middle Rio Grande, in New 
Mexico, is aggrading its channel at the rate of about 
1 foot in 12 years throughout this 133-mile-long 
part of its course. It is now depositing a long 
narrow ribbon of sediment, but if in the future it is 
allowed. to continually shift its course across the 
plain, it could, according to this hypothesis, cover 
a belt several miles wide. 

The first of these hypotheses is the one that seems 
most applicable to the Chinle Formation. The sand
stone and conglomerate units in the Chinle Forma
tion closely resemble those of modern point-bar 
deposits, and their wide distribution may also be due 
to this type of deposition. 

CROSS-STRATIFIED CLAYEY SANDSTONE 

Clayey sandstone is common in the Monitor Butte 
and related members and in the Petrified Forest 
Member and is lithologically distinct from the cross
stratified sandstone and conglomerate that occur in 
the Shinarump and similar members. The clayey 
sandstone commonly contains at least 20 percent 
silt or clay, occurs in nonresistant slope-forming 
layers, and is composed of very low angle cross
strata in very shallow trough sets. The sandstone 
and conglomerate of the Shinarump and related 
members, on the other hand, commonly contain no 
more than 10 percent clay, occur in ledge-forming 
layers, and are largely composed of medi urn- to 
high-angle cross-strata in trough- and tabular-planar 
sets. 

The clayey sandstone units are believed to be 
stream deposits, and the reasons for their lithologic 
differences from the Shinarump and similar mem
bers are not understood. Their high clay content 
may reflect a difference in the type of material sup
plied to them, or it may indicate that the sediments 
in these units were less reworked than those in the 
relatively clean sandstone of the Shinarump. It is 
possible, on the other hand, that at least part of the 
clay in these units was formed, after their deposition, 
by alteration of volcanic debris (Schultz, 1963, p. 
C30-C39). The hydraulic conditions under which 

the clayey sandstone and shallow trough sets of low
angle cross-strata formed are not known, but they 
appear to have been different from those attending 
the deposition of the sandstone and conglomerate 
of the Shinarump and similar members. 

RIPPLE-LAMINATED SANDSTONE 

Very fine grained ripple-laminated sandstone 
units are common at the top of the Shinarump Mem
ber, in the Monitor Butte and lower red members, 
and locally elsewhere in the lower part of the Chinle 
Formation. The prominent ledge-forming sandstone 
units, from a few feet to 20 feet thick, in the 
Monitor Butte and lower red members are commonly 
composed entirely of ripple-laminated beds. 

The ripple-laminated sandstone in the lower part 
of the Chinle Formation locally contains parallel 
ripples, both symmetrical and asymmetrical, but 
most of the ripple-laminated strata have what is 
called a rib-and-furrow structure (Stokes, 1953) 
believed by Allen (1963) to have been formed by 
downstream migration of lunate or linguoid ripples. 

The ripple-laminated strata (mostly rib-and
furrow structures) at the top of the Shinarump 
Member are considered to be the uppermost part of 
point-bar deposits. Almost identical structures have 
been described in the topmost layers of modern 
point-bar deposits by Harms, MacKenzie, and 
McCubbin (1963, pl. 4B) and by Harms and Fahne
stock (1965, pL 4, fig. 3). 

The similar ripple-laminated strata in the Monitor 
Butte and lower red members, however, may not be 
related to point-bar deposition. They occur in sand
stone layers interstratified with slope-forming clayey 
sandstone, siltstone, and claystone. These slope
forming clay- and silt-rich strata, to judge from 
their fine texture and even stratification, may repre
sent, in part at least, flood-plain or lake deposits. 
Ripple-laminated strata are characteristic of flood 
plains where abundant sand is introduced and 
quickly deposited (McKee, 1965), and those in the 
Monitor Butte and lower red members may have that 
origin. 

The ripple-laminated strata in the Monitor Butte 
and lower red members occur commonly in contorted 
layers (fig. 11) or in irregular blocks lying at al
most any attitude. Some of the disruption of strata 
may be due to recent landslides, but in places some 
of the strata are truncated at the top and overlain, 
with a sedimentary contact, by undeformed hori
zontal beds. 

The most likely_ explanation of the contorted strata 
is that they were involved in landslides that occurred 
during Chinle time. The possible clay plugs (fillings 
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of abandoned channels) commonly contain contorted 
strata, as they likely would if the contortion is due 
to slumping. 

STRUCTURELESS OR HORIZONTALLY STRATIFIED 
CLAYSTONE AND CLAYEY SILTSTONE 

Structureless or horizontally stratified claystone 
and clayey siltstone consitute a large part of the 
Petrified Forest Member and a lesser part of the 
Monitor Butte and related members. As has already 
been said, they consist largely of montmorillonitic 
clay and contain rounded fragments of altered 
pumice, many as much as 3 mm in diameter, and 
some silty material composed of quartz and feldspar. 
The clay in the rock was formed by alteration of 
pumice and volcanic ash. The claystone and clayey 
siltstone commonly contain limestone nodules. 

The claystone and clayey siltstone could have 
formed either from ash-fall deposits or from ash and 
pumice carried in streams and deposited in lakes or 
river basins. The ash-fall hypothesis is apparently 
ruled out for at least two reasons. First, the rock 
itself contains rounded fragments of pumice, at least 
0.2 mm in diameter, that seem too large to have been 
transported in the air for the necessary distances. 
Second, the wind directions indicated by structures 
in the Permian, Triassic, and Jurassic rocks of the 
Colorado Plateau are consistently southerly (Poole 
and Williams, 1956; Poole, 1962), whereas only 
northerly winds could have transported debris from 
the presumed source of the pumice in southern 
Arizona and adjacent States. 

As ash falls seem unlikely, transport of the glassy 
volcanic material in streams and deposition of it in 
river basins or lakes are indicated. Quiet-water 
deposition is suggested by the even, horizontal 
bedding of the claystone and clayey siltstone. The 
presence of limestone nodules is also consistent with 
the idea of subaqueous deposition. 

LOCATION A.ND TERRANE OF SOURCE AREAS 

The main source for sediment in the lower part 
of the Chinle Formation is considered to be a broad 
area in southern Arizona and adjacent parts of New 
Mexico and California for which Harshbarger, 
Repenning, and Irwin (1957, p. 44) proposed the 
name "Mogollon highland." The Uncompahgre and 
Front Range highlands of Colorado and adjacent 
States also contributed some material. These source 
areas are indicated by the direction of streamflow, 
distribution of types of constituent material, and 
stratigraphic hiatuses in the supposed source areas. 

MOGOLLON HIGHLAND 

A southern source in the Mogollon highland for 
rocks in the lower part of the Chinle Formation is 

strongly indicated by several lines of evidence. The 
streams that deposited the rocks are shown by the 
orientation of cross-strata to have flowed northwest 
to north-northeast (fig. 31) across most of the 
Colorado Plateau. This source is also indicated by 
regional differences in maximum sizes of pebbles, 
cobbles, and boulders in the lower part of the Chinle 
Formation. The maximum size of detrital material in 
the Shinarump Member in east-central Arizona is 
284mln, whereas it is generally 40 to 50 mm in parts 
of southeastern Utah, about 200 miles to the north 
(fig. 28) ; and the Sonsela Sandstone Bed shows a 
decrease in maximum gravel size from more than 
150 mm in the southern part of its area of distri
bution to less than 50 mm in the northern part (fig. 
30). 

The distribution of certain types of constituent 
material also supports the conclusion that a source 
area lay south of the Colorado Plateau. Volcanic 
pebbles occur almost exclusively in the southern part 
of the plateau (Thordarsen and others, "Conglom
erate Studies," this report), and tuffaceous detritus 
and detrital feldspar are most abundant in the 
sandstone of the Shinarump and Petrified Forest 
Members in this same general area (R. A. Cadigan, 
"Sedimentary Petrology," this report, and written 
commun., 1965). 

Additional evidence of a southern source is that 
erosion is known to have taken place during early 
or middle Mesozoic time in the appropriate area in 
southern Arizona and adjacent regions. In southern 
Arizona and southwestern New Mexico, and in 
Sonora, Mexico, Cretaceous rocks rest unconform
ably on Paleozoic or Precambrian rocks (Darton, 
1925, p. 135; Butler an·d Wilson, 1938, p. 13; Ross, 
1925; Gilluly, 1956; Paige, 1922; Lasky, 1936; Tali
aferro, 1933). In Cochise ·County, Ariz., the 
Cretaceous strata overlie rocks ranging in age from 
Precambrian to Permian on a surface having con
siderable relief (Gilluly, 1'956, p. 123). Clearly, then, 
southern Arizona and adjacent regions were land 
areas during at least part of early Mesozoic time. 

The Mogollon highland is considered to have been 
mainly a volcanic terrane. The volcanic debris in the 
lower part of the Chinle Formation, as said above, 
consists of volcanic pebbles, pumice fragments, and 
montmorillonite probably derived from the alteration 
of volcanic debris. The. volcanic pebbles in thi~ part 
of the Chinle are vitric and crystal tuffs and vitro
phyres of rhyolitic composition in the Shinarump 
Member; they are of intermediate composition, per
haps quartz latite or dacite, in the Petrified Forest 
Member (Schultz, 1963). 

Volcanic rocks of definite or possible early 
Mesozoic age that could be a source for the volcanic 
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debris in the Chinle Formation occur in southeastern 
Arizona and in southeastern California. Hayes, 
Simons, and Raup (1965) described rhyolitic lavas, 
rhyolitic welded tuffs, and subordinate sedimentary 
rocks in southeastern Arizona that are younger than 
Early Permian and older than Early Cretaceous. In 
the same region, Gilluly (1956) recognized granite, 
granite porphyry, quartz monzonite, monzonite 
porphyry, and associated alaskite that intrude Paleo
zoic formations as young as Permian and are un
conformably overlain by sedimentary rocks of Early 
Cretaceous age. In southeastern California, Triassic 
and (or) Jurassic andesite flows, pyroclastic rocks, 
welded tuff, and volcanic sandstone have been de
scribed by Grose ( 1959, p. 1526-1528) ; possible 
Triassic andesite flows have been described by B. K. 
Johnson (1957, p. 385-388), and possible Triassic 
andesitic fl.ows, tuffs, and breccias ·have been de
scribed by Merriam (1963, p. 31). 

The presence of fossiliferous chert pebbles in the 
lower part of the Chinle Formation indicates that 
marine cherty limestone or dolomite was exposed 
in the southern source area. The fossils include 
fusulinids, brachiopods, bryozoa, and, to a lesser 
extent, gastropods, pelecypods, corals, algae, cri
noidal material, sponges, ostracodes, and echinoid 
spines (Thordarson and others, "Conglomerate 
Studies," this report; McKee, 1936). The great 
majority of the fossils in the pebbles are of Permian 
age; a few may be of Pennsylvanian or Mississippian 
age. Most of the brachiopods and bryozoa are of 
types that occur in the Kaibab Limestone (Thordar
son and others, "Conglomerate Study," this repqrt; 
McKee, 1936). Fusulinids, on the other hand, are 
not known to occur in the Kaibab Limestone (L. G. 
Henbest, written eommun., 1954), and the source of 
the fusulinid-bearing pebbles must therefore be 
fusulinid-bearing strata laterally equivalent to the 
Kaibab. 

Pebbles . of quartz and quartzite in the· lower 
Chinle in the southern part of the Colorado Plateau 
region may have been de;rived directly from· quartz 
veins and quartzite formation· in the Mogollon high
land. . or, indirectly, from cqnglomerate layers in 
sedimentary rocks there. The Precambrian· rocks of 
$OQthern Arizona, composed of gneiss, schist, granite, 
and various types of met~sedime.ntary rocks, in
cluding quartzite (Darton,.1925), are a likely source. 
Some of the quartz and quartzite pebbles could have 
been derived from conglomerate layers which occur 
in . the Precambrian and Cambrian rocks · (Darton, 
1925) and, to 'a lesser extent, in higher Paleozoic 
formations in Arizona. Stoyanow (1942) mentioned 
conglomerate layers of Pennsylvanian age containing 

boulders of Precambrian quartzite in Gila County, 
Ariz. 

The lower part of the Chinle Formation in the 
southern plateau region contains some grains of 
microcline, and some quartz grains enclosed in quartz 
overgrowths that have been rounded by attrition. 
The feldspar grains could well have come, directly or 
indirectly, from a granitic rock in the· Mogollon 
highland, and the quartz grains, from quartzite or 
some quartz-bearing sandstone exposed on that 
highland. 

UNCOMPAHGRE HIGHLAND 

A small amount of sediment is believed to have 
been contributed to the lower part of the Chinle from 
the Uncompahgre highland, which lies northeast of 
the main depositional area of the Chinle. The Shi
narump Member in the White Canyon-Elk ·Ridge 
area, the Agua Zarca Sandstone Member in north
central New Mexico, and possibly some other 
material in the lower part of the Chinle Formation 
had this source. The stream directions in the Shi
narump Member (pl. 4) in the White Canyon-Elk 
Ridge area are mostly to the west, indicating a high
land somewhere to the east. Stream directions in the 
Agua Zarca Sandstone Member (pl. 4) in north
central New Mexico are to the south and southwest, 
indicating a highland to the north or northeast. 
Pebble sizes decrease generally to the northwest 
and west in the Shinarump Member in the White 
Canyon-Elk Ridge area and generally to the south
west in the Agua Zarca Sandstone Member (Thor
darson and others, "Conglomerate Studies," this 
report; fig. 28). In addition, the pebbles in the Shi
narump Member in the White Canyon-Elk Ridge 
area are, on the average, over 80 percent quartz, 
whereas -in other areas they are generally not more 
than 50 percent quartz (Thordarson and others, 
"Conglomerate Studies," this report; fig. 27; table 
6). The Agua Zarca Sandstone Member contains 
large pebbles and cobbles of quartzite and quartzite 
conglomerate that may have been derived from 
metamorphic rocks to the north ( Gabelman and 
Brown, 1955). 

The rocks exposed in the Uncompahgre highland 
during Late Triassic ·time consisted dominantly of 
Precambrian igneous and metamorphic rocks. The 
rocks now exposed in the rejuvenated parts of this 
highland include granite, gneiss, schist, and quartzite 
(Shoemaker, 1956a; Larsen and Cross, 1956; Mont
gomery, 1956). The Chinle Formation is underlain 
on the flanks of the Uncompahgre highland by 
Paleozoic rocks, mostly red arkosic sandstone, con
glomerate, and siltstone of Pennsylvanian and 
Permian age (pl. 3). These rocks also must have 
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contributed sediment to the lower part of the Chinle 
Formation. 

FRONT RANGE HIGHLAND 

In the northern part of the Colorado Plat~au and 
adjacent areas, a major source area for strata in 
the lower part of the Chinle Formation was the 
Front Range highland. In the Gartra Member of the 
Chinle Formation, which constitutes much of the 
thin lower part of the Chinle Formation in that 
area, the stream directions (pl. 4) indicated by the 
orientation of cross-strata are to the west and north
west, indicating a source to the east and southeast. 
This evidence is confirmed by a westward decrease 
in gravel sizes, from over 75 mm in central Colorado 
to less than 25 mm in northeastern Utah (fig. 28). 

In the Uinta Mountains the ocher siltstone mem
ber of the Chinle Formation, which is there at the 
top of the lower Chinle, contains abundant mont
morillonitic clay believed to have been formed by 
alteration of volcanic debris (Schultz, 1963, p. C37-
C38). In this respect, the ocher siltstone member 
resembles the Petrified Forest Member, but, as has 
already been said in the sections on these members, 
the ocher siltstone member appears to have been 
deposited in a separate basin extending northward 
into Wyoming, where the correlative Popo Agie 
Formation occurs. These relationships suggest that 
some volcanic source existed far to the north of the 
one in the Mogollon highland. 

In the Front Range highland, as in the U n
compahgre highland, the rocks exposed during Late 
Triassic time were dominantly Precambrian igneous 
and metamorphic rocks and Paleozoic sedimentary 
rocks, mostly red arkosic sandstone, conglomerate, 
and siltstone (pl. 3). 

UJJI>ER (RED-BEDS) PART OF CHINLE FORMATION 

The upper (red-beds) part of the Chinle Forma
tion consists mainly of reddish-brown horizontally 
bedded siltstone but includes some limestone, hori
zontally laminated, ripple-laminated, or wavy-strati
fied siltstone or sandstone, cross-stratified fluvial 
sandstone, irregularly bedded limestone pebble con
glomerate, and cross-stratified eolian sandstone. 
Most of it, except for the fluvial and eolian units, 
was probably deposited in a large shallow lake. Its 
main source areas (fig. 33) were the Uncompahgre 
and Front Range highlands, but it received some 
debris from the Mogollon highland. 

ENVIRONMENT OF DEPOSITION AS INDICATED BY FOSSILS 

The fauna and flora of the upper part of the 
Chinle Formation are scanty compared with those 
in the lower part, but the fossils in the two parts are 
mostly of the same type. The apparent decrease in 

fauna and flora has been interpreted as an indication 
of increased aridity (Daugherty, 1941, p. 28) during 
late Chinle time, but a relative scarcity of fossils 
could also be explained by poor conditions for pres
ervation. 

The most abundant types of fossils in the upper 
part of the formation are fresh-water pelecypods 
and gastropods. The pelecypod· Unio, which occurs 
in limestone of the Owl Rock Member and in silt
stone, sandstone, and limestone pebble conglomerate 
elsewhere in the upper part of the formation, lives 
today in lakes and rivers and has probably been a 
fresh-water form through its geologic history. The 
gastropod Triasamnicola, which occurs in the lime
stone of the Owl Rock Member, was called a fresh
water form by Yen and Reeside (1946). 

Vertebrate remains in the Chinle, including fishes 
and reptiles, indicate aquatic and, to a lesser extent, 
dry-land conditions. Fish remains, which occur in 
the narrow belt of fluvial sandstone in the upper 
part of the formation that extends from southwest
ern Colorado to central Utah, appear from their 
association with other fresh-water fossils to be 
fresh-water forms. The reptile rem~ins include 
Phytosau'rus, which is fairly common, and Typo
thorax and Coelophysis, which are known from only 
one locality each. Phytosaurus was a crocodilelike 
animal that lived in streams and along their banks 
(Camp, 1930; Colbert, 1947b). Typotho'tax probably 
was an upland form (Colbert, 1950, p: 63; 1960, p. 
60). Coelophysis, which occurs in beds transitional 
between the lower and upper parts of the formation 
in north-central New Mexico, was probably an agile 
dry-land animal (Colbert, 1950; 1960, p. 60). Many 
of the reptile remains occur in fluvial sandstone and 
conglomerate units, commonly in limestone pebble 
conglomerate. 

The only plant fossils in the upper part of the 
Chinle Formation are a few remains of cycads (Hills, 
1880), conifers, and what may have been a palm tree 
(Brown, 1956). 

Most of the fossil animals and plants in the upper 
part of the Chinle Formation, then, are aquatic 
fresh-water forms, and only a few are dry-land or 
upland forms. Perhaps most of the sedimentary 
basin was under water at this time and land areas 
were small. The lower part of the Chinle Formation, 
on the other hand, contains many upland vertebrate 
remains and was probably deposited in an area that 
included much dry land. 

STRUCTURELESS AND HORIZONTALLY BEDDED 
SILTSTONE 

The dominant lithologic type in the upper part of 
the Chinle Formation is pale-reddish-brown hori-
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FIGURE 33.- Isopach map, current directions in sandstone units, and source areas of upper (red-beds) part of Chinle Forma
tion and related strata. Isopach map includes part of Dolores Formation in southwestern Colorado and all of Rock Point 
Member of Wingate Sandstone in northeastern Arizona and northwestern New Mexico. 

zontally stratified coarse siltstone and very fine 
grained sandy siltstone, locally grading into silty 
claystone and fine siltstone. The siltstone and sandy 

siltstone occur in poorly defined horizonal beds less 
than a foot to more than 4 feet thick. No fossils are 
known to have· been found in these rocks. 
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The origin of these strata is uncertain. Because of 
their relatively fine texture and the rarity in them 
of sedimentary structures that indicate current 
action, it is safe to say that they were deposited in 
quiet water. The siltstone and sandy siltstone are, in 
fact, interstratified, in the Owl Rock Member, with 
limestone that contains fresh-water fossils such as 
Unio and that may have been deposited in a lake. 
The horizontal bedding in these strata is also indica
tive of a lake environment. Some modern lake 
sediments contain delicately layered sediments 
(Bradley, 1929; Hough, 1958), whereas others con
tain indistinctly bedded or unlaminated sediments 
(Hunt and others, 1953; Hough, 1958) similar to 
those in the upper part of the Chinle Formation. 

The siltstone and sandy siltstone are not, however, 
by any means typical lake deposits. Most lake 
deposits are much finer grained. In present-day or 
Quaternary lake deposits, the grain size is generally 
from 1 to 5 microns (Emery, 1954; Hunt and others, 
1953; Hamilton, 1951; Rolfe, 1957; Hough, 1958), 
whereas in the siltstone and sandy siltstone of the 
upper part of the Chinle Formation it ranges from 
about 40 to 80 microns (Harshbarger and others, 
1957; Cadigan, 1957a), which is approximately the 
grain size of material carried in suspension in 
streams (Sykes, 1937; Colby and others, 1953; Fisk 
and others, 1954; Johnston, 1921). Most lake sedi
ments are gray, greenish gray, or black (Hough, 
1958; Hunt and others, 1953; Bradley, 1929), owing 
in part to the presence of ferrous-iron compounds 
formed under the reducing conditions brought about 
by abundant decaying vegetation on the lake 
bottoms. But the siltstone and sandstone in the upper 
part of the Chinle Formation are red because of the 
presence of ferric iron in their hematitic pigment, 
and they contain no preserved organic material. 

In places, the horizontally stratified siltstone and 
sandy siltstone is interstratified with ripple-lami
nated and cross-stratified sandstone and siltstone 
that were probably deposited in streams. This 
association of quiet water and fluvial deposits sug
gests that some of the siltstone and sandy siltstone 
may have been deposited on flood plains. The propor
tion of lake and flood-plain deposits in the upper part 
of the Chinle is not known, but as fluvial deposits are 
relatively scarce in the upper Chinle, flood-plain 
deposits may be also. 

LIMESTONE 

Limestone occurs in thin to thick horizontal 
beds interstratified with reddish-brown horizontally 
stratified siltstone and sandy siltstone in the Owl 
Rock Member. Some of. it has been formed where 
calcite and dolomite have partially replaced water-

laid volcanic sandstone, composed originally of sub
rounded to rounded grains of glassy porphyritic 
volcanic rock and pumice set in a finer grained 
matrix. Other limy rock includes calcareous arkosic 
or feldspathic siltstone in which a carbonate cement, 
which fills interstitial spaces, constitutes a large part 
of the rock. Some of the limestone beds may have 
formed by the growth and coalescence of limestone 
nodules; all gradations occur from layers containing 
a few scattered limestone nodules to layers contain
ing a tight coalesced mass of nodules. 

The limestone is believed to have been formed in 
lakes, because it· contains a fresh-water fauna, in
cluding the pelecypod Unio. Some of the limestone 
beds appear to have formed by diagenetic replace
ment of tuffaceous layers on a lake floor. Other beds, 
some of which might more accurately be called 
calcareous siltstone, were formed by carbonate 
cementation of detrital siltstone. In some places 
carbonate minerals may have been chemically pre
cipitated on a lake floor and mixed with detrital 
minerals coming from outside the basin of deposition. 

WAVY-STRATIFIED SILTSTONE AND SANDSTONE 

The rocks considered here include sandy siltstone 
and silty sandstone that exhibit a vaguely defined 
low-amplitude waviness on their stratification planes, 
ripple-laminated siltstone and sandstone, and well
sorted horizontally laminated to bedded sandstone 
and silty sandstone in which the bedding surfaces 
are slightly wavy. These rocks from thin to very 
thick beds interstratified with the structureless to 
horizontally bedded siltstone, and less commonly 
with other lithologic types, in the upper part of the 
Chinle Formation. 

The dominant types of wavy-stratified siltstone 
and sandstone in the upper part of the Chinle Forma
tion exhibit a vaguely defined low-amplitude waviness 
on their bedding planes. In some places the bedding 
planes are marked by films of darker colored finer 
grained siltstone or claystone or by swarms of clay
stone pellets. Mud-cracked surfaces, worm borings, 
and raindrop impressions occur locally. In some 
places the wavy-stratified siltstone and sandstone 
grade into rocks that exhibit well-defined ripple 
laminae, while in other places they grade into, and 
are difficult to separate from, the structureless to 
horizontally bedded siltstone. The Wavy-stratified 
siltstone and sandstone may have been deposited by 
the sheet-flow action of unconfined currents, or by 
waves, in shallow water. Most likely they were 
deposited along lake shores or in or near streams. 
The presence of mud-cracked surfaces and raindrop 
impressions indicates that they were sometimes 
exposed to the air. 
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Strata composed of well-defined sets of parallel 
or cuspate ripple laminae or of horizontal laminae 
and thin horizontal beds also occur in the upper 
part of the Chinle Formation but are not as common 
as the low-amplitude wavy-stratified siltstone and 
sandstone. The ripple-laminated strata are common
est in ar~as containing a large amount of trough
cross-stratified sandstone and siltstone; one of these 
areas is a belt extending from west-central Colorado 
to central Utah. As the ripples in these strata are 
mostly asymmetrical, indicating deposition by current 
action, they were probably deposited in stream 
channels or on river flood plains. 

Some well-sorted horizontally laminated to bedded 
sandstone and silty sandstone, in which the bedding 
surfaces are slightly wavy, occur in the Chinle 
Formation and related strata. These rocks are most 
abundant in the upper part of the Dolores Formation 
in southwestern Colorado and in the Rock Point 
Member of the Wingate Sandstone in parts of the 
Defiance uplift. Their texture closely resembles that 
of planar-cross-stratified sandstone in the Rock 
Point Member of the Wingate Sandstone in the 
Defiance uplift that is believed to be eolian, and 
possibly these horizontally stratified rocks were 
formed by fluvial reworking of eolian deposits. 

TROUGH-CROSS-STRATIFIED SANDSTONE, SILTSTONE, 
AND CONGLOMERATE 

Trough-cross-stratified sandstone, siltstone, and 
conglomerate are fairly common in the upper part 
of the Chinle Formation but have a spotty distri
bution. They form the main part of the so-called 
Black Ledge and the Hite Bed, both of which are 
thin units widespread in southeastern Utah, and are 
also abundant in the upper Chinle in an elongate 
belt extending from southwestern Colorado to central 
Utah (pl. 5 and fig. 33). Trough-cross-stratified 
sandstone is also common in some other areas on the 
Colorado Plateau. The scale of the cross-stratification 
and the presence of local channels indicate that this 
rock was stream deposited. The so-called Black 
Ledge and the Hite Bed may be point-bar deposits 
similar to the Shinarump and Moss Back Members, 
although they are finer grained and contain more 
siltstone layers. 

The narrow elongate belt of sandstone extending 
from southwestern Colorado to central Utah (pl. 5 
and fig. 33) contains irregular lenses or tabular 
sheets of sandstone. The sandstone commonly fills 
channels and is associated with ripple-laminated or 
horizontally stratified siltstone and sandstone. This 
belt may mark the position of a large river system 
in the upper part of the Chinle Formation. 

Limestone and siltstone pebble conglomerate and 

calcarenite are 'common at some places in the upper 
part of the Chinle Formation. They are commonly 
associated with trough-cross-stratified sandstone but 
also occur as isolated layers. They make up irregular 
lenses, generally from 0.5 to 3 feet thick, composed 
of pebbles, granules, or coarse to very coarse grains 
of limestone, silty limestone, and siltstone in a 
calcareous and silty matrix. They contain many 
reptile remains. These conglomerate and calcarenite 
units were probably formed by reworking of under
lying layers by stream action or by bottom currents. 

PLANAR-CROSS-STRATIFIED SANDSTONE 

Units of planar-cross-stratified very fine to fine
grained sandstone occur in the Rock Point Member 
of the Wingate Sandstone, a member laterally 
equivalent to strata in the upper Chinle near the 
boundary between northeastern Arizona and north
western New Mexico. The sandstone occurs in units 
10 to 50 feet thick containing cross-strata of the 
tabular-planar, wedge-planar, and trough types. The 
sandstone in these units is similar to, or identical 
with, that in the Wingate Sandstone, of which some 
of the units are tongues. 

These cross-stratified sandstone units are believed 
to be eolian sand-dune deposits. This interpretation 
is based largely on the type of cross-strata, which 
is similar to that of modern dunes as illustrated by 
McKee (1957, figs. 20-22 and pl. 3), Bagnold (1941, 
pl. 14b), Jones (1953, fig. 3), Thompson (1937), 
Huntington (1907, pl. 36, fig. 2 and pl. 38), and 
Beadnell (1910, fig. 11). In addition, high-index 
ripple marks interpreted as of eolian origin occur 
locally in the Wingate Sandstone. Ripple marks in 
the Wingate near Fort Wingate, N. Mex., have a 
ripple index of 1:45, which is characteristic of 
eolian ripple marks; aqueous ripple marks have 
indices generally between 1: 4 and 1: 10 (Kindle and 
Bucher, 1926). Some of the fossils in the upper part 
of the Chinle Formation indicate dry-land conditions, 
showing that an environment suitable for the 
development of sand dunes existed, at least at 
times. 

The eolian units show a cyclic pattern of de
position (fig. 34). The cycle began with deposition 
of a siltstone and sandy siltstone unit, commonly 50 
to 100 feet thick or more, made up of thin to very 
thick horizontal beds. Next followed deposition of a 
unit of horizontally laminated and wavy-laminated 
sandy siltstone and sandstone, generally from 5 to 40 
feet thick, that locally contains a few ripple-marked 
strata, followed in turn by deposition of an eolian 
unit 10 to 50 feet thick, which completed the cycle. 
At Chee Dodge, in the Defiance uplift, this cycle is 
repeated four times in the Rock Point Member. Each 
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FIGURE 34.- Development of cyclic deposits in Rock Point Member of Wingate Sandstone. 

cycle is believed to record the following sequence of 
events: Gradual drying up of a body of water, 
formation of dunes, and, finally, return of the lake 
waters (fig. 34). The horizontally laminated and 
wavy-stratified layers below the eolian units are 
probably shallow-water nearshore deposits formed 
in the receding waters of the lake. 

LOCATION AND TERRANE OF SOURCE AREAS 

The main source areas for the upper part of the 
Chinle Formation were the Uncompahgre and Front 

Range highlands of Colorado and the Mogollon high
land of southeastern Arizona and southwestern New 
Mexico. The Uncompahgre and Front Range high
lands are composed of Precambrian igneous and 
metasedimentary rocks and are flanked by Paleozoic 
and lower Mesozoic sedimentary rocks. The Mogol
lon highland was probably . composed mostly of 
volcanic rocks. Perhaps a land area rose in north
western Arizona and southwestern Utah at or near 
the .close of Chinle deposition. 
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The location of the source areas of the upper part 
of the Chinle Formation is indicated by the direction 
of streamflow, facies trends, the distribution of 
clay types, and stratigraphic breaks in the supposed 
source areas. 

A source of sediment in the Uncompahgre high
land of western Colorado and north-central New 
Mexico is indicated by the general northwest direc
tion of stream flow (fig. 33) in upper Chinle strata 
in southwestern Colorado to southeastern Utah. 
Chlorite (Schultz, 1963, fig. 8) occurs in this part 
of the Chinle near the Uncompahgre highland but 
not to the west, and a likely source for this mineral 
is Precambrian igneous and metamorphic rock ex
posed in the highland. Feldspar is most abundant 
in the Church Rock and related units near the 
Uncompahgre highland in southwestern Colorado 
and adjacent areas (Cadigan, 1957a; "Sedimentary 
Petrology," this report), and the Uncompahgre high
land is a likely source for this mineral also. Finally, 
the Uncompahgre highland is known to have been a 
land mass during much of late Paleozoic and early 
Mesozoic time (Heaton, 1933, 1950) and thus was 
likely to have been a highland during deposition of 
the upper part of the Chinle Formation. 

The Front Range highland of central Colorado 
also contributed sediment to the upper part of the 
Chinle Formation. The general facies pattern for the 
upper part of the Chinle Formation in northwestern 
Colorado indicates an increase . in coarser current 
deposits to the east and northeast (pl. 5). Chlorite 
occurs along the eastern margin of deposition of the 
upper part of the formation near the Front Range 
but decreases in quantity to the west, indicating that 
it probably was derived from the igneous and 
metamorphic rocks and younger arkosic strata of 
the highland. Finally, the Front Range highland was 
a persistent landmass during much of Paleozoic 
and Mesozoic time (Lovering and Johnson, 1933, 
p. 372) and thus is likely to have been a highland 
during deposition of the upper part of the Chinle 
Formation. 

Material was also derived from the Mogollon high
land. This source is indicated by an increasing 
amount of montmorillonitic clay in the upper part of 
the Chinle Formation, and the related Rock Point 
Member of the Wingate Sandstone, toward the south 
(Schultz, 1963, fig. 8 and pl. 4). As outlined before, 
the montmorillonitic clay in the lower part of the 
Chinle Formation was mostly derived from the 
alteration of glassy volcanic detritus derived from 
the Mogollon highland. In addition, fluvial sandstone 
units occur in the Rock Point Member of the 
Wingate Sandstone near its southern limit along the 

Arizona-New Mexico State line (pl. 5) but are 
absent farther north. The upper part of the Chinle 
Formation near its southern margin contains less 
montmorillonitic clay and a smaller a,mount of 
coarse detritus in comparison with the lower part 
of the Chinle, suggesting that the Mogollon highland 
was less prominent topographically and had less 
volcanic activity during deposition of the upper part 
of the ·formation. 

A land area may have existed in northwestern 
Arizona and southwestern Utah during the closing 
stages of deposition of the Chinle Formation. The 
possibility of such a land area is suggested by north
east stream directions (Stewart and others, 1959, 
fig. 79) in a unit (the Hite Bed) at the top of the 
Chinle Formation in southeastern Utah and by the 
westward truncation in northwest Arizona and 
southwest Utah of the Owl Rock Member of the 
Chinle Formation by overlying units of the Glen 
Canyon Group toward the supposed land area. 
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STRATIGRAPHIC SECTIONS 

The stratigraphic sections are listed by State and 
by locality numbers within the State. The localities 
are shown on plate 1. A complete list of localities 
used in this report, including sections measured by 
other geologists and not published here, is given in 
table 1. 

The stratigraphic sections were mostly measured 
with an Abney hand level. A few were measured with 
a planetable and alidade. The color descriptions 
follow the "Rock Color Chart" of the National Re
search Council (Goddard and others, 1948). The 
description of stratification largely follows that 
recommended by McKee and Weir (1953). 

ARIZONA 
A-2. BLACK MOUNTAIN WASH 

Meas·wtecl on no?·th sicle of Black Mountain Wash west of 
Many Fanns-Rough Rock Roacl. Units 1-5 measu'ted at 
long 109° 1,.0' W., lat 36°20' N., ancl units 6 ancl 7 ?neasured 
at long 109°1,.1' W., lat 36"21'30" N., Apache County 

[Measured by R. F. Wilson, May 1956] 

Top of section; top of good exposure. Top of section 
is S. 40° W. of Round Rock. 

Kayenta Formation (unmeasured): 
7. Sandstone pale red (5R 6/2) to pale 

reddish brown (lOR 5/4), weathering 
same colors, fine to medium grained, 
fair sorted; composed of clear, milky, 
and reddish-stained quartz and white 
mineral (chert?, feldspar?) and 
common dark accessory mineral; firm
ly cemented, calcareous; composed of 
trough sets of low-angle medium
scale cross-laminae; weathers to form 
ledgy slope. Unit appears to channel 
slightly into underlying unit. Only 

Feet 

basal few feet of unit examined .... Unmeasured 
Wingate Sandstone: 

Lukachukai Member: 
6. Sandstone, light brown (5YR 6/4) and 

minor pale reddish brown (lOR 5/4), 
weathering same colors, very fine 
grained with scattered fine to medium 

472-202 0 - 72 - 8 

Wingate Sandstone-Continued 
Lukachukai Member-Continued 

grains, well sorted; composed of sub
rounded to rounded clear, frosted, 
and reddish-stained quartz and com
mon dark accessory mineral; fairly to 
poorly cemented, calcareous in parts; 
composed predominantly of wedge
planar sets of medium to very large 
scale high-angle cross-laminae, but 
from 0 to 12 ft is structureless, and 
from 252 to 285 ft and from 336 to 
410 ft contains common interbeds of 
horizontal laminae to high- and low
angle medium- to small-scale trough
type cross-laminae; weathers to form 
vertical cliff with slope at top. Ripple 
marks with a high index and tubular 
structures resembling worm borings 
are common along some lamination 
planes ..................................................... . 

Total Lukachukai Member ............... . 

Offset at base of unit 6, so that units 6 and 7 
were measu1·ed 1.9 miles north of unde'rlying 
units. 

Rock Point Member: 
5. Siltstone to sandy siltstone, light brown 

(5YR 6/4), weathering same color, 
coarse silt to very fine sand; com
posed of clear and reddish-stained 
quartz and common dark accessory 
mineral; firmly cemented, calcareous; 
basal 22 ft horizontally laminated to 
very thin bedded with some ripple 
laminae, upper 15 ft predominantly 
thick to very thick bedded; weathers 
to form irregular cliff. Unit may con
tain a few sets of very low angle 
medium-scale cross-laminae in basal 
22 ft ························································ 

4. Siltstone, grayish red (lOR 4/2) and 
light brown (5YR 6/4), weathering 
light brown (5YR 6/4) and moderate 
reddish orange (lOR 6/6), medium 
to coarse silt, sandy in places; firmly 

Feet 

492.8 

492.8 

37.1 
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Wingate Sandstone-Continued 
Rock Point Member-Continued 

to well cemented, calcareous; hori
zontally very thick to thin bedded; 
weathers to form long irregular slope 
with poorly developed "hoodoo" weath
ering. From 176 to 187 ft unit con
tains a set of sandy siltstone with 
poorly developed ripple laminae and 
possibly some cross-laminae ............... . 

Total Rock Point Member ............... . 

Total of Wingate Sandstone ........... . 

Chinle Formation (incomplete) : 
Owl Rock Member (incomplete): 

3. Limy siltstone to silty limestone, pale 
red (lOR 6/2) with light-greenish
gray ( 5G Y 8/1) mottling; well 
cemented; horizontally thin bedded; 
weathers to form weak ledge on dip 

Feet 

244.4 

281.5 

774.3 

slope ........................................................ 1.0 
2. Siltstone, light brown (5YR 6/4), 

weathering same color, medium to 
coarse silt; fi:rmly cemented, cal
careous; structureless; weathers to 
form slope .............................................. 5.0 

1. Limestone to limestone pebble conglom
erate, pale red (lOR 6/2) to light 
greenish gray (5GY 8/1), weathering 
same colors, dense, in part composed 
of granules to pebbles of limestone 
in a limy matrix; well cemented; 
horizontally to gnarly bedded; weath
ers to form ledge and conspicuous 
light-colored band on dip slope of 
cuesta ...................................................... 3.0 

Total incomplete Owl Rock Member 9.0 

Total incomplete Chinle Formation 9.0 
Base of section; not base of exposure. Base of section 

is 1.3 miles north of Black Mountain Wash on west 
side of road to Rough Rock. 

A-3. CHEE DODGE 
Units 1-9 measured on north side of canyon of Whisky Creek 
about~ mile north of where Fort Defiance-Lukachukai road 
crosses the creek, long 109°02'40" W., lat 36°08'45" N.; 
units 10-17 measured on outcrops on southeast side o I 
Sonsela Buttes /'rom ~ mile southwest of Chee Dodge to 
~ mile northeast of Chee Dodge, long 109°03'35" to 
109°03'05" W., lat 36°05'25" to 36°05'45" N.; units 18-22 
measured 1% 1niles S. 67 E. of Chee Dodge, long 109°01'20" 
W., lat 36°04'50" N., Apache County, Ariz., and San Juan 
County, N. Mex. 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; not top of exposure. 
Entrada Sandstone (incomplete) : 

Upper sandy member (unmeasured): 
22. Sandstone, light brown (5YR 5/6 and 

5YR 6/4), weathering same color, 
very fine to fine grained, rare medium 
to coarse grains, fair to well sorted; 
composed of subrounded reddish
stained quartz and abundant black 
accessory minerals, medium to coarse 

Entrada Sandstone (incomplete) -Continued Feet 

Upper sandy member-Continued 
grains are well rounded and composed 
of clear quartz and minor white 
chert (?) ; poorly cemented, slightly 
calcareous; honzontally laminated 
and thin, poorly defined sets of low
angle, possibly some high-angle 
small- to medium-scale cross-laminae; 
weathers to form most prominent 
cliff in Chee Dodge area. Only basal 
20 ft of unit examined. Unit about 
200 ft thick. Basal 1 foot of unit is 
yellowish gray ( 5Y 8/1). In detail, 
unit appears to grade downward into 
underlying unit, but, from a distance, 
base of unit appears sharp and per
sistent. Downward gradation takes 
place in %-ft interval .................... Unmeasured 

Medial silty member: 
21. Silty sandstone and sandy siltstone, 

pale reddish brown (lOR 5/4) and 
light brown (5YR 6/4), weathering 
same colors, grades from silty very 
fine grained sandstone to sandy silt
stone; firmly cemented, calcareous; 
composed of thin to thick sets of 
either structureless rock or rock with 
wavy horizontal laminae; weathers to 
form slope in lower half and "hoo
doo"-weathering vertical cliff in upper 
half. A few ( <1 percent) fine to 
medium well-rounded quartz grains 
disseminated in unit .............................. 88.0 

20. Sandy siltstone, light brown (5YR 6/4) 
and white (N 9), weathering same 
colors, coarse silt with minor very 
fine sand; may be in part a silty 
very fine grained sandstone; well 
cemented, calcareous; stratification 
obscure, possibly some low-angle 
cross-laminae; weathers to form light
colored ledge. Basal contact of unit 
sharp, and scours as deep as 0.5 ft 
are cut into underlying unit ............ 1.0 

Total of medial silty member ........ 89.0 

Total of incomplete Entrada Sand-
stone ................................................ 89.0 

Wingate Sandstone: 
Rock Point Member: 

19. Siltstone and sandstone. Siltstone, gray
ish red (lOR 4/2), pale reddish brown 
(lOR 5/4), and light brown (5YR 
6/4), weathering same colors, me
dium to coarse silt; firmly cemented, 
calcareous; structureless, horizontal
ly laminated, some wavy laminae. 
Sandstone, light brown (5YR 5/6), 
weathering same color, very fine 
grained, well sorted, composed of sub
rounded reddish-stained quartz and 
rare black accessory mineral; firmly 
cemented, calcareous; stratification 
obscure, possibly horizontally lami-
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Wingate Sandstone-Continued 
Rock Point Member-Continued 

nated. Sandstone is present from 
0.0 to 3.0 ft and from 4.6 to 9.0 ft 
above base of unit. Unit weathers 
to form slopes on siltstone and ledges 
on sandstone. Unit forms fourth, or 
highest, of the ledges in the member .. 

18. Siltstone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering same colors, coarse silt; firmly 
cemented, calcareous; structureless, 
some horizontal bedding planes; 
weathers to form slope ....................... . 

Long off'set in section. Units 18-22 measu:red 
1 Yt ?niles southeast of whe1·e unit 17 
measured. 

17. Sandstone, same as unit 9, composed of 
thin to thick wedge-planar (?) sets of 
high- and low-angle cross-strata ..... . 

l 6. Siltstone, same as unit 8. Mostly hori
zontally laminated in basal 10 ft. 
Weathers to form vertical cliff ......... . 

15. Siltstone, light brown (5YR 6/4) and 
grayish red (lOR 4/2) to pale reddish 
brown (lOR 5/4), weathering same 
colors, medium to coarse silt; firmly 
cemented, calcareous; horizontally 
very thin bedded to very thick 
bedded; weathers to form steep ledgy 
slope. Coarse siltstone layers are 
mostly light brown and form thin to 
thick ledges, whereas medium silt
stone layers are red and form slopes. 
Two thin horizontal .beds of struc
tureless sandstone, similar to that in 
unit 9, are present in basal 15 ft. 
Possibly a few shallow scour sur-
faces in middle of unit ...................... .. 

14. Sandstone, same· as unit 9. Most of 
unit appears structureless, some me
clium-scale high-angle cross-laminae 
are present, and also some horizontal 
laminae. Weathers to form cap of 
ledge formed by units 13 and 14. This 
ledge is the second of the four prom
inent ledges in the Rock Point Mem-
ber ........................................................... . 

13. Siltstone, same as unit 8. Weathers to 
form cliff. Horizontally laminated 
in places ................................................ .. 

12. Siltstone to silty sandstone, pale reddish 
brown (lOR 5/4) and light brown 
(5YR 6/4), weathering same colors, 
medium siltstone to silty very fine 
grained sandstone composed of sub
rounded reddish-stained quartz and 
abundant black accessory mineral; 
firmly cemented, calcareous; composed 
of very thick horizontal beds, some 
beds have shallow scours at base, 
these scours are mostly less than 6 
in. deep; weathers to form ledgy 
slope. Sandier parts of unit are mostly 
light brown and form lighter color 

Feet Wingate Sandstone-Continued 
Rock Point Member-Continued 

ledges. In most places the ledges are 
separated by pale-reddish-brown silt
stone that forms slopes. The unit, 
however, has a complete intergrada
tion in rock types from siltstone to 

23.4 silty sandstone .................................... .. 
11. Sandstone, same as unit 9 except some 

parts appear structureless and cross-
strata are on medium scale .............. .. 

10. Siltstone, pale reddish brown (lOR 5/4), 
weathering same color, medium silt; 

25.4 firmly cemented, calcareous; struc
tureless; weathers to form reentrant 

Long offset so that units 10-17 measured 
3Y4 ?niles south of units 1-9. Units 10-17 
measw·ed within 1 ?nile west of Chee 
Dodge along south side of East Sonsela 

11± Butte. Offset in to1J of lowest cliff-form,
ing unit in Rock Point Member. 

9. Sandstone, light brown (5YR 6/4), 
41.8 weathering same color, very fine 

grained, well sorted; composed of sub
rounded reddish-stained quartz and 
abundant black accessory mineral; 
firmly cemented, calcareous; composed 
of thin to very thick planar(?) sets 
of low and high-angle small- to medi
um-scale cross-laminae; weathers to 
form vertical cliff continuous with that 
of underlying units. Units 8 and 9 
form lowest of four prominent ledges 
in the Rock Point Member ................ .. 

8. Siltstone, light brown (5YR 6/4), 
weathering same color; coarse silt, 
sandy (very fine grained) in part; 
firmly to well cemented, calcareous; 

75.4 horizontally very thin to thick bedded; 
weathers to form vertical cliff .......... .. 

7. Siltstone, light brown (5YR 6/4) and 
minor pale reddish brown (lOR 5/4), 
grades from fine siltstone to very 
fine grained sandy siltstone and, 
rarely, silty very fine grained sand
stone; firmly to well cemented, cal
careous; structureless, from a dis-

12.5 tance appears to be horizontally 
bedded; weathers to form steep slope 

6. Silty sandstone, pale red (lOR 6/2) 
19.0 and pale reddish brown (lOR 5/4), 

weathering same colors, very fine 
grained, well sorted; firmly cemented, 
calcareous; horizontally laminated, 
minor ripple laminae, a few poorly 
defined low-angle small-scale cross
strata; weathers to form irregular 
ledge. Unit appears to be transitional 
from underlying unit to overlying 
unit ........................................................ .. 

5. Sandy siltstone to silty sandstone, pale 
red (lOR 6/2), weathering same color, 
grades from sandy siltstone to very 
fine grained well-sorted silty sand
stone; firmly cemented, calcareous; 

109 

Feet 

44.8 

11.0 

4.0 

20± 

41.1 

74.9 

22.4 



110 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Wingate Sandstone-Continued Feet 

Rock Point Member-Continued 
cuspate ripple laminated in basal 1.7 
ft, horizontally laminated in rest of 
unit, some poorly defined low-angle 
cross-laminae and a few scour sur
faces; weathers to form irregular 
ledge. Stratification of unit appears 
lenticular from a distance. Thin lenses 
of intraformational conglomerate at 
1.5 ft above base of unit. These 
lenses contain granules and pebbles 
of purplish siltstone and silty sand-
stone -------------------------------------------------------- 8.0 

4. Siltstone, light brown (5YR 6/4), 
weathering same color, fine siltstone 
in basal 8 ft and coarse siltstone in 
rest of unit; firmly to well cemented, 
calcareous; structureless, appears 
horizontally bedded on distant ex-
posures; weathers to form steep slope 65.6 

3. Limestone, pale red (lOR 6/2), weather
ing same color; dense; well cemented; 
unit is a thin horizontal bed; weath
ers to form ledge. This unit is not 
placed in Owl Rock Member because 
it is present for only a short distance 
on either side of the line of section. 
The top of unit 1 marks the most con
spicuous lithologic break in the se
quence of strata and the top of the 
highest persistent limestone ----------------

2. Siltstone, moderate reddish brown (lOR 
4/6), pale red (lOR 6/2) in top foot, 
weathering same colors, medium to 
coarse silt; poorly cemented, calcare
ous; structureless; weathers to form 
slope --------------------------------------------------------

Total of Rock Point Member _______ _ 

Total of Wingate Sandstone -----------

Chinle Formation (unmeasured): 
Owl Rock Member (unmeasured) : 

1. Limestone (20 percent) and siltstone 
( 80 percent) . Limestone, pale red 
(5R 6/2) and light greenish gray 
(5GY 8/1), weathering same colors; 
dense; well cemented; present as hori
zontally thin to thick bedded sets in
terstratified with siltstone. Siltstone, 
grayish red (lOR 4/2) and pale 
reddish brown (lOR 5/4), weathering 
same colors, fine silt; firmly in
durated, clay binding, noncalcare
ous; structureless. Unit as whole 
weathers to form steep slope with 
ledges on limestone sets. About 80 
ft of unit exposed. Top of unit at top 

1.0 

12.0 
--
513.3 

513.3 

of a limestone __________________________________ Unmeasured 

Base of section ; base of exposure. Base of section 
about 1% miles northeast of northeast side of 
East Sonsela Butte. 

A-4. HORSE MESA CREEK 
Measured starting at Ho1·se Mesa Creek, 2 miles northwest 

of Horse Mesa, and extending southward for about 1 mile, 

long 109°01/50" to 109°05'20" W., and lat. 36° 1,.1'55" to 
36° 1,.3'00" N., Apache County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; top of exposure. Feet 

Wingate Sandstone (incomplete) : 
Rock Point Member (incomplete) : 

26. Sandstone, same as unit 16______________________ 11.2 
25. Sandstone to siltstone, same as unit 15__ 7.0 
24. Sandstone, same as unit 16, a few 

scattered medium amber - stained 
quartz grains; horizontally thin bed
ded in basal 15 ft; appears structure-
less in top 13 ft ------------------------------------ 50.3 

23. Siltstone, pale reddish-brown (lOR 
5/4) and minor light brown (5YR 
6/4), weathering same colors, medium 
to coarse silt; firmly to well ce
mented, noncalcareous, horizontally 
very thin to thin bedded and struc
tureless; weathers to form steep slope 
with vertical cliff at top -------------------- 35.6 

22. Sandstone, same as unit 16 except is 
fine grained and contains a few scat
tered medium well-rounded quartz 
grains. Good exposure of top surface 
of unit about 1,000 ft long shows 
cross-laminae to be linear in plan 
view ---------------------------------------------------------- 56.0 

21. Sandstone to siltstone, same as unit 
15 -------------------------------------------------------------- 5.0 

20. Sandstone, same as unit 16 ---------------------- 11.8 
19. Sandstone to siltstone, same as unit 15 

except is horizontally laminated in 
top 3 ft ---------------------------------------------------- 8.3 

18. Sandston.e, same as unit 16 except com
posed of thin wedge-planar sets of 
small- to medium-scale high- and low-
angle cross-laminae ------------------------------ 4.0 

17. Sandstone to sandy siltstone, same as 
unit 15. Horizontally laminated and 
rare poorly defined very low angle 
cross-laminae in top 4 ft ---------------------- 16.8 

16. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of sub
rounded reddish-stained quartz and 
abundant black accessory mineral; 
poorly cemented, calcareous, composed 
of thin to very thick wedge-planar 
sets of low- and high-angle small- to 
large-scale cross-laminae______________________ 16.8 

15. Sandstone and minor siltstone, light 
brown (5YR 6/4) and pale reddish 
brown (lOR 5/4), weathering same 
colors; very fine grained sand to me-
dium silt, well sorted; sand composed 
of subrounded reddish-stained quartz 
and abundant black accessory min-
eral; poorly to firmly cemented, 
slightly calcareous; structureless; 
weathers to form gentle slope along 
line of section. This unit contains 
less siltstone than overlying units 
designated as being the same as this 
unit ---------------------------------------------------------- 28.0 
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Wingate Sandstone (incomplete)-Continued 
Rock Point Member (incomplete) -Continued 

14. Sandy siltstone, pale red (lOR 6/2) 
and pale reddish brown (lOR 5/4), 
weathering light brown (5YR 6/4), 
very fine grained sandy, coarse silt
stone; firmly to well cemented, cal
careous; horizontally laminated in 
basal half, structureless in upper 
half; weathers to form vertical cliff 
in lower half and gentle slope in 
upper half. Separated from overlying 
unit on basis of color and grain size .. 

13. Siltstone, pale reddish brown (lOR 5/4) 
and minor pale red (lOR 6/2 and 
5R 6/2), weathering same colors, 
fine to medium silt; poorly to well 
cemented, noncalcareous in places, 
calcareous in other places; stratifica
tion mostly concealed, structureless 
in places; weathers to form gentle 
slope in lower 20 ft and steep slope in 
rest of unit. Basal 17 ft of unit 
contains three thin to thick sets of 
pale-red (5R 6/2) very fine grained 
well-sorted sandstone composed of 
horizontal laminae and possibly a few 
low-angle cross-strata. These sets are 
interstratified with the siltstone ......... . 

12. Sandstone, pale red (5R 6/2), slightly 
coarser than unit 11, otherwise same 
as unit 11. Locally basal 5 ft of 
unit is composed almost entirely of 
conglomerate. This conglomerate is 
composed of coarse grains to cobbles 
of reddish siltstone and gray lime
stone in a limy silt matrix. Largest 
cobbles are 8 in. across, and frag
ments as large as 2 to 4 in. are locally 
common. Unit weathers to form ledge 
in lower part and bench in upper 
part. Top 5 ft of unit is poorly ex
posed and may contain some reddish 
siltstone lenses ....................................... . 

11. Siltstone, grayish red (lOR 4/2 and 
5R 4/2), weathering pale reddish 
brown (lOR 5/4), medium to coarse 
silt; poorly cemented, calcareous; 
stratification concealed; weathers to 
form slope. A thin bed of conglom
erate is present about 2 ft above base 
of unit. This conglomerate is com
posed of coarse grains to granules of 
limestone and siltstone in a limy silt 
matrix. Some parts of unit are poorly 
exposed ................................................... . 

10. Sandstone, pale reddish brown (lOR 
5/4) and pale red (lOR 6/2), weath
ering same colors, fine grained, some 
silt in places, well sorted; composed 
of angular to subrounded clear and 
milky quartz and rare black acces
sory minerals; poorly to firmly ce
mented, calcareous; composed of thin 
to thick trough ( ?) sets of medium
scale very low angle cross-laminae; 

Feet Wingate Sandstone (incomplete)-Continued 
Rock Point Member (incomplete)-Continued 

weathers to form ledge. Thickness 
highly variable. Channels cut 20 ft 
into underlying unit are present to 
west of line of section. Away from 
line of section unit locally contains 
thin to thi~k conglomerate lenses com
posed of granules to pebbles of red
dish siltstone and grayish limestone 
in a silt matrix. Unit may contain a 
few thin lenses of reddish siltstone in 

33.6 top 3 ft. Units 9 and 10 form higher 
of two prominent ledges in local ex-
posure ..................................................... . 

9. Sandy siltstone, light brown (5YR 
6/4) and pale reddish brown (lOR 
5/4), weathering same colors; sandy 
(very fine grained) coarse siltstone; 
firmly cemented, calcareous; hori
zontally laminated in basal 8 ft, 
structureless in rest of unit; weath
ers to form ledge in lower 8 ft and 
steep slope in rest of unit. Upper 10 
ft poorly exposed. On nearby outcrops 
unit appears to contain many shallow 
scour surfaces. Upper 20 ft of unit 
cut out at top by overlying unit to 

64.1 west of line of section. On exposures 
to west of line of section, unit marks 
horizon of lowest prominent light
brown ledge in stratigraphic sequence, 
but locally forms part of higher of 
two prominent ledges ......................... . 

Total of incomplete Rock Point 
Member ........................................... . 

Total of incomplete Wingate Sand-
stone ............................................... . 

Chinle Formation: 
Owl Rock Member (incomplete) : 

8. Limestone and siltstone. Limestone, pale 
red (lOR 6/2) and light greenish gray 

12.0 (5GY 8/1), weathering same colors; 
dense; well cemented; horizontally 
very thin to thin-bedded. Siltstone, 
pale reddish brown (lOR 5/4), weath
ering same color, medium to fine silt; 
firmly cemented, calcareous; struc
tureless. Unit as whole weathers to 
form steep slopes with limestone 
ledges. On distant exposures, unit 
forms pale-red outcrop lying between 
reddish siltstone below and light
brown siltstone above. Limestone is 

15.0 present from 0.0 to 1.5, 6.0 to 11.6 
ft, and 14.1 to 17.8 ft above base of 
unit. Top of Owl Rock member placed 
at top of highest limestone ............... . 

7. Siltstone and minor sandy siltstone, pale 
reddish brown (lOR 5/4) and grayish 
red (lOR 4/4), weathering same 
colors, medium to coarse silt, minor 
very fine grained sandy siltstone; 
common fine-grained accessory white 
mica; structureless, minor horizon-
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Chinle Formation-Continued 
Owl Rock Member (incomplete) -Continued 

tally laminated parts, some concealed 
stratification; weathers to form steep 
slope ....................................................... . 

6. Sandy siltstone to sandstone, pale red
dish brown (lOR 5/4), dominantly 
pale red (lOR 6/2) and grayish yellow 
(5Y 8/4) in top 8ft, weathering same 
colors, grades from sandy (very fine 
grained) coarse siltstone to well-sorted 
very fine grained sandstone; composi
tion masked; well cemented, slightly 
calcareous; dominantly ripple lami
nated, some stratification concealed; 
weathers to form ledge. Units 5 and 
6 form irregular ledge that is lower 
of two prominent ledges in local ex
posure. Lithologic character of this 
ledge is variable. Locally units 5 and 
6 are either absent or form a slope. 
To west of line of section, top of unit 
is composed of an 8-ft-thick layer 
of yellowish-gray (5Y 8/4) very fine 
to fine-grained well-sorted sandstone. 
This sandstone is composed of sub
angular to angular clear and milky 
quartz and abundant black accessory 
minerals. The sandstone is composed 
of very thick trough ( ?) sets of large-
scale low-angle cross-laminae ........... . 

5. Sandstone to conglomeratic sandstone, 
pale purple (5P 6/2), light gray (N 
7), yellowish gray (5Y 7/2),andlight 
greenish gray (5GY 8/1), weathering 
brownish gray (5YR 4/1), very fine 
grained, well sorted; common medi
um-grained accessory white mica; well 
cemented, calcareous; poorly defined 
low-angle medium-scale cross-laminae, 
some horizontal laminae; some struc
tureless parts; weathers to form 
ledge. Forms basal part of prominent 
ledge formed by units 5 and 6. Unit 
contains minor amount of conglom
eratic sandstone containing granules 
to cobbles as large as 3 in. of silt
stone and minor limestone. Conglom
eratic sandstone is mostly in basal 
2 ft. Base of unit is scour surface 
with scours as deep as 6 in. Two 
quartz pebbles and one chert pebble 
were noted in unit ............................... . 

4. Siltstone, pale red (lOR 6/2) and 
pale reddish brown (lOR 5/4), weath
ering same colors, fine to coarse silt; 
firmly to well cemented, calcareous; 
structureless; weathers to form steep 
slope. Unit contains thin beds of lime
stone from 85.0 to 86.0 ft and from 
99.2 to 99.7 ft. Limestone is pale red 
(5R 6/2) and light greenish gray 
(5GY 8/1), dense, and well cemented. 
A few thin layers in unit contain 
abundant limestone nodules ................. . 

Feet Chinle Formation-Continued Feet 

Owl Rock Member (incomplete) -Continued 
3. Conglomeratic sandstone to conglom

erate (80 percent) and siltstone (20 
76.4 percent). Conglomeratic sandstone to 

conglomerate, grayish red (lOR 4/2) 
and light greenish gray (5GY 8/1), 
weathering same colors, composed of 
coarse grains to cobbles of reddish 
siltstone and grayish limestone in a 
limy silt matrix. Largest cobbles are 
3 in. across. In places rock is com
posed of coarse grains and minor 
granules and pebbles in a limy silt 
matrix; in other places it is composed 
entirely of granules, pebbles, and 
cobbles in a limy silt matrix; well 
cemented, calcareous; stratification 
variable, either structureless, hori
zontally laminated, or composed of 
thin lenticular beds or poorly defined 
trough sets of low-angle medium
scale cross-laminae. Siltstone, same 
as that in underlying unit; present 
as thin to thick sets interstratified 
with rest of unit .................................. 17.0 

2. Siltstone, pale reddish brown (lOR 5/4) 
and moderate reddish brown (lOR 
4/6), weathering same colors, medium 
silt; firmly indurated, slightly cal-

22.4 careous, clay binding; stratification 
concealed; weathers to form gentle 
slope ........................................................ 12.0 

1. Siltstone and silty limestone. Siltstone, 
pale reddish brown (lOR 5/4) and 
minor pale· red (5R 6/2), weather
ing same colors; firmly cemented, cal
careous; structureless. Silty limestone 
is present as two sets from 5.6 to 
6.4 ft and from 9.4 to 11.5 ft. Lower 
silty limestone is pale red (lOR 6/2), 
and upper silty limestone is light 
greenish gray ( 5GY 8/1) ; dense; 
well cemented, very thin to thin bed
ded. Unit as whole weathers to form 
steep slope with small ledges de
veloped on silty limestone. Top silty 
limestone forms small bench................ 11.5 

Total of incomplete Owl Rock Mem-
ber .................................................. ·.. 275.8 

Total of incomplete Chinle Forma-
6.0 tion .................................................. 275.8 

Base of section; base of exposure. Base of section at 
Horse Mesa Creek. 

A-6b. LUKACHUKAI TRADING POST 

Measured 3.4 miles N. 65° E. of Lukachukai Trading Post, 
lat 36°26'6" N., long 109° 11'1" W., Apache County 

[Measured by R. F. Wilson, September 1955] 

Top of section; top of good exposure. Top of 
section is 4.1 miles N. 60° E. of Lukachukai 
Trading Post. 

Todilto Limestone (incomplete) : 
18. Limestone, pale red (lOR 6/2), weath-

107.4 ering light brownish gray (5YR 
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Todilto Limestone (incomplete) -Continued 
6/1), sandy (very fine grained), well 
indurated; horizontally laminated; 
weathers to form ledge ................... . 

Total incomplete Todilto Limestone 

Entt·ada Sandstone: 
17. Sandstone (90 percent) and siltstone 

(10 percent). Sandstone, moderate 
reddish orange (lOR 6/6) and pale 
reddish brown (lOR 5/4), weather
ing same colors, very fine grained, 
silty, fair to well sorted; composed 
of subangular to rounded reddish
stained quartz and common to sparse 
dark and light accessory minerals; 
poorly cemented, calcareous; appar
ently horizontally stratified. Sand
stone contains sparse scattered reddish 
medium-sized quartz grains. Silt
stone, grayish red ( 5R 4/2) and 
light greenish gray (5G 8/1), weath
ering same colors, firmly cemented, 
calcareous; horizontally laminated. 
Unit as a whole weathers to form 
partially covered slope ..................... . 

Total Entrada Sandstone ............... . 

Wingate Sandstone: 
16. Sandstone, moderate reddish orange 

(lOR 6/6) to light brown (5YR 
6/4), weathering same colors; very 
fine grained with 5 percent medium 
to fine grains, well sorted; composed 
of clear, frosted, and reddish-stained 
quartz with common black and white 
accessory minerals; poorly cemented, 
calcareous in part; basal 39.2 ft of 
unit is horizontally thin bedded to 
laminated with some low-angle trough 
sets of medium-scale cross-strata, 
rest of unit is composed of thick to 
very thick planar sets of high-angle 
medium- to large-scale cross-laminae; 
massive splitting; weathers to form 
vertic!ll cliff with extensive bench at 
top. The fine to medium sand is con
centrated along lamination planes 
and is particularly abundant at or 
near the base of individual sets of 
cross-strata ........................................... . 

15. Sandstone (80 percent) and limestone 
(20 percE:nt). Sandstone, pale reddish 
brown (lOR 5/4), white (N 9), gray
ish pink (5R 8/2), and pale red 
(lOR 6/2), weathering same colors, 
very fine grained, silty in places, 
well sorted; composed of subangular 
to subrounded clear and reddish
stained quartz with common black 
and reddish accessory minerals; firm
ly to well cemented, calcareous, limy 
in places; mostly horizontally very 
thin bedded to laminated, but some 
sandstone in basal 2 ft of unit may 

Feet 

2.0 

2.0 

116.5 

116.5 

123.2 

Wingate Sandstone-Continued 
be composed of thin trough sets of 
very low angle medium-scale cross
laminae. Limestone, pale yellowish 
brown (lOYR 6/2) and white (N 9), 
weathering pale yellowish brown, 
coarsely crystalline; composed pre
dominantly of subhedral calcite crys
tals, sandy in part; copper stained, 
brittle; horizontally stratified in very 
thin beds, apparently unfossiliferous. 
Limestone occurs from 2.0 to 4.0 ft 
above base of unit. Unit as whole 
weathers to form resistant ledge and 
marks a break in the cliff profile 
formed by units 14 and 16. Lateral 
to line of section, both to southeast 
and northwest, unit thins and pinches 
out over a distance of approximately 
% mile, and units 14 and 16 coalesce 
into one ................................................. . 

14. Sandstone, pale reddish brown (lOR 
5/4) to light brown (5YR 6/4), 
weathering to moderate reddish 
orange (lOR 6/6), very fine grained 
with 5 percent fine to medium grains,· 
well sorted; composed of rounded to 
subrounded reddish-stained quartz 
with common accessory feldspar and 
black and white minerals; poorly to 
firmly cemented, calcareous, composed 
of very thick planar sets of high 
angle medium- to large-scale cross
laminae; massive splitting; weathers 
to form prominent vertical cliff. 
Some of the sets of cross-strata are 
over 100 ft thick with individual 
laminae over 200 yd in length. Base 
of unit is s_harp and slightly ir
regular. Basal contact marks change 
from horizontally stratified sand
stone of the Rock Point Member to 
the high-angle large-scale cross
stratified sandstone of the Lukachukai 
member. The fine to medium sand 
grains are concentrated along lami
nation planes and are particularly 
abundant in the basal part of the 
unit ......................................................... . 

Total of Lukachukai Member ....... . 

Rock Point Member: 
13. Sandstone, pale reddish brown (lOR 

5/4) and light brown (5YR 6/4), 
weathering same colors, very fine 
grained with thin lenses in basal 6 
ft containing common to abundant 
fine to medium grains; fair to well 
sorted; composed of subangular to 
subrounded clear and reddish-stained 
quartz and abundant dark accessory 
mineral; firmly cemented, calcareous; 
stratification obscure but appears to 
be horizontal thick to very thick 
beds; weathers to form cliff. This 
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Wingate Sandstone-Continued 
Rock Point Member-Continued 

unit is similar to unit 12 except for 
the presence of zones of abundant 
fine to medium quartz and feld
spar (?) grains. The basal contact of 
the unit, locally, is sharp and very 
slightly irregular ............................... . 

12. Sandstone (80 percent) and siltstone 
(20 percent). Sandstone, pale reddish 
brown (lOR 5/4) and light brown 
(5YR 6/4), with minor mottling to 
white, weathering same colors, very 
fine grained, silty in part, well sorted; 
composed of subangular to sub
rounded clear and reddish-stained 
quartz and common dark accessory 
mineral, poorly to well cemented, 
slightly calcareous to calcareous; 
stratification obscured but ·some of 
sandstone is horizontally laminated 
and other parts are very thickly 
bedded; massive splitting. Siltstone, 
pale reddish brown (lOR 5/4), weath
ering same color; well cemented, cal
careous; horizontally laminated to 
very thin bedded. Unit as whole 
weathers to ledgy slope with a fairly 
prominent ledge of sandstone from 
28 to 34 ft. Upper 2 ft of unit con
tains a few scattered fine to medium 
quartz grains ....................................... . 

11. Sandstone, between light brown (5YR 
6/4) and moderate reddish orange 
(lOR 6/6), weathering same colors, 
very fine grained, well_ sorted; com
posed of rounded to subangular clear · 
and reddish-stained quartz and minor 
to very minor dark accessory min
eral; poorly to firmly cemented, cal
careous; composed of very thick sets 
of medium- to large-scale high-angle 
planar cross-laminae; massive split
ting; weathers to form vertical cliff .. 

10. Sandstone, pale reddish brown (lOR 
5/4) with minor mottling to white 
(N 9), weathering same colors, very 
fine grained, silty, well sorted; com
posed of subrounded to subangular 
clear and reddish-stained quartz and 
common dark accessory mineral; 
firmly cemented, calcareous; bedding 
obscured but appears to be horizon
tally laminated; weathers to form 
recess in cliff profile ........................... . 

9. Sandstone, light brown (5YR 6/4), 
weathering same 1 color, very fine 
grained, well sorted; composed of 
subangular to subrounded reddish
stained quartz and minor light and 
dark accessory minerals; poorly to 
firmly cemented, calcareous; com
posed of very thick planar sets of 
medium- to large-scale high-angle 
cross-laminae, very thickly bedded 

Feet Wingate Sandstone-Continued 
Rock Point Member-Continued 

in upper 10 ft; massive splitting; 
weathers to form vertical cliff. Unit 
is quite similar to units 5 and 7 ....... . 

8. Siltstone (85 percent) and sandstone 
(15 percent). Siltstone, light brown 

10.6 ( 5 Y R 6/4) , · very· minor mottling to 
white (N 9), weathering same colors, 
fairly coarse siltstone, sandy in part, 
fair sorted; firmly to well cemented, 
calcareous; bedding obscured in most 
places, but some horizontal lamina
tions; shaly to massive splitting; 
weathers to slopes and ledges. Sand
stone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, silty; well sorted; composed 
of subangular to subrounded clear and 
reddish-stained quartz with minor 
light and dark accessory minerals, 
poorly to firmly cemented, calcareous; 
horizontally laminated with some 
medium-scale low-angle trough sets 
of cross-laminations; forms ledge 
from 50.4 to 62.6 ft above base of 
unit. Unit as whole weathers to 
ledgy covered slope with ledges from 
28.0 to 42.2 ft and from 50.4 to 62.6 
ft ······························································ 

Offset of 0.35 mile to east on top of bed 7, so 
74.8 that above units are 1neasm·ed beginning 

at point 3.9 miles N. 66° E. of Lukachukai 
Trading Post and continuing along a N. 
5° W. line to point ·4.1 miles N. 60° E. of 
Lukachukai T1·ading Post. Probably no 
more than 10 ft of stratigra7Jhic sec
tion gained or lost in transfe1·. 

7. Sandstone, pale reddish brown (lOR 
5/4), weathering same color, very 
fine grained, well sorted; composed 
predominantly of reddish-stained 
quartz with minor feldspar and acces-

29.0 sory white mica and dark minerals; 
firmly to well cemented, calcareous; 
composed of very thick planar sets 
of medium- to large-scale high-angle 
cross-laminae, massive splitting; 
weathers to form cliff ....................... . 

6. Sandstone (75 percent) and siltstone 
(25 percent). Sandstone, light brown 
(5YR 6/4. and 5YR 5/6), weathering 
same colors, very fine grained, silty, 
well sorted; composed of reddish-

13.2 stained quartz with a few percent 
white feldspar and common dark 
accessory mineral and white mica; 
firmly cemented, calcareous; hori
zontally laminated to thick bedded; 
weathers to form ledges. Siltstone, 
light brown (5YR 6/4), weathering 
same color, very fine grained, sandy 
in part; well cemented, calcareous; 
horizontally laminated; weathers to 
form slopes. Unit as a whole weathers 

Feet 
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Wingate Sandstone-Continued 
Rock Point Member-Continued 

to form an irregular slope with pro
h·uding ledges of sandstone. Basal 10 
ft of unit is composed __ of very fine 
grained sandstone that forms a con
tinuous cliff face with unit 5. The 
basal contact is placed at the horizon 
marking the change from the cross
stratification of unit 5 to the hori
zontal stratification of unit 6. Half a 
mile to the north, unit 6 thins and dis
appears and units 5 and 7 appear to 
coalesce into one. To the south the 
same situation may occur, for unit 6 
is considerably thinner. Thus, unit 
6 may be a lens ................................... . 

5. Sandstone, pale reddish brown (lOR 
5/4) to moderate reddish orange 
(lOR 6/6), weathering pale reddish 
brown (lOR 5/4), very fine grained, 
well sorted; composed of subrounded 
to subangular reddish-stained quartz 
and minor dark accessory mineral; 
poorly to firmly cemented, calcareous; 
composed of thick to very thick 
planar sets of medium- to large
scale high-angle planar cross
laminae; massive splitting; weathers 
to form vertical cliff. The base of this 
unit forms a continuous cliff face 
with the upper 8 ft of unit 4; the 
contact is placed at the horizon 
marking the change from horizontal 
stratification below to cross-strati-
fication above ...................................... .. 

4. Siltstone, light brown (5YR 6/4), 
weathers same colors, coarse, sandy 
(very fine grained) in part, well 
sorted; composed of subangular clear 
and reddish-stained quartz and com
mon accessory white mica and black 
mineral; firmly to well cemented, 
calcareous; composed of thin to very 
thin sets of horizontal laminations 
and very thin beds, weathers to form 
irregular cliff. The upper 8 ft com
posed of light-brown very fine 
grained massive, horizontally strati-
fied sandstone ...................................... .. 

3. Siltstone, predominantly light brown 
(5YR 6/4) with minor pale reddish 
brown (lOR 5/4), weathers light 
brown; fine to coarse silt; well 
cemented, calcareous, with some clay 
binding in finer siltstone; stratifica
tion largely obscured, but some of 
coarser siltstone is very thinly bedded 
to laminated, and some of the finer 
siltstone is very thickly bedded; unit 
as whole weathers to form slope 
with a few protruding irregular 
ledges. Ledges occur from 0 to 12 ft, 
61.0 to 68.2 ft, 84.0 to 89.6 ft, and 
112.0 to 135.4 ft; ledge from 112.0 to 

Feet 

36.6 

18.4 

69.6 

Wingate Sandstone-Continued 
Rock Point Member-Continued 

135.4 ft possibly contains a few sets 
of medium-scale low-angle trough 
cross-lamination. Coarser siltstone 
comprises the ledges and part of the 
slopes, while fine siltstone is confined 
to the slopes ......................................... . 

Total of Rock Point Member ........ .. 

Total of Wingate Sandstone ........... . 

Owl Rock Member (incomplete): 
2. Siltstone, pale reddish brown (lOR 

5/4), weathers pale red (lOR 6/2), 
well cemented, calcareous; horizon
tally stratified; bedding largely ob
scured, but some of unit is very 
thinly bedded; weathers to form slope. 
Siltstone contains minor ( 5 percent) 
nodules of calcite from %. to 1 mm. 
in diameter. Top of unit is 6-in. 
layer of pale-red (lOR 6/2) silty 
limestone. No limestone occurs above 
this horizon, and the siltstone of 
the Rock Point Member has_ a dis-

Feet 

162.4 

572.8 

818.0 

tinctly more brownish hue.................. 12.2 
1. Limestone, light greenish gray (5G 

8/1) and pale red (lOR 6/2), weath
ering to pale reddish brown (lOR 
5/4) and greenish gray (5G 6/1), 
microcrystalline, well cemented; hori
zontally thinly bedded to laminated; 
weathers to form ledge. Upper 6 in. 
to 1 ft of unit is composed of lime
stone nodules and pebbles from 1.4 to 
1 in. in diameter ................................ 4.0 

Total of incomplete Owl Rock Mem-
ber .................................................... 16.2 

Total of incomplete Chinle Forma-
tion .................................................. 16.2 

Base of section; not base of exposure. Section 
begins at a point 3.4 miles N. 65° E. of Luka-
chukai Trading Post. 

A-7. LUPTON 
Measu'red on the Defiance rnonocline at place 3 rniles south

southeast of Lupton, lo1ig 109°03'15" W., lat 35o 18'20" N., 
A11ache County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; top of accessible exposure. 
Entrada Sandstone (unmeasured) : 

13. Sandstone, pale reddish brown (lOR 
5/4) and minor light greenish gray 
(5GY 8/1), weathering same colors, 
very fine grained, fair sorted; com
posed of subrounded clear and amber
stained quartz and rare black 
accessory mineral; firmly cemented, 
calcareous; horizontally laminated to 
thin bedded, minor ripple laminae; 
weathers to form vertical cliff. Grades 
to siltstone in places. Sandstone con
tains about 2 percent disseminated 
fine to medium well-rounded quartz 
grains. Only basal 10 ft of unit ex-
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Entrada Sandstone-Continued 
amined. Basal contact of unit appears 
conformable and marks change from 
slope-forming siltstone below to cliff-

Feet 

forming sandstone above ............ Unmeasured 
Wingate Sandstone: 

Rock Point Member: 
12. Sandy siltstone to siltstone, light brown 

(lOYR 6/4) and pale reddish brown 
(lOR 5/4), weathering same colors; 
grades from fine siltstone to very 
fine grained sandy siltstone, rarely 
grades to very fine grained sandstone 
composed of subrounded clear quartz 
and rare black accessory minerals; 
poorly to firmly cemented, calcareous; 
horizontally and ripple laminated, 
cuspate-type ripples, possibly as much 
as 20 percent structureless siltstone, 
rarely contains thin trough sets of 
low-angle small-scale cross-laminae; 
weathers to form slope containing 
some thin ledges which probably are 
on more sandy parts of unit................ 93.5 

11. Sandstone, light brown (lOYR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering same colors, very fine grained, 
fair .sorted; composed of subrounded 
amber-stained quartz and common 
black accessory mineral; poorly ce
mented, calcareous; horizontally 
laminated in places and thin to thick 
very shallow trough sets of very low 
angle cross-laminae in other places; 
weathers to form vertical cliff in 
lower half and dip slope in upper 
half. Unit forms prominent hogback 
in Rock Point Member. Sandstone 
contains disseminated fine to medium 
sand grains in some parts. Also 
contains clay and silt pellets in some 
of the trough sets. Contains several 
thick lenses of grayish red (lOR 4/2) 
siltstone interstratified with the sand
stone. Top 20 ft of unit composed 
of light-brown (5YR 6/4) sandy silt
stone (80 percent) interstratified 
with thin beds of grayish-red (lOR 
4/2) siltstone (20 percent). Sandy 
siltstone is ripple laminated with 
cuspate-type ripples ......................... . 

10. Siltstone, pale reddish brown (lOR 
5/4), weathering same color; firmly 
cemented, calcareous; structureless, 
weathers to form slope ....................... . 

Total of Rock Point Member ....... . 

Total of Wingate Sandstone ......... . 

Chinle Formation (incomplete) : 
Owl Rock Member: 

9. Siltstone and limestone. Siltstone; gray
ish red (5R 4/2), and minor pale 
reddish brown (lOR 5/4), weathering 
grayish red purple (5RP 4/2) ; firmly 
cemented, calcareous; structureless. 

121.0 

8.4 

222.9 

222.9 

Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

Limestone, pale red purple ( 5RP 
6/2) and light greenish gray (5GY 
8/1), colorr:; mottled, weathering same 
colors, dense; well cemented; present 
as thin horizontal beds from 12.0 to 
13.0 ft and 25.5 to 26.0 ft. Unit as 
whole weathers to form steep slope 
with ledges of limestone. Locally 
away from line of section lenticular 
limestone beds occur at different 
horizons in unit ..................................... . 

Offset at base of unit 9 so that units 1-8 
measured about 1,500 ft south of where 
units 9-13 measu1·ed. 

8. Limestone, pale red purple (5RP 6/2), 
weathering same color, dense; well 
cemented; horizontally thin bedded; 
weathers to form ledge which is most 
prominent and continuous ledge in 
Owl Rock Member. Unit contains a 
few gray chert nodules and seams .... 

7. Clayey siltstone and silty claystone, 
grayish red (5R 4/2), pale reddish 
brown (lOR- 5/4), and· sparse light 
brown (lOYR 6/4), weathering pale 
red purple (5RP 6/2); firmly ce
mented, calcareous and clay binding; 
structureless; weathers to form steep 
slope. Probably does not contain 
swelling clays ....................................... . 

6. Limestone, pale red purple ( 5RP 6/2) 
and light greenish gray ( 5GY 8/1), 
colors mottled, weathering same 
colors; dense; horizontally· thin to 
very thin bedded; weathers to form 
ledge. Unit contains two thin sets 
of silty limestone containing films and 
laminae of siltstone. Top foot of unit 
contains gray seams of chert that 
constitute 5 percent of top foot of 
unit ......................................................... . 

5. Silty claystone, pale red purple (5RP 
6/2) and grayish red purple (5RP 
4/2), weathering same colors; swell
ing clays; structureless; weathers 
to form steep forthy-surfaced slope .. 

4. Silty claystone to clayey siltstone, pale 
reddish brown (lOR 5/4), weathering 
same color; firmly cemented, cal
careous and clay binding; structure
less; weathers to form earthy-sur
faced slope. Probably does not contain 
swelling clays ....................................... . 

3. Limestone, pale red (5R 6/2) and light 
greenish gray (5GY 8/1), colors 
mottled, weathering light brown (5YR 
6/4), dense, well cemented; hori
zontally very thin to thin bedded; 
weathers to form small ledge ........... . 

Total of Owl Rock Member ......... . 

Petrified Forest Member (incomplete) : 
2. Clayey siltstone, pale reddish brown 

Feet 

26.0 

4.7 

22.0 

4.5 

16.5 

14.0 

1.5 

89.2 
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Chinle Formation (incomplete) -Continued Feet 

Petrified Forest Member (incomplete)-Con. 
(lOR 5/4), weathering same color; 
firmly cemented, slightly calcareous 
in parts, clay binding; structureless, 
some horizontal stratification planes; 
weathers to form steep slope. Swell
ing clays noted in a few parts of 
unit. Top 8 ft of unit contains some 
grayish-red (5R 4/2) mottling and 
weathers to pale red purple (5RP 
6/2). This top 8 ft also contains 
common limestone nodules. The unit 
is differentiated from that below 
mainly by weathering characteristics. 
Unit 1 weathers with a frothy sur
face whereas this unit weathers with 
an earthy surface. Perhaps base of 
this unit represents change from ben
tonitic rocl<s below to nonbentonitic, 
or largely nonbentonitic, rocks above 68.5 

1. Silty claystone, dark reddish brown 
(lOR 3/4) to pale reddish brown 
(lOR 5/4), weathering same colors; 
swelling clays; firmly cemented, clay 
and calcareous cement; structurelcss; 
weathers to form frothy-surfaced 
slope. About 100 ft exposed above 
alluvium ............................................ Unmeasured 

Total of incomplete Petrified Forest 
Metnber ............................................. 68.5 

Total of incomplete Chinle Forma-
tion..................................................... 157.7 

Base of section; base of exposure. 

A-Sa. NAZLINI TRADING POST SECTION A 
M cas~wcd sta1·ting 1% 1niles southeast of Nazlini T1·ading 

Post and continu-ing up cliffs along a southeast line, long 
109°25'10" W., lat 95°52'50" N., Apache County 

[Measured by J. H. Stewart and R. F. Wilson, September 1955] 
Top of section; top of exposure. Top of section is 

about 214 miles S. 54° E. of Nazlini Trading Post. 
Chinle Formation (incomplete) : 

Petrified Forest Member (incomplete) : 
Sonsela Sandstone Bed: 

15. Sandstone (85 percent) and limestone
grain sandstone to conglomeratic 
sandstone ( 15 percent). Sandstone, 
white (N 9) to yellowish gray (5Y 
8/1), weathering yellowish gray (5Y 
8/1), fine to medium grained, well 
sorted, composed of subrounded to 
subangular clear quartz and 5 per
cent black grains; firmly to well ce
mented, calcareous, composed of thin 
trough and minor planar sets of 
small-scale low-angle cross-laminae. 
Limestone-grain sandstone to con
glomeratic sandstone, greenish gray 
(5GY 6/1), weathering olive gray 
(5Y 4/1), composed of medium 
grains to pebbles of greenish-gray 
rounded limestone or siltstone in a 
matrix of limy silt or sand. The 
medium grains to pebbles of lime-

Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Sonsela Sandstone Bed-Continued 
stone or siltstone may comprise from 
as much as 60 percent to only a few 
percent of the rock. Limestone-grain 
sandstone to conglomeratic sandstone 
is poorly sorted, well cemented, and 
calcareous and is present as thin to 
thick structureless lenses interstrati
fied with the sandstone in the basal 
half of the unit. Unit weathers to 
form ledge and underlies extensive 
bench in the Nazlini area ................... . 

14. Silty claystone, grayish red purple (5RP 
4/2) with abundant light-greenish
gray ( 5GY 8/1) mottling, weather
ing pinkish gray (5YR 8/1); poorly 
cemented, calcareous, clay binding, 
stratification concealed; weathers to 
form slope ............................................. . 

13. Sandstone; light greenish gray ( 5GY 
8/1) in lower 5 ft and light brownish 
gray (5YR 6/1) in rest of unit, 
weathering same colors, very fine to 
fine-grained; fair sorted, composed 
of subangular clear quartz, and 10 
percent orange, green, and gray min
erals, abundant coarse to very coarse 
accessory dark-green mica; firmly to 
well cemented, noncalcareous; hori
zontally laminated, rare thin trough 
sets of small- to medium-scale low
angle cross-laminae; weathers to form 
!edgy slope ........................................... . 

12. Covered; weathers to form rubble-cov-
ered slope ............................................... . 

11. Silty claystone, grayish purple (5P 
4/2), minor grayish red (lOR 4/2), 
and abundant light-greenish-gray 
( 5G Y 8/1) mottling, weathering 
same colors; poorly cemented, cal
careous cement in places and clay 
binding in other places; stratification 
concealed; weathers to form rubble-
covered slope ........................................ .. 

10. Sandstone, yellowish gray (5Y 811) 
to white (N 9), and minor pinkish 
gray (5YR 8/1), weathering yellow
ish gray (5Y 8/1), fine to medium 
grained, fair sorted; composed of sub
angular milky quartz, and common 
black grains; firmly cemented, cal
careous; composed of thin planar 
sets of small- to medium-scale cross
laminae. Basal 2 ft of the unit is 
conglomeratic sandstone composed of 
white to gray granules to pebbles (as 
large as % in.) of chert and rare 
quartzite in a medium- to coarse
grained matrix. Away from line of 
section, unit contains a few clay
stone or siltstone beds. Unit exposed 
in a series of slump blocks probably 
only slightly dislocated from original 
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Feet 

14.2 

17.9 

23.9 

12.1 

13.2 



118 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Sonsela Sandstone Bed-Continued 
position. Unit forms the lower of the 
two prominent ledges in the Sonsela 
in the local area ................................. . 

Total of Sonsela Sandstone Bed ..... . 

Lower part: 
9. Claystone to clayey siltstone, grayish 

red purple (5RP 4/2), grayish red 
(5R 4/2) and medium-gray (N 5), 
abundant light-greenish-gray (5GY 
8/1) mottling throughout unit, weath
ering same colors; poorly cemented, 
noncalcareous, clay binding; horizon
tally stratified in beds from 5 to 20 
ft thick; weathers to form steep 
frothy-surfaced badland slope. Some 
of clay swells on contact with water. 
From a distance, unit appears as 
purplish and whitish unit covered 
with talus debris of sandstone. Unit 
contains 2 sandstone layers; one from 
0.0 to 1.0 ft and the other from 36.7 
to 42.3 ft. The lower sandstone is 
light greenish gray (5GY 8/1), coarse 
grained, fair sorted, composed of 
angular to subangular milky quartz 
and 10 percent orange, green, and 
black minerals, and horizontally thinly 
bedded. The upper sandstone is light 
brownish gray (5YR 6/1), fine 
grained, fair sorted, and horizontally 
laminated and is composed of sub
angular milky quartz, 10 percent 
black mineral, and 5 percent orange 
mineral. The upper sandstone has a 
few layers of siltstone. Both sand
stone layers occur only along line 
of section ............................................... . 

Total of lower part of Petrified 
Forest Member ............................. . 

Total of Petrified Forest Member 
(composite of Nazlini Trading 
Post sections A and B, using 
thickness of Sonsela Sandstone 
Bed from section B) ................... . 

Lower red member : 
8. Clayey siltstone, grayish red (lOR 

4/2 and 5R 4/2), weathering same 
colors; firmly cemented, noncalcare
ous, clay binding; horizontally strati
fied in beds from 5 to 10 ft thick, 
possibly some lenticular units; weath
ers to form slope. Unit contains a few 
limestone nodules. Top of lower red 
member of the Chinle Formation 
placed at the top of this unit because 
color break at this horizon appears 
to be prominent locally ..................... . 

7. Siltstone, pale red (lOR "5" /2) and 
light greenish gray (5GY 8/1), 
mottled in part, weathering pale red 

Feet 

28.0 

109.3 

149.2 

149.2 

606.1 

24.9 

Chinle Formation (incomplete) -Continued 
Lower red member-Continued 

(lOR 6/2); abundant medium-grained 
accessory dark and white mica; well 
cemented, calcareous; cuspate-type 
ripple lamination; weathers to form 
ledge. About 10 percent of unit is 
pale-reddish-brown (lOR 5/4) clay
stone that is the same as that in 
underlying units. This claystone is 
present as thin to very thin beds in-
terstratified with the siltstone ......... . 

6. Claystone and minor siltstone; pale-red
dish-brown (lOR 5/4), grayish-red 
(5R 4/2), minor grayish-blue (5PB 
5/2) color bands in lower half of 
unit, and a few thin light-greenish
gray (5GY 8/1) color bands through
out unit; weathering same colors; 
firmly cemented, slightly calcareous 
in parts; composed of horizontal beds 
from 5 to 20 ft thick; weathers to 
form steep slope. Clays do not swell 
on contact with water. A few thin 
sets of ripple laminated siltstone are 
present about 20 ft below top of unit .. 

5. Claystone ( 60 percent) and siltstone 
(40 percent). Claystone, same as 
that in upper half of unit below. 
Siltstone, light greenish gray (5GY 
8/1) and grayish red (5R 4/2), 
colors mottled in part, weathering 
same colors; abundant medium
grained white mica; well cemented, 
calcareous; horizontally laminated, 
possibly some cuspate-type ripple 
lamination. Siltstone is present as 
very thin to thin sets interstratified 
with the claystone. Unit weathers to 
form small ledge ................................. . 

4. Claystone; grayish red (5R 4/2) in 
lower half, grading up to pale red
dish brown (lOR 5/4) in upper half, 
weathering same colors; firmly ce
mented; stratification concealed al
though some horizontal beds can be 
seen from a distance; weathers to 
form steep frothy-surfaced slope. 
Some limestone nodules noted ........... . 

3. Claystone to siltstone, medium light 
gray (N 6), light greenish gray 
(5GY 8/1), several grayish red 
(5R 4/2) thick color bands in top 
20 ft, weathering same colors; firmly 
cemented, noncalcareous, clay bind
ing; stratification concealed; weath
ers to form frothy-surfaced bad
lands. Unit contains several thin sets 
of sandstone in basal 10 ft of unit. 
This sandstone is yellowish gray (5Y 
8/1) and medium grained and con
tains abundant interstitial clay and 
common clay pellets. Sandstone is 
present as horizontal very thin beds. 
Unit forms greenish-colored interval 

Feet 

5.0 

76.4 

7.6 

27.0 

.r·. 
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Chinle Formation (incomplete)-Continued 
Lower red member-Continued 

at base of Chinle. The basal half of 
unit contains abundant carbonaceous 
material. Clays do not swell on con
tact with water, although claystone 
weathers like bentonite. Some lime-
stone nodules present in parts of 
unit ......................................................... . 

Total of lower red member ............. . 

Shinarump Member: 
2. Sandstone, mottled yellowish gray (5Y 

8/1) and grayish purple (5P 4/2), 
yellowish gray (5Y 8/1) in top few 
feet, weathering same colors, fine to 
medium grained, fair sorted; com
posed of subangular clear quartz; 
well cemented, slightly calcareous, 
but probably mostly siliceous cement; 
stratification mostly concealed but is 
horizontally bedded in some parts, 
one thin set of low-angle large-scale 
cross-stratification noted; weathers 
to form ledge and underlies bench. 
Mottling o:f colors very intricate; 
in many places the two colors form 
alternating bands a few millimeters 
thick, giving impression of cross
laminae. Unit contains a few dis
seminated pebbles of quartzite and 
yellow chert as large as 1% in. in 
maximum dimension. Base of unit is 
not easily located but is placed at 
texture and stratification change. On 
line of section, purplish colors are 
confined to the Shinarump, but at a 
locality about 1h mile north of Nazlini 
Trading Post the purple colors occur 
in the topmost part of the under-

Feet 

62.6 

203.5 

lying De Chelly...................................... 16.2 

Total of Shinarump Member.......... 16.2 

Total of Chinle Formation (com-
posite of Nazlini Trading Post 
sections A and B) ........................ 1,091.2 

De Chelly Sandstone (unmeasured) : 
1. Sandstone, pinkish gray (5YR 8/1), 

weathering very pale orange (10YR 
8/2), very fine to fine grained, well 
sorted; composed of subangular to 
subrounded clear quartz and rare 
black and orange accessory minerals; 
firmly cemented, slightly calcareous; 
very thick to thick sets of large-scale 
cross-strata; weathers to form cliff. 
Unit examined in small canyon; only 
top 10 ft examined .......................... Unmeasured 

Base of section; base of local exposure. 

A-8b. NAZLINI TRADING POST SECTION B 
Mcasu1·cd sta?·ting 6% ?niles southwest of Nazlini Trading 

Post ancl continuing west fo1· 1-Y4 miles to westernmost of 
two p?·omonto?·ie.~ of the no'rthent end of Ganado Mesa, 
long 10.9° 81'40" W., lat 3fj 0 49'35" N., Apache County 

[Measured by J. H. Stewart nnd R. F. Wilson, September 1955] 

Top of section; top of exposure. Top of section is at 
southeasterly of two promontories and about 500 
ft northwest of slight monoclinal fold. Top of 
section is S. 46 o W. of Nazlini Trading Post. 

Bidahochi Formation: 
10. Sandstone, very pale orange (lOYR 

8/2), weathering same color, fine to 
medium grained, poorly to fair 
sorted; composed of rounded to sub
angular clear and amber-stained 
quartz and about 5 percent orange 
and black minerals; poorly cemented, 
calcareous; horizontally thinly to 
very thinly bedded, rare medium
scale low-angle cross-strata; weathers 
to form cliff or very steep slope. Base 
of unit is an unconformity that cuts 
out about 50 ft of the Rock Point in 
about 1,000 ft along the outcrop. 
Basal 0.4 ft of unit contains granules 
of reddish siltstone, gray limestone, 
and white chert. Only basal 20 ft of 
unit examined; thickness estimated .. 

Wingate Sandstone: 
Rock Point Member: 

9. Siltstone, grayish red (lOR 4/2) and 
light brown (5YR 6/4), weathering 
same colors, very fine grained sandy 
in places; firmly to well cemented, 
calcareous; horizontally stratified in 
beds from 5 to 10 ft thick; weathers 
to form slope. Unit from 10.2 to 18.7 
ft is sandy siltstone and weathers 
to form a ledge. Base of unit is con-
formable ................................................. . 

Total of Rock Point Member ......... . 

Total of Wingate Sandstone .......... :. 
Chinle Formation (incomplete) : 

Owl Rock Member: 
8. Siltstone and limestone. Siltstone, pale 

reddish brown (lOR 5/4), grayish red 
(lOR 4/2), light brown (5YR 6/4), 
and rare color bands of grayish red 
(5R 4/2) to pale red purple (5RP 
6/2), weathering same colors; lime
stone nodules that range in size from 
a few millimeters to over 1 centimeter 
constitute a few percent to 10 percent 
of the siltstone in most places; firmly 
cemented, calcareous; horizontally 
stratified in beds from a few feet to 
20 ft thick. Limestone, light greenish 
gray (5GY 8/1), minor pale red 
(5R 6/2), weathering light greenish 
gray (5GY 8/1), dense; second high
est limestone bed is oolitic; well 
cemented. Limestone is present as 
thin to thick horizontal beds inter
stratified with the siltstone. Lime
stone beds have following positions: 
135.1 to 136.5 ft, 173.1 to 174.1 ft, 
208.2 to 209.9 ft, 212.0 to 214.0 ft, 
226.1 to 228.8 ft, 236.0 to 238.5 ft, 
and 250.1 to 250.9 ft above base of 
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Feet 

150± 

40.2 

40.2 

40.2 



120 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Chinle Formation (incomplete) -Continued Feet 

Owl Rock Member-Continued 
unit. Limestone contains rare gray or 
white chert nodules mostly less than 
14 in. in maximum dimension. Thick
ness and position of limestone beds 
varies considerably along exposure. 
Limestone weathers to form ledges 
whereas siltstone weathers to form 
slopes. Second highest limestone bed 
forms cap to prominent line of cliffs 
to the north of section........................ 250.9 

7. Limestone and siltstone. Limestone, pale 
red purple (5RP 6/2) and light 
greenish gray (5GY 8/1), weathering 
same colors, dense; well cemented, 
horizontally thinly bedded; weathers 
to form ledges. Limestone contains 
gray chert nodules as large as 2 in. 
in maximum ·dimension. Siltstone, 
pale red purple (5RP 6/2) and gray
ish red (5R 4/2), weathering same 
colors; firmly cemented, calcareous. 
Siltstone is present as thin to very 
thick structureless beds interstrati- . 
tied with thin to thick beds of lime
stone. Siltstone weathers to form 
slopes and contains abundant lime
stone nodules. Unit as whole weath
ers to form prominent dark-colored 
ledge. This unit contains a total of 
5.0 ft of limestone. In places the silt-
stone grades laterally to limestone ... . 

Total of Owl Rock Member ........... . 

Petrified Forest Member (incomplete) : 
Upper part: 

6. Siltstone, light brown (5YR 6/4) to 
grayish red (lOR 4/2), one 10-ft 
pale-red (lOR 6/2) interval in middle 
of unit, weathering same colors·; 
firmly cemented, calcareous; horizon
tally stratified in beds from a few 
feet to 20 ft thick; weathers to form 
steep slope. The base of unit appears 
to mark the top of bentonitic clay
stone in the stratigraphic section and 
the base of siltstone similar to that in 
the Owl Rock Member. From a dis
stance, the base of unit is easy to 
pick; the underlying unit weathers to 
frothy-surfaced badlands that have 
smooth rounded forms, whereas unit 
described here weathers as a steep 
slope with relatively intricate gullies 
and a relatively thin veneer of weath
ered rock. In detail, the contact is 
difficult to locate. Siltstone contains 
common limestone nodules the size of 
coarse grains to pebbles. At 78.4 to 
81.6 ft, unit contains abundant pale
red (lOR 6/2) limestone nodules that 
in places join to form a thin irregular 
mass of limestone ............................... . 

14.5 

265.4 

101.2 

Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

Upper part-continued 
5. Silty claystone, pale reddish brown (lOR 

5/4), grayish red (lOR 4/2) and 
moderate red (5R 5/4), common 
light-greenish-gray (5GY 8/1) mot
tling, weathering same colors; 
probably grades from claystone to 
siltstone; bentonitic clays; firmly 
cemented, calcareous in parts; struc
tureless, some suggestion of horizon
tal stratification planes at places; 
weathers to form badlands. Surface 
is frothy and has weathered zone 
from % to 1 ft thick. Unit contains 
many horizons of limestone nodules. 
Basal 6 ft of unit is clayey sandstone 
which is pale red (lOR 6/2) with 
abundant light-greenish-gray mot
tling and is very fine grained and fair 
sorted. The clayey sandstone is com
posed of subangular to angular milky 
quartz and about 2 percent coarse
grained dark-green mica, has con
cealed stratification and weathers to 
form a slope ........................................... . 

Note.- Units 3 and 4 are laterally equiv
alent to units included in Sonsela Sand
stone Bed in Nazlini Trading Post section 
A. 

4. Siltstone and limestone nodules. Silt
stone, grayish red ( 5R 4/2 and lOR 
4/2), weathering medium gray (N 
5) ; firmly cemented, calcareous; some 
horizontal stratification planes. Lime
stone nodules, pale red (lOR 6/2) 
and medium light gray (N 6), dense, 
as large as 1% in. in largest dimen
sion,. comprise about 20 percent of 
unit. Unit forms conspicuous grayish 
color band in the otherwise reddish 
sequence of strata. Locally unit con
tains very thin to thin lenses of limy 
siltstone. At a few places the unit 
grades laterally into cliff-forming 
sandstone. Directly to the east of 
base of this section, unit appears 
to grade laterally into a sandstone 
bed that forms part of the Sonsela 
Sandstone Bed. Unit is either at the 
same position or close to the same 
position ( ± 25 ft) as unit 15 in 
Nazlini Trading Post section A ....... . 

Offset at the base of this unit 4 so that over
lying units measured 1,500 ft west of 
underlying units. 

3. Silty claystone to siltstone (60 percent) 
and sandstone (40 percent). Silty 
claystone to siltstone, pale reddish 
brown (lOR 5/4) and grayish red 
{5R 4/2), weathering same colors; 
poorly to well cemented, slightly 
calcareous; stratification concealed; 

Feet 

260.5 

6.3 

.,. 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete)-Con. 

Upper part-Continued 
papery splitting in lower half. Sand
stone, pale pink (5RP 8/2), bluish 
white (58 9/1), and light greenish 
gray (5GY 8/1), weathering same 
colors, fine to medium grained, clayey 
in parts, fair-sorted; composed of 
subangular milky quartz and 1 to 
5 percent black mineral; firmly ce
mented, clay binding, slightly calcare
ous in parts; stratification concealed; 
viewed from a distance, sandstone is 
lenticular and contains low-angle 
cross-strata. Unit as a whole weath
ers to form badlands. Clays swell on 
contact with water. A thin lens of 
sandstone at 36.6 ft that contains 
abundant pelecypods. The pelecypods 
are poorly preserved, are conposed 
of calcite, and are as long as about 
1% in. This sandstone also contains a 
few bone fragments ........................... . 

Total of upper part of Petrified 
Forest Member .......................... .. 

Sonsela Sandstone Bed : 
2. Sandstone, pale pink (5RP 8/2) to pale 

red purple (5RP 6/2) and light 
greenish gray (5GY 8/1), weathering 
light olive gray (5Y 6/1), fine 
grained, fair sorted; composed of 
subangular milky quartz and about 
5 percent orange and green minerals, 
rare coarse-grained accessory white 
mic.a; firmly cemented, slightly cal
careous; composed of thin wedge
planar and trough sets of small- to 
medium-scale cross-laminae; weath
ers to form most prominent local 
ledge and underlies a bench in places. 
Basal 3 in. contains about 40 percent 
gray rounded granules and pebbles 
of siltstone and limestone. Unit inter
tongues extensively with overlying 
unit. This unit may be the same as 
unit 10 of Nazlini Trading Post sec-
tion A ................................................... . 

Total of Sonsela Sandstone Bed ... . 

Lower part (incomplete) : 
1. Claystone to siltstone (70 percent) and 

clayey sandstone (30 percent). Clay
stone to siltstone, grayish purple (5P 
4/2) and grayish red (5R 4/2), and 
abundant light greenish gray (5GY 
8/1) mottling, weathering same 
colors; firmly cemented, noncalcare
ous; probably horizontally stratified in 
beds from 5 to 10 ft thick. Clayey 
sandstone, pale red purple ( 5RP 6/2 
with abundant light-greenish-gray 
(5GY 8/1) mottling, some yellowish 
gray (5Y 8/1), fine to medium 

Feet 

71.0 

439.1 

17.8 

17.8 

Chinle Formation (incomplete) -Continued Feet 

Petrified Forest Member (incomplete)-Con. 
Lower part (incomplete)-Continued 

grained; fair sorted; composed of 
angular to subangular clear and milky 
quartz and about 10 percent orange 
mineral, 5 percent green mineral, and 
3 percent dark-green mica; poorly ce
mented, slightly calcareous, mostly 
clay bip.ding; stratification concealed, 
but from a distance sandstone appears 
to form lenses and fill channels several 
feet deep cut into underlying beds. 
Unit as whole weathers to form steep 
frothy-surfaced slope. Position and 
amount of sandstone greatly variable. 
Thickness of unit estimated. This unit 
is the same, at least for the most 
part, as unit 9 of Nazlini Trading 
Post section A ........................................ 125.0± 

Total of incomplete lower part of 
Petrified Forest Member ............ 125.0± 

Total of incompleted Petrified 
Forest Member .............................. 481.2 

Total of incomplete Chinle Forma-
tion .................................................. 847.8 

Base of section; base of exposure. Base of section 
about 1% miles east of prominent line of cliffs 
formed by the Owl Rock Member. Section starts in 
large north-south canyon and at point about 2,000 
ft south of monocline. 

A-9b. ST. JOHNS SECTION B 
Measured 6 miles S. 20° E. of St. Johns and 1 mile N. 20° E. 

of northeastermnost part of basalt-capped mesa, long 
109° 19'30" W., lat 34 °25'25" N., Apache County 

[Measured by J. H. Stewart and R. F. Wilson, August 1955] 

Top of section; top of exposure. Top of section at Feet 

point several hundred feet west of a uranium 
prospect. 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

9. Sandstone, grayish orange (10YR 7/4), 
weathers to dark yellowish orange 
(10YR 6/6); fine grained, base of 
unit contains abundant thin lenses of 
yellowish-gray (5Y 8/1) to dark-gray 
(N 3) medium- to coarse-grained 
friable sandstone as well as conglom
erate lenses composed of clay galls 
and of granules to pebbles of chert 
and quartzite. Sandstone is well 
sorted and is composed of subangular 
to subrounded clear to yellowish
stained quartz with rare black acces
sory mineral and mica; well ce
mented, calcareous. Unit is composed 
of very thin to .thick trough sets of 
medium-scale cross-strata and weath
ers to form prominent vertical cliff 
that forms cap of escarpment extend-
ing for several miles .......................... 16.8 

8. Clayey pebbly sandstone, yellowish-gray 
(5Y 7 /2), mottled with moderate 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

yellow ( 5 Y 7 I 6) , weathering same 
colors, medium to coarse grained, 
poorly sorted ; sand grains are com
posed of subangular to subrounded 
clear quartz with uncommon black 
accessory mineral and white mica; 
clay comprises 20 percent of the unit; 
pebbles of chert and quartzite as 
large as %, in. in maximum diameter 
constitute 10 percent of unit and 
occur disseminated throughout the 
sandstone. Clayey pebbly sandstone is 
poorly cemented and has a slightly 
calcareous clay binding; it probably 
is thin bedded but stratification is 
largely concealed. Unit weathers to 
form slope. Unit contains abundant 
carbonaceous and siliceous plant re-
mains ..................................................... . 

7. Claystone, light-olive-gray (5Y 6/1) 
mottled with moderate yellow (5Y 
7/6), weathering same colors, con
tains minor very fine sand and silt 
grains; fair sorted; contains swelling 
clays; sand and silt grains are com
posed dominantly of subangular to 
subrounded milky quartz; noncal
careous; structureless; weathers to 
form slope ............................................. . 

Total of incomplete Petrified Forest 
Member ......................................... . 

Mesa Redondo Member: 
6. Siltstone to claystone, grayish red (lOR 

4/2), minor grayish-purple (5P 4/2) 
mottling in upper 2 ft, weathering 
same colors; firmly cemented, non
calcareous; stratification concealed; 
weathers to form slope ....................... . 

5. Clayey sandstone, grayish red purple 
(5RP 4/2) and light greenish gray 
( 5G Y 8/1), mottled; weathering 
pinkish gray (5YR 8/1); medium 
to coarse grained, poorly sorted; con
tains 15 to 20 percent clay; composed 
of subangular grains, dominantly 
clear quartz, about 20 percent black 
grains, and 10 percent orange and 
green grains; poorly cemented, 
slightly calcareous; stratification con
cealed; weathers to form steep slope. 
A few granules and pebbles of chert 
noted ....................................................... . 

4. Siltstone to sandstone (80 percent) and 
sandstone (20 percent), grayish red 
(lOR 4/2), rare grayish red purple 
( 5RP 4/2), and light-greenish-gray 
( 5G Y 8/1) mottling; weathering 
moderate red (5R 5/4), sandy (very 
fine grained) in parts; common 
medium-grained accessory mica; firm
ly to well cemented, slightly calcare
ous; structureless. Sandstone, grayish 
red (5R 4/2), weathering same color, 

Feet 

5.1 

5.0 

26.9 

14.6 

30.8 

Chinle Formation (incomplete) -Continued 
Mesa Redondo Member-Continued 

medium to coarse grained, silty; 
composed of angular reddish-stained 
quartz, firmly cemented; calcareous; 
composed of thin trough sets of me
dium-scale cross-laminae. Sandstone 
is present as thin to very thick 
lenses interstratified with rest of unit. 
Unit as whole weathers to form 
bench in lower part and gentle slope 
in upper part ....................................... . 

Total of Mesa Redondo Member ..... . 

Long offset in section. Section t1·ansfe1·red 
so that overlying units measured sta1·ting 
2,000 ft S. 26° E. of unit 3. Possibly 10 
ft of st?·ata gained or lost in transfer. 

3. Sandstone to conglomeratic sandstone, 
brownish gray (5YR 4/1) and pale 
reddish brown (lOR 5/4), weathering 
grayish red (lOR 4/2) and light 
brown (5YR 6/4), coarse grained, 
fair sorted; composed of subrounded 
to subangular reddish-stained quartz; 
poorly cemented, calcareous in parts; 
composed of thin trough sets of 
small- to medium-scale cross-laminae; 
weathers to form extensive bench. 
Granules to cobbles comprise about 
5 percent of unit and occur dis
seminated in the sandstone or con
centrated in poorly defined thin beds. 
The granules to cobbles are composed 
of quartzite, chert, and rare quartz, 
average about 1 in. in diameter, 
and are. as large as 3 in. in diameter 

Total of Shinarump Member ........... . 

Mottled strata: 
2. Sandstone, light greenish gray (5GY 

8/1) with irregular mottled areas of 
grayish red ( 5R 4/2), grayish purple 
(5P 4/2) and dark yellowish orange 
(lOYR 6/6), mottling occurs mostly 
along vertical zones from a few 
inches to 1 ft wide; weathers same 
colors, fine grained, poorly sorted; 
composed of angular milky quartz 
and about 5 percent black minerals; 
well cemented, noncalcareous; strati
fication largely concealed by mottling, 
but unit contains some small- to 
medium-scale cross-strata; unit 
weathers to form a vertical cliff, 
and forms conspicuous purplish mot-
tled interval ......................................... . 

Total of mottled strata ................... . 

Tot~l of Chinle Formation (com
posite of St. Johns sections B, C, 
and D) .......................................... .. 

Moenkopi Formation (incomplete) : 
1. Siltstone to claystone, grayish red ( 5R 

4/2 and lOR 4/2) and grayish purple 
(5P 4/2) ; firmly cemented, noncal-

Feet 

39.2 

84.6 

33.6 

33.6 

16.8 

16.8 

1,035.8 
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Moenkopi Formation (incomplete)-Continued Feet 

careous; structureless; weathers to 
form steep slope along side of creek; 
base of unit not exposed ...................... 10+ 

Total of incomplete Moenkopi 
Formation ................................ .'..... 10+ 

Base of section; base of exposure. Base of section 
about 3,000 ft N. 55 o W. of prospect. 

A-9c. ST. JOHNS SECTION C 

Measurccl on exposure 3-4 ?niles east to northeast of St. 
Johns. Units 1-9 at long 109°17'50" W., lat 94°30'10" N.; 
unit 4 at long 10.9° 18'50" W., lat 34 o 31'40" N., ancl units 
5-8 at long 10.9° 18'30" W., lat 34 °92'15" N., Apache County 

[Measured by J. H. Stewart and F. G. Poole, June 1955] 

Top of section; top of exposure. Top of section at Feet 

highest exposure on cliffs 4.0 miles northeast of 
St. Johns and 3.5 miles N. 41 o E. of bridge across 
Little Colorado River on east side of St. Johns. 

Chinle Formation (incomplete): 
Upper part of Petrified Forest Member (in

complete) : 
8. Claystone to siltstone, grayish purple 

(5P 4/2) and greenish gray (5GY 
6/1), weathering same colors; swelling 
clay; well cemented, noncalareous; 
structureless, color bands suggest a 
few horizontal bedding planes; weath
ers to form badlands. Unit contains 
several horizons of limestone 
nodules. Unit measured to highest 
exposure .................................................. 45.0± 

Total of incomplete upper part of 
Petrified Forest Member 45.0± 

Sonsela Sandstone Bed: 
7. Sandstone, very pale orange (lOYR 

8/2) and yellowish gray (5Y 8/1), 
weathering grayish orange (lOYR 
7/4) in lower half .and very pale 
orange (lOYR 8/2) in upper half; 
fine to medium grained, fair sorted; 
composed of subangular to subround
ed clear quartz and common orange 
accessory minerals in upper half; 
poorly cemented in lower half and 
firmly to well cemented in upper half, 
clay binding, noncalcareous; strati
fication largely concealed, but unit 
contains very thin to thin horizontal 
beds in top half; weathers to form 
steep slope. Unit forms conspicuous 
tan band on outcrop. About 2,000 ft 
southwest of line of section unit forms 
a cliff and caps small mesa; unit 
contains carbonaceous material in 
lower half, silicified wood common 
lateral to line of section; also lateral 
to line of section unit contains con
glomeratic beds near base with gran
ules and pebbles of chert and quartz-
ite ............................................................ 24.4 

Total of Sonsela Sandstone B.e<J...... 24.4 

472-202 0 - 72 - 9 

Chinle Formation (incomplete)-Continued 
Lower part of Petrified Forest Member: 

6. Claystone to clayey sandstone, grayish 
purple (5P 4/2), grayish red (5R 
4/2), and greenish gray (5GY 6/1), 
weathering same colors. Clay sand
stone, very fine grained, poorly 
sorted; composition largely masked 
but contains 5 to 10 percent orange 
and green minerals, and 1 percent 
dark-green mica. Claystone to clayey 
sandstone, firmly cemented, clay bind
ing, noncalcareous; structureless; 
weathers to form badlands. To north 
of line of section this unit is mostly 
greenish and forms a conspicuous 
greenish band. Thickness of unit may 
be in error by as much as 10 ft ........... . 

5. Clayey sandstone, white (N 9), pinkish 
gray (5YR 8/1), pale olive (lOY 
6/2) and grayish red (5R 4/2) in 
top 2 ft, fine grained, poorly sorted; 
composed of angular milky quartz 
and 10 percent orange and green 
minerals, abundant dark-green mica; 
poorly cemented, clay binding, non
calcareous; stratification concealed; 
weathers to form badlands ............... . 

Offset on top of unit 4 so that units 5-8 
measurecl starting at point 2,500 ft north
east of top of unit 4. Units 5-8 measured 
staTting at JJoint N. 45° E. of bridge. 

4. Claystone, variegated in horizontal 
bands, grayish purple ( 5P 4/2), 
grayish red purple (5RP 4/2), me
dium gray (N 5), and light greenish 
gray (5GY 8/1) in thin bands and 
as mottling throughout, weathering 
same colors; swelling clays; firmly 
to well ce·mented, noncalcareous; 
structureless, horizontal color bands 
suggest horizon tal stratification 
planes; weathers to form frothy
surfaced badlands. Several limestone
nodule horizons. Many fossil verte
brate fragments. Thickness of unit 
probably accurate within 10 ft ........... . 

Long offset in section at color change at top 
of unit 3, so that unit 4 measured starting 
at point about 1.9 miles N. 90° W. of 
place where unit 9 measured. Color change 
appea·rs to be consistent st·ratigraphically, 
so that probably not more than 15 ft was 
lost or gained in offset. Unit 4 measured 
at place 3.0 miles N. 60° E. of bridge 
across Little Colorado River at east side 
of St. Johns and 1.4 miles N. 44o E. of 
cemete1·y. 

3. Claystone (80 percent) and sand
stone (20 percent). Claystone, gray
ish red (lOR 4/2) to grayish yellow 
green (5GY 7/2), very dusky red 
(lOR 2/2) at top, weathering same 
colors; swelling clays, common fine
grained white mica; wen ·cemented, 

123 

Feet 

50.0 

9.2 

90± 



124 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Chinle Formation (incomplete) -Continued 
Lower part of Petrified Forest Member-Con. 

clay binding calcareous cement; 
horizontally bedded and structureless. 
Sandstone, grayish red (lOR 4/2), 
grayish yellow green (5GY 7/2), and 
dusky yellow (5Y 6/4), weathering 
same colors, very fine grained, well 
sorted; composed of clear quartz, 
abundant white mica; well cemented, 
calcareous cement and clay binding; 
very thin to thin sets of ripple 
laminae. Unit as whole weathers to 
form steep slope. Unit from distance 
appears as conspicuous brownish band 
over greenish rocks of underlying 
unit ......................................................... . 

Lower sandy unit: 
2. Claystone to siltstone and sa~dstone. 

Claystone to siltstone, greenish gray 
(5GY 6/1), a 15 ft interval of gray
ish red (lOR 4/2) in middle of unit 
and abundant grayish red purple 
(5RP 4/2) in top 10 ft, weathering 
same colors; firmly to well indurated; 
structureless; weathers to form 
frothy- surfaced slope. Sandstone, 
greenish gray (5GY 6/1) and light 
brownish-gray (5YR 6/1), weathering 
grayish brown (5YR 3/2), very fine 
grained, well sorted; composition un
known, abundant medium-grained 
accessory white mica; well cemented, 
calcareous; ripple laminated, cuspate
type ripples; weathers to form ledges. 
Sandstone is present as thin to very 
thick sets interstratified with clay
stone and siltstone; along line of sec
tion only a few thin sets of sandstone 
are present, but away from line of 
section as much as 10 percent of unit 
is composed of these sets of sand
stone; in places the sets of sandstone 
are contorted by many small-scale 
folds and faults; from a distance the 
unit gives a hummocky appearance. 
Claystone to siltstone contains rare 
flakes of carbonaceous material; basal 
2.5 ft of· unit is grayish-blue (5PB 
5/2) claystone containing swelling 
clays ....................................................... . 

Total of lower sandy unit ............... . 

Total of lower part of Petrified 
Forest Member ............................. . 

Total of Petrified Forest Member 
(composite of St. Johns sections 
C and D using thickness of 
Sonsela Sandstone Bed from sec-
tion D) ........................................... . 

Mesa Redondo Member (unmeasured) : 
1. Claystone and sandstone. Claystone, 

grayish red (lOR 4/2 and 5R 4/2), 
pale red purple (5RP 6/2), weather
ing same colors, abundant white 

Feet 

34.8 

85.8 
85.8 

269.8 

900.9 

Chinle Formation (incomplete)-Continued 
Mesa Redondo Member-Continued 

mica; firmly cemented; structureless; 
shaly splitting in part. Sandstone, 
light greenish gray (5G 8/1), to 
brownish gray (5YR 4/1), weathers 
yellowish gray (5Y 7/2) and pale 
brown (5YR 5/2), medium to coarse 
grained, fair sorted; composed of 
subangular to subrounded quartz and 
rare chert, 1 to 2 percent white and 
green mica; poorly cemented, calcare
ous and clay cement; composed of 1-
to 2-ft-thick lenticular beds, minor 
trough sets of small-scale cross
stratification. Unit as a whole weath
ers to form slope. Only top lO±ft of 

Feet 

unit exposed .................................... Unmeasured 

Total of incomplete Chinle Forma-
tion .................................................. 339.2 

Base of section; base of exposure. Base of section is 
3.3 miles east of the bridge across the Little Colo
rado River on the east side of St. Johns. Base 
of section near head of 1,000-ft-wide reentrant in 
Chinle outliers; base of section 1.8 miles S. 68 o 

E. of cemetery. 

A-9d. ST. JOHNS SECTION D 
M easu'red across an anticline about 16 miles north of St. 

Johns and 1 mile east of highway U.S. 666-Arizona 61. 
Section starts at Argo Co. drill hole at long 109° 15' W., 
lat 34 o 42' N., and continues to northeast with several 
offsets . to promontory at long 109° 11' W., lat 34 o 46' N., 
Ap(lche County 

[Measured by J. H. Stewart and F. G. Poole, June 1955) 

Top of section; top of exposure. Top of section at Feet 

point 6 miles N. 37° E. of Argo Co. drill hole. Top 
of section is 1 mile east of a northern limit of a 
lava flow. 

Dakota Sandstone (incomplete) : 
12.· Sandstone, grayish orange (lOYR 7/4), 

weathering same color, fine grained, 
well sorted; composed of subrounded 
clear quartz and rare black accessory 
mineral; firmly cemented, noncal
careous; composed of thin planar sets 
of small-scale cross-laminae, minor 
horizontal very thin beds; massive 
splitting; weathers to form ledge and 
underlies bench at top of cliff............ 8+ 

11. Siltstone (80 .P.ercent) and sandstone 
(20 percent). Siltstone, dark gray 
(N 3) to light gray (N 7) and minor 
yellowish gray (5Y 8/1), weather
ing light gray (N 7) ; poorly to 
well cemented, clay binding; strati
fication concealed. Sandstone, dusky 
yellow (5Y 6/4) and very pale orange 
(lOYR 8/2), weathering very pale 
orange (lOYR 8/2), very fine 
grained, fair sorted; composed of 
subangular qua-rtz and common black 
accessory mineral; well cemented, 
calcareous; horizontally laminated 
and minor thin planar sets of small-
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Dakota Sandstone (incomplete)-Continued 
scale cross-laminae. Unit as whole 
weathers to form slope with ledges on 
the sandstone; the sandstone is pres
ent as thick to very thick layers 
interstratified with the siltstone; 
dark-gray siltstone is probably car-
bonaceous ............................................... . 

10. Sandstone, grayish orange (lOYR 7/4) 
and rare moderate orange pink (lOR 
7/4), weathering grayish orange 
(lOYR 7/4); fine grained, fair sorted; 
composed of subangular clear quartz 
and rare black accessory minerals; 
firmly cemented, slightly calcareous; 
composed of thin to thick trough sets 
of medium-scale cross-laminae. Lower 
half of unit contains much contorted 
stratification with gnarly appear
ance; weathers to form ledge. Basal 
third of unit contains several lenses 
containing angular granules and 
pebbles of siltstone; basal contact 
sharp; basal strata contain casts of 
worm borings ( ?) ................................... . 

Total of incomplete Dakota Sand-
stone ............................................... . 

Chinle Formation (incomplete): 
Petrified Forest Member (incomplete) : 

Upper part: 
9. Siltstone, pale olive (lOY 6/2) and light 

greenish gray (5GY 8/1), weathering 
same colors; firmly to well cemented, 
calcareous; structureless; weathers 
to form steep slope that forms green
ish band below overlying sandstone 
unit. Basal contact of unit is grada
tional, across 10 ft of beds, with 
reddish siltstone of underlying unit. 
Top 2 ft of unit is dominantly dark 
yellowish orange. This unit may be 
entirely or partly the basal bed of the 
Dakota Sandstone, but is tentatively 
considered a bleached bed at the top 
of the Chinle Formation. It is con
sidered Chinle because it does not 
contain carbonaceous beds typical of 
the Dakota and because it appears to 
grade downward into typical Chinle .. 

8. Sandstone (60 percent) and siltstone 
(40 percent). Sandstone, moderate 
red (5R 4/6) and pale red (5R 6/2) 
with common light-greenish-gray 
(5GY 8/1) mottling, weathering same 
colors, very fine to fine grained, 
fair sorted; composed of subangular 
clear quartz and 5 to 10 percent 
orange and black minerals, common 
white mica; firmly to well indurated, 
slightly calcareous cemented, some 
clay binding; horizontally laminated 
to very thin bedded, rare ripple 
laminae and rare trough sets of 
medium-scale cross-laminae. Siltstone, 

Feet 

29.8 

32.0 

69.8 

19.0 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Upper part-Continued 
grayish red (lOR 4/2) and pale red
dish brown (lOR 5/4), weathering 
same colors, clayey in parts; firmly 
to well cemented, calcareous; struc
tureless. Unit as whole weathers to 
form steep slope; siltstone forms top 
135 ft of unit, and sandstone pre
dominates in rest of unit. Unit con
tains several lenses with abundant 
limestone nodules and several lenses 
of very coarse grained sandstone 
composed of rounded limestone grains 
in a silt matrix ................................... . 

7. Covered. Forms about 2.6 miles of 
wide flat. Dip estimated to average oo 
because exposures at both ends of 
covered interval have about this dip. 
Possibly some error in thickness due 
to inaccuracy in estimating dip ....... . 

Long offset in section, so that base of unit 
7 is measured about 2.3 miles N. 14 o 

W. of unit 6. Unit 7 measured starting 
at point about 3.4 miles N. 30° E. of Argo 
Co. d·rill hole and continuing along line N. 
47° E. to point on cliffs about 2.7 miles 
distant. Offset on exposed top surface of 
sandstone. 

6. Sandstone (80 percent) and conglomer
ate (20 percent). Sandstone, pale red 
(lOR 6/2), weathering same .color, 
fine to medium grained, fair sorted, 
composed of subangular to subrounded 
milky quartz and abundant black and 
rare orange accessory minerals, 
poorly cemented, calcareous, composed 
of thin to thick planar and trough 
sets of medium-scale cross-laminae. 
Conglomerate, pale red (lOR 6/2) 
and minor yellowish gray (5Y 8/1), 
weathering pale. yellowish brown 
(lOYR 6/2). Clasts in conglomerate 
average 1,4 to lh in. in diameter and 
are composed of light-gray, yellow, 
and red chert, white quartz, and dark
gray quartzite. Matrix of conglom
erate in places is fine to medium sand 
and in other places is sandy silt. Con
glomerate is firmly to well cemented, 
calcareous, structureless, and in 
places cross stratified; all gradations 
occur from conglomerate to sand
stone. Unit as whole weathers to 
form prominent ledge that caps cliffs 
about 2.5 miles east of Argo Co. 
drill hole. One silicified log about 9 
in. in diameter was noted. Top of unit 
6 at point approximately N. 80° E. of 
Argo Co. drill hole ............................... . 

5. Clayey sandstone (50 percent) and 
claystone to siltstone (50 percent). 
Clayey sandstone, pale red (lOR 6/2), 
rare light-greenish-gray (5GY 8/1) 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

Upper part-Continued 
mottling and thin bands, weathering 
same colors; very fine to fine grained, 
rare··medium to coarse grained parts, 
abundant clay, fair sorted; composed 
of subangular milky quartz, and com
mon green accessory mineral, abun
dant dark-green mica; firmly to well 
cemented, slightly calcareous; hori
zontally laminated to thin bedded and 
minor thin trough sets of medium
scale cross-laminae. Claystone to silt
stone, grayish red (lOR 4/2) and 
minor pale red (lOR 6/2), weathering 
same colors; swelling clays in places; 
firmly cemented, slightly calcareous; 
structureless. Unit weathers to form 
steep reddish slope. All gradations 
from clayey sandstone and siltstone 
to claystone occur; individual beds 
within unit are discontinuous ........... . 

4. Covered. Unit forms a 0.8-mile-wide 
flat. Dip estimated to average about 
0 o. Possibly some error in thickness 
due to inaccuracy in estimating dip .... 

Total of upper part of Petrified 
Forest Member ............................. . 

Long offset in section, so that overlying unit 
is measwred starting 1 mile N. 80° E. of 
underlying unit. Units 4, 5, and 6 mea
sured along line N. 85° E. across a flat 
and up cliffs 0.8 mile distant. Offset on 
exposed top surface of sandstone. 

Sonsela Sandstone Bed : 
3. Sandstone to conglomeratic sandstone, 

white (N 9) to very light gray (N 
8), weathering pale red (lOR 6/2) to 
grayish orange pink (lOYR 7/2), 
fine to coarse grained, well to fair 
sorted; composed of subangular to 
subrounded clear quartz and rare 
pink quartz, common black accessory 
minerals, and uncommon white mica; 
well to poorly cemented, noncalcare
ous; medium-scale trough sets; 
weathers to form ledge and forms 
pr~minent bench. Pebbles occur chiefly 
as lenses in lower % of unit. They 
are composed chiefly of rounded white 
chert. Many chert pebbles are badly 
weathered. Other pebbles are quartz
itic, and a few are igneous material, 
quartz, or siltstone. Minor siltstone 
partings are present ············:··············· 

Tot'al· of Sonsela. Sandstone Bed .... 

Lower part (incomplete) : 
2. Claystone and clayey sandstone. Clay

stone, grayish red purple (5RP 4/2) 
and minor light greenish gray (5GY 
8/1) and dark reddish brown (lOR 
3/4), weathering pale red purple (5RP 

Feet Chinle Formation (incomplete) -Continued Feet 

Petrified Forest Member (incomplete) -Con. 
Lower part (incomplete)-Continued 

6/2) and light greenish gray (5G.Y 
8/1) ; swelling clays; firmly indu
rated, noncalcareous; structureless. 
Clayey sandstone, light greenish gray 
(5GY 8/1) and grayish red (lOR 
4/2), weathering same colors; fine 
to coarse grained, clayey, poorly 
sorted; composed of angular milky 
quartz, 5 to 10 percent orange and 
green minerals, and 1 to 2 percent 
dark-green mica; poorly indurated, 
clay binding; structureless. Unit 
weathers to form steep badland slopes. 
Claystone contains many limestone 
nodules. Clayey sandstone is confined 
to top 50 ft of unit and forms about 
90 percent of top 50 ft............................ 160.6 

1. Covered. Unit forms 0.6-mile-wide 
flat. Note: Unit 1 measured assum-

176.4 ing dip changes gradually from oo at 
Argo Co. drill hole to 3o at prom-
ontory ....................................................... 36.± 

Total of incomplete lower part of 
32± Petrified Forest Member ............ 196.6 

Total of incomplete Petrified Forest 
591.0 Member ............................................ 827.6 

40± 

40± 

Total of incomplete Chinle Forma-
tion .................................................. 827.6 

Base of section at Argo Co. drill hole. Section 
measured along line N. 7° E. to top of promontory 
about 0.6 miles from drill hole. 

A-10. BLACK POINT 

Measured on the south side of a mesa ('remnant of pediment 
su'rface on top) directly east of Black Point, starting about 
11;2 miles east of the Little Colorado River, continuing up 
the Chinle cliffs to the east of Black Point, and finishing 
near the head of a wash about 9 miles east of Black 
Point, long 11J011' to 111°22' W., lat 35°38' to 35°44' N., 
Coconino County 

[Measured by J. H. Stewart, H. F. Albee, 0. B. Raup, and F. G. Poole, 
November 1954] 

Top of section; not top of exposure. Top of section 
is N. 82° E. of about middle of Black Point. 

Wingate Sandstone (unmeasured): 
14. Sandstone, light brown (5YR 5/6), 

weathering same color, very fine to 
fine grained, about 15 percent medium 
to very coarse grains, fair sorted; 
composed of subrounded clear quartz. 
Medium to very coarse grains are 
rounded and composed of milky 
quartz and rare orange and gray 
minerals. Unit is poorly cemented, 
calcareous; composed of horizontal 
laminae and thin trough and planar 
sets of small- to medium-scale cross
laminae; massive splitting; weathers 
to form bare rounded knolls. Basal 
1.5 ft is light greenish gray (5GY 
8/1). Basal contact sharp and hori-
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Wingate Sandstone-Continued 
zontal. Only basal 15 ft of unit 
examined. 

Chinle Formation: 
Owl Rock Member: 

13. Siltstone and limy siltstone. Siltstone 
same as in unit 11. Limy siltstone, 
light greenish gray (5GY 8/1) and 
pale red (lOR 6/2), weathering same 
colors, firmly cemented; composed of 
thin to very thin horizontal beds and 
lenses interstratified with siltstone. 
Unit as whole weathers to form steep 
slope containing conspicuous light 
color bands developed on the limy silt
stone. A thick interval containing 
common limestone nodules occurs 4.0 
ft below the top. Totally, about 1.5 ft 
of unit is limy siltstone ....................... . 

12. Siltstone to silty claystone, pale reddish 
brown (lOR 5/4), weathering same 
color, probably composed in part of 
bentonitic clay; firmly cemented, cal
careous; structureless, rare horizontal 
stratification planes; fractures into 
angular fragments; weathers to form 
liz-mile-wide flat. Parts of unit 
poorly exposed. Thick interval con
tains abundant limestone nodules at 
118.8 ft ···················································· 

11. Siltstone and limestone. Siltstone, 
light brown (5YR 6/4), pale reddish 
brown (lOR 5/4), and uncommon 
grayish red (5R 4/2), weathering 
light brown (5YR 6/4); nonbentoni
tic;. firmly cemented, noncalcareous; 
structureless; fractures into small 
angular fragments. Limestone, pale 
red (lOR 6/2 and 5R 6/2) and light 
greenish gray (5GY 8/1), weathering 
same colors, dense and aphanitic; 
common seams and granule-sized 
masses of coarsely crystalline calcite; 
well cemented; very thin to thick 
horizontally bedded. Limestone is pres
ent as about six thin to thick beds 
interstratified with the siltstone and 
as nodules in common thick to very 
thick intervals. Totally the limestone 
beds comprise about 6 ft of the unit. 
Unit as whole weathers to form 
bench and badlands topography, with 
minor ledges and conspicuous benches 
on the top of limestone beds. Unit 
spread over about %, mile along line 
of section. Base of unit 11 in north 
branch of a prominent wash enter
ing the Little Colorado River about at 
the northern limit of the Black Point 
basalt flow. Section continues directly 
east to a conspicuous promontory 
capped by the basal part of the 
Wingate Sandstone ............................. . 

Section t?·ansfe?"red on top of unit 10 so that 
overlying units we1·e measU?·ed 6 miles 
N. 45o E. of unit 10. 

Feet Chinle Formation-Continued 
Owl Rock Member-Continued 

10. Limestone, pale red (lOR 6/2) and light 
greenish gray (5GY 8/1), weathering 
same colors, dense and aphanitic; 
well cemented; composed of thin hori
zontal beds; weathers to form vertical 
cliff and underlies extensive bench 
that extends for several miles down 
dip. Unit, along with top part of 
underlying unit, forms most conspic
uous cliff in prominent escarpment 
developed on the Chinle Formation. 
Unit contains about 25 percent pale
reddish-brown siltstone which is pre
sent as thin beds interstratified with 
the limestone. Unit rarely contains 
stringers of orange and white chert. 

31.0 The limestone beds in this unit 
appear to be more continuous than 
the limestone beds in the top part of 
the underlying unit, and form a 
light-colored cap to the vertical cliff. 
Line of section at this unit is S. 85° 
E. of central part of Black Point ..... . 

Total of Owl Rock Member ............. . 

Petrified Forest Member: 
9. Claystone to siltstone and silty lime-

148.8 stone. Claystone to siitstone, pale red 
(5R 6/2) and common greenish-gray 
(5GY 6/1) mottling, weathering 
same colors, bentonitic; firmly 
cemented, calcareous in parts; 
structureless. Silty limestone, pale 
red (lOR 6/2) and common greenish
gray (5GY 6/1) mottling, aphanitic; 
well cemented. Limestone is present 
as nodules generally about 1 in. in 
diameter and as a few irregular 
lenses in top 15 ft. Limestone nodules 
in basal 17 ft form about 70 percent 
of unit and in part form a network. 
Unit from 17 to 45.2 ft above base 
contains about 30 percent limestone 
nodules, from 45.2 to 86.4 ft about 5 
percent, and from 86.4 to 108.5 ft 
about 50 percent. To north of line of 
section the unit from 45.2 to 86.4 
ft appears to contain sandstone 
similar to that of underlying unit. 
Unit as whole tabular and weathers 
to form steep slope with a ledge in 
basal 17 ft and a vertical cliff, 
continuous with that of the overlying 
unit, from 86.4 to 108.5 ft ................... . 

8. Claystone and sandstone. Claystone, 
grayish red purple ( 5RP 4/3) and 
minor pale reddish brown (lOR 
5/4), weathering pale red (5R 6/2); 
bentonitic; firmly cemented; struc
tureless. Sandstone, light greenish 

142.8 gray (5GY 8/1), yellowish gray (5Y 
8/1), with common grayish-red (lOR 
4/2) mottling, w_eathering yellowish 
gray (5Y 8/1), very fine to coarse 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

grained; poorly sorted; composed of 
subangular milky and clear minerals 
and common orange accessory min
erals, 2 to 3 percent coarse-grained 
dark-green mica; firmly cemented, 
noncalcareous; composed of thin 
trough sets of low-angle small-scale 
cross-laminae. Along line of section 
standstone forms middle % of unit 
but away from line of section the 
standstone channels into and in places 
entirely cuts out the underlying clay
stone unit. Unit as whole weathers 
to form steep slope and badland 
topography. Thin resistant bed of 
sandstone from 36.1 to 36.9 ft forms 
small ledge --------------------------------------------

7. Silty claystone and silty limestone. 
Silty claystone, grayish red purple 
(5RP 4/2), weathering pale red 
purple (5RP 6/2); bentonitic; firmly 
cemented, non calcareous; structure
less. Silty limestone, light greenish 
gray (5GY 8/1) and pale red (5R 
6/2), weathering same colors; 
aphanitic; contains rare rounded 
granule-sized masses of limestone; 
well cemented. Silty limestone is 
present as irregular nodules as large 
as 9 in. in diameter and as thin lenses 
extending for at least 50 ft along 
the outcrop. Silty limestone consti
tutes about 50 percent of the unit. 
Unit is tabular and weathers to form 
second most prominent ledge in the 
Chinle ------------------------------------------------------

6. Clayey sandstone and siltstone to 
claystone. Clayey sandstone, light 
greenish gray (5GY 8/1) with light
brownish-gray (5YR 6/1) mottling, 
minor pale reddish brown (lOR 5/4), 
weathers 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 horizon
tally laminated sets ·and some thin 
trough sets of low-angle small-scale 
cross-laminae. Siltstone to claystone, 
pale reddish brown (lOR 5/4), pale 
red (lOR 6/2) and pale red purple 
(5RP 6/2), weathers dominantly pale 
reddish brown; bentonitic; firmly 
cemented; structureless. Unit as 
whole weathers to form steep slopes 
and badland. Base of unit is near 
or at base of cliffs. Unit differentiated 
from units below by presence of con
spicuous pale-reddish-brown color 
bands. Base of unit arbitrarily placed 
at base of lowest pale-reddish-brown 
color band. Unit contains common 
limestone nodules. A crude estimate 

Feet Chinle Formation-Continued Feet 

Petrified Forest Member-Continued 
suggests that totally about 60 ft 
of unit is claystone................................ 183.1 

5. Clayey sandstone, siltstone, and clay
stone, same as underlying unit ex
cept is about 50 percent red and, to 
a lesser extent, purple and 50 percent 
gray. In addition, the unit contains 
many thin to very thick intervals con
taining common to abundant lime
stone nodules. These nodules are pale 
red (lOR 6/2) and light greenish gray 
(5GY 8/1) and average from % to 
1 in. in diameter. A very crude 
estimate suggests that about 100 ft 
of unit is claystone and siltstone. 
Units 4 and 5 are completely exposed 

96.0 and form a broad flat about 3% miles 
across. The thickness of units 4 and 5 
was calculated from a planetable 
traverse. The thickness, however, of 
these units could be in error possibly 
as much as 100 ft................................ 116.0 

4. Clayey sandstone, siltstone, and clay
stone, greenish gray (5GY 6/1), light 
greenish gray (5GY 8/1), light gray 
(N 7) to medium light gray (N 6), 
common grayish red (lOR 4/2 and 5R 
4/2), rare grayish red purple (5RP 
4/2) and pale red (5R 6/2), weather
ing dominantly yellowish gray (5Y 
8/1) and light greenish gray (5GY 
8/1) with minor purples and red, 
colors banded. Clayey sandstone, very 
fine to medium grained, poorly sorted; 
composed of subangular milky grains 

14.5 and about 10 percent orange and 
green grains, about 5 percent dark
green medium- to coarse-grained 
mica; poorly cemented, clay binding. 
Stratification appears to be expressed 
in color bands; color bands are domi
nantly horizontal, with changes in 
color a few inches to as much as 20 ft 
apart. Probably 10 to 20 percent of 
the clayey sandstone has inclined 
color bands, suggesting trough sets 
of low-angle large-scale cross-beds. 
These sets are generally 5 to 10 ft 
thick. Siltstone and claystone, all 
gradations from claystone to sandy 
siltstone; firmly cemented, structure
less or in horizontal beds from 5 to 
20 ft thick. Clays in unit are bentoni
tic. Unit as whole weathers to form 
light colored badlands. Many silicified 
tree logs from 92 to 102 ft below top 
of unit. Logs are as large as 4.2 ft in 
diameter and 85 ft long. A crude 
estimate suggests that a total of 70 
ft of the unit is claystone and silt
stone. Commonly the clayey sand-
stone contains clay galls...................... 400.0 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

Total of Petrified Forest Member .. 

Sandstone and mudstone member: 
3. Sandstone, grayish red (lOR 4/2) and 

yellowish gray (5Y 8/1), colors 
streaked and mottled, weathering 
same colors, fine grained, rare me
dium to coarse grains, abundant 
interstitial white materil:\1, fair 
sorted; composed of subangular milky 
grains, rare orange and gray acces
sory minerals, rare medium-grained 
accessory dark mica; firmly ce
mented, slightly calcareous; composed 
of thin planar sets of small- to me
dium-scale cross-laminae; weathers 
to form ledge and underlies bench. 
Top 5 to 10ft of unit is well cemented 
with a calcareous cement and appears 
to form an irregular contact with 
overlying unit. Lateral relations of 
unit are complex and poorly exposed. 
Along line of section, a 10-ft-thick 
set of grayish-red (5R 4/2) siltstone 
is present in basal half of unit. To 
the south, the sandstone above the silt
stone appears to pinch out in a few 
hundred feet, and the siltstone merges 
with the overlying unit. To the north 
the siltstone pinches out and the unit 
is entirely a massive sandstone. To 
the north the unit appears to fill a 
broad channel that cuts out the 
underlying unit. Probably the mea
sured thickness of the unit is exces-
sive for the local area ....................... . 

Total of Sandstone and mudstone .. 

Shinarump Member: 
2. Conglomerate to pebbly sandstone (80 

percent), sandstone (10 percent), 
and siltstone (10 percent). Conglom
erate, grayish red (5R 4/2), pale red 
(lOR 6/2), very pale orange (lOYR 
8/2), and pale yellowish orange 
(lOYR 8/6), weathering very pale 
orange (lOYR 8/6) and pale yellow
ish orange (lOYR 8/6) ; matrix, fine 
to very coarse grained, poorly sorted, 
composed of subangular clear quartz; 
granules to pebbles of rounded quartz, 
quartzite, and minor chert averaging 
from liz to 1 in. in diameter but as 
large as 2 in. in diameter; poorly 
cemented, noncalcareous; composed of 
thin to thick trough sets of medium
scale cross-laminae; sets commonly 
poorly defined, some structureless 
parts. Sandstone same as matrix of 
conglomerate to pebbly sandstone, 
except that some parts are fair 
sorted and · fine grained. Siltstone, 
pale red (5R 6/2) and light gray (N 

Feet 

918.1 

40.6 

40.6 

Chinle Formation-Continued 
Shinarump Member-Continued 

7), weathering same colors; well 
cemented, noncalcareous; forms ir
regular lenses. Unit as whole is len
ticular, weathers to form a ledge, 
and underlies prominent bench ......... . 

Total of Shinraump Member ....... . 

Total of Chinle Formation ........... . 

Contact of Chinle and Moenkopi Formations sharp 
and has minor irregularities as much as 1 ft in 
depth. To the north of the section the contact 
appears to form a channel cutting at least 3 ft 
into the Moenkopi. 

Moenkopi Formation (unmeasured) : 
1. Siltstone, pale reddish brown (lOR 

5/4) and grayish red (lOR 4/2), 
weathering same colors; common 
very fine grained accessory white 
mica; well cemented, noncalcareous; 
composed of very thin to thick hori
zontal beds and of horizontal and 
minor ripple laminae; weathers to 
form steep rubble-covered slope. 
About 30 ft of the unit is exposed 
along the line of section. Unit con
tains some grayish and purplish color 
bands. Top 5 ft is massive. 

Base of section; base of exposure. Base of section 
is N. 77° E. of house at base of monocline· on the 
west side of the Little Colorado River. Base of 
section at head of amphitheater formed by Shi
narump Member of Chinle Formation. Section 
starts about 3% miles N. 45o E. of central part of 
Black Point and about 1% miles east of the Little 
Colorado River. 

A-13. OWL ROCK SECTION 

Feet 

30.3 

30.3 

1,317.2 

Units 1.,-6 measured in and nea'r wash about 2.5 miles N. 
20° W. of Owl Rock and about 1,200 ft east of Mexican 
Hat-Kayenta road, long 110°16' W., lat 36°51'20" N.; units 
7-33 measu1·ed starting at Mexican Hat-Kayenta road at 
place about 1~ miles N. 4° W. of Owl Rock and continuing 
southwestwa1·d, with 'minor offsets, to cliffs developed on 
Wingate sandstone about 1 mile N. 53° W. of Owl Rock, 
long 110° 15'30" W., lat 36°50' N., Navajo County 

[Measured by L. C. Craig, T. E. Mullens, and W. E. Benson in May 1951, 
and J. H. Stewart in May 1957] 

Top of section; top of accessible exposure. Top of 
section is N. 83° W. of Agathla Peak and N. 53o 
W. of Owl Rock. Top of section is 200 ft north of 
prominent arch in Wingate Sandstone. 

Wingate Sandstone (unmeasured) : 
33. Sandstone, light brown (5YR 6/4) and 

very pale orange (lOYR 8/2), 
weathering same colors, very fine 
grained, well sorted; composed of 
subround red-stained quartz and 1 
percent black grains; 1 to 5 percent 
of rock is disseminated medium to 
coarse grains of clear quartz and 
minor white chert (?) ; poorly ce
mented, calcareous; basal, 10 ft is 
tabular-planar set of very low angle 
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Wingate Sandstone-Continued Feet 

cross -laminae; wedge- planar sets 
common above the basal planar set.; 
weathers to form vertical cliff. Only 
basal 5 ft examined. Basal contact 
flat and sharp ................................ Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite ( ?) Bed: 
32. Sandstone, pale red (5R 6/2) in lower 

third and pale reddish brown (lOR 
5/4) in upper two-thirds, weathering 
same colors, very fine to fine grained, 
fair sorted; composed of subangular 
clear and milky quart~ and 5 per
cent dark-gray and orange minerals; 
poorly to firmly cemented, calcareous; 
horizontally thinly laminated to 
laminated, minor thin trough sets of 
small- to medium-scale low-angle to 
very low angle cross-strata; weathers 
to form vertical cliff. Basal 10 to 20 
ft of unit contains abundant flakes 
of red siltstone ...................................... 60.3 

Total of Hite ( ?) bed ........................ 60.3 

31. Siltstone, same as unit 29, except con
tains a thick coarse siltstone set with 
some horizontal laminae in middle of 
unit and about 12 ft of this type 
siltstone at top of unit. This coarse 
siltstone may grade to very fine 
grained sandstone. Unit weathers to 
form slope with ledge in coarse silt-
stone in middle and top of unit ........ 60.5 

30. Siltstone~ pale reddish brown (lOR 5/4), 
weathering same color, coarse silt, 
may grade locally to very fine grained 
sandstone; firmly to well cemented, 
slightly calcareous; horizontally. 
laminated, faint suggestion of very 
low angle cross-laminae in places; 
weathers to form most prominent 
ledge in Church Rock Member............ 17.4 

29. Siltstone, grayish red (lOR 4/2) to pale 
reddish brown (lOR 5/4), weathering 
pale reddish brown (lOR 5/4), fine 
silt, some coarse silt; firmly cemented, 
calcareous; structureless, faint hori-
zontal stratification planes can be seen 
from distance; weathers to form slope 

Total of Church Rock Member ....... . 

Owl Rock Member: 
28. Siltstone, grayish red (lOR 4/2) and 

pale reddish brown (lOR 5/4), weath
ering pale red (5R 6/2), firmly to 
well cemented, calcareous; structure
less; weathers to form slope. Unit 
forms light-color interval at base of 
slope developed on Church Rock 
Member. A pale-red (5R 6/2) lime
stone lens is locally present at top 
of unit. Unit appears transitional 
between Owl Rock. and Church Rock 

82.3 

220.5 

Chinle Formation-Continued 
Owl Rock Member-Continued 

Members. Placed in Owl Rock Mem
ber because of light weathering color 
and because of limestone lens at 
top ........................................................... . 

Offset on top of limestone bed, 8.0 ft below 
top of unit 27, so that overlying units 
measured 1,000 ft west of unde'rlying 
units. Unit 28 measured at head of most 
prominent reentrant in cliff formed by 
Owl Rock Me1nber. Units 28 to 93 mea
sured westward from reentrant. 

27. Siltstone and limestone. Siltstone, same 
as unit 21 except contains rare gray
ish-red ( 5R 4/2) parts. Siltstone from 
72.4 to 76.9 ft and from 104.3 to 105.9 
ft above base of unit is horizontally 
laminated to thin bedded and weath
ers to form a ledge. Rest of siltstone 
is structureless and weathers to form 
slopes. Limestone, greenish gray (5GY 
6/1), light greenish gray (5GY 8/1), 
and pale red (lOR 6/2), weathering 
same colors; grades to limy siltstone, 
dense; well cemented; horizontally 
thin to thick bedded; weathers to 
form ledge. Extensive bench is de
veloped in top 8 ft of unit. Some 
beds contain white or orange chert 
nodules as large as 1 in. in diameter. 
From its base upward, the unit com
prises: Siltstone, 0.0 to 10.1 ft; 
silty limestone, 10.1 to 11.8 ft; silt
stone, 11.8 to 26.3 ft; silty limestone, 
26.3 to 29.6 ft; siltstone, 29.6 to 
32.7 ft; limestone with some chert, 
32.7 to 37.6 ft; siltstone, 37.6 to 
84.3 ft; limestone with some chert, 
84.3 to 86.7 ft; siltstone, 86.7 to 95.0 
ft; silty limestone, 95.0 to 97.6 ft; 
limestone with some chert, 97.6 to 
102.1 ft; siltstone, 102.1 to 108.5 ft; 
and limestone from 108.5 to 110.1 ft .. 

26. Sandstone to sandy siltstone, pale-red 
(lOR 6/2), light-greenish-gray (5GY 
8/1) mottling, weathering same 
colors; sand fraction is very fine 
grained, fair to well sorted; firmly to 
well cemented, calcareous; horizon
tally laminated; laminae are slightly 
wavy and probably lenticular, sug
gesting current action; some thin to 
very thin trough sets of low-angle 
small-scale cross-laminae; weathers 
to form ledge. Thickness highly vari
able along exposure. Contains rare 
(5 percent disseminated medium to 
coarse rounded limestone grains ....... . 

Offset at top of unit 25, so that overlying 
units measured about 500 ft northwest of 
underlying units. 

25 .. Siltstone, same as unit 21; weathers 
to form slope ....................................... . 

24. Limestone and siltstone. Limestone, 

Feet 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

light greenish gray (5GY 8/1), rare 
pale red (lOR 6/2), weathering same 
colors, dense, well indurated; hori
zontally thin bedded to laminated. 
Contain rare chert nodules. Rare 
limestone grains and pebbles suggest
ing some reworking .of deposit by cur
rents. Siltstone, same as in unit 21. 
All gradations from limestone to silt
stone. From its base upward, the 
unit comprises: limy siltstone, 0.0 
to 1.0 ft; siltstone, 1.0 to 2.2 ft; lime
stone, 2.2 to 8.5 ft; siltstone, 8.5 to 
9.7 ft; and limestone, 9.7 to 12.7 ft. 
Unit weathers to form ledge ........... . 

23. Siltstone, same as unit 21; weathers to 
forn1 slope ........................................... . 

22. Siltstone (60 percent) and silt
stone pebble conglomerate ( 40 per
cent). Siltstone, pale red (lOR 6/2), 
weathering same color; firmly to well 
cemented, highly calcareous; horizon
tally laminated to thin bedded, and 
thin trough sets of very low angle 
medium- to small-scale cross-laminae. 
Siltstone pebble conglomerate, pale 
red (lOR 6/2) and pale reddish brown 
(lOR 5/4), weathering same colors; 
composed of rounded coarse grains to 
cobbles of reddish-brown and minor 
greenish-gray siltstone in a silt 
matrix; well cemented, highly cal
careous; present as thin structure
less lenses and as thin trough sets of 
low-angle small-scale cross-laminae. 
All gradations from siltstone to silt
stone pebble conglomerate. Conglom
erate mostly in lower half of unit. 
Unit weathers to form ledge ............. . 

21. Siltstone, grayish red (lOR 4/2) to pale 
reddish brown (lOR 5/4), weathering 
same colors, does not contain swell
ing clays; firmly cemented, non
calcareous; structureless; weathers 
to form steep slope ............................. . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
20. Siltstone to sandy siltstone, grayish red 

(lOR 4/2) to pale reddish brown (lOR 
5/4), weathering pale reddish brown 
(lOR 5/4), sandy (very fine grained) 
in places; contains swelling clays in 
places; firmly cemented, slightly cal
careous; weathers to form frothy
surfaced slope. Highest unit in Chinle 
containing definite swelling clays. 
Unit appears to grade upward into 
overlying unit ..................................... . 

19. Sandstone, pale red (lOR 6/2) and 
light greenish gray (5GY 8/1), 
weathing same colors, fine to medium 
gra!ned, fair sorted; composed of 

Feet 

12.7 

52.8 

7.6 

59.7 

296.6 

19.3 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

subangular to angular clear and 
milky quartz, rare orange and gray 
accessory grains, rare accessory dark
green mica; poorly indurated, slightly 
calcareous; stratification poorly ex
posed, suggestion of low-angle cross
strata, some sandstone cosets of thin 
trough sets of low-angle small-scale 
cross-strata; weathers to forn1 steep 
slope. About 5 percent of unit is 
limestone pebble conglon1erate the 
same as that in underlying unit. 
Limestone pebble conglomerate is pres-
ent as thin lenses throughout unit ..... . 

18. Sandstone to lin1estone pebble conglonl
erate, pale red (5R 6/2), and light
greenish-gray (5GY 8/1) n1ottling. 
Sandstone, fine grained, fair sorted; 
con1posed of subangular to angular 
clear and milky quartz and 5 percent 
gray and minor orange grains. Lime
stone pebble conglomerate, composed 
of rounded mediun1 grains to small 
pebbles of limestone in a sand matrix 
the same as the sand in the sand
stone. All gradations from sandstone 
to limestone · pebble conglomerate. 
Sandstone to limestone pebble con
glomerate is firmly cen1ented, calcare
ous; composed of very low angle 
medium-scale cross-strata, some 
trough sets of small-scale low-angle 
cross-strata, some horizontally lami
nated to very thin bedded parts; 
weathers to form small ledge ........... . 

17. Silty claystone to very fine grained 
sandstone, pale red (lOR 6/2) to 
grayish red (lOR 4/2), weathering 
same colors; swelling clays; firmly 
cemented, clay binding; structure
less; weathers to forn1 frothy-sur-
faced slope ............................................. . 

16. Sandstone, pale red (5R 6/2), weather
ing same color, medium grained, fair 
sorted; composed of subangular to 
angular clear and milky quartz, and 
rare ( <5 percent) orange, green, and 
gray minerals; poorly cemented, 
slightly calcareous; horizontally 
laminated, rare thin trough sets of 
small-scale very low angle cross-lanli
nae; weathers to form a steep slope 
or a ledge ............................................... . 

15. Claystone to siltstone, grayish red (lOR 
4/2) to pale reddish brown (lOR 
5/4), weathering same colors, sandy 
(very fine grained) in places, swell
ing clays; firmly. to well cen1ented, 
structureless; weathers to form 
frothy-surfaced slope ........................... . 

14. Siltstone, pale red (5R 6/2) to pale red 
purple ( 5RP 6/2), weathering same 
colors; siltstone contains rare (2 per
cent) rounded limestone grains from 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

1 to 2 mm in diameter; firmly to well 
cemented, calcareous; structureless, 
a few horizontal stratification planes; 
weathers to form steep slope and 
vertical cliff in top 30 ft. Contains 
very limy intervals from 66 to 69 ft 
and 86 to 91 ft above base of unit. 
These limy intervals contain irregular 
nodules as large as 6 in. in diameter 
of limy siltstone to limestone. The 
limy nodules have the same color as 
the surrounding siltstone and are more 
limy parts of that siltstone. The limy 
intervals form ledges along the out
crop that can be traced throughout 
the mile-wide area of good outcrops 
near Owl Rock. Unit forms distinc
tive purplish unit ----------------------------------

13. Silty claystone and clayey siltstone 
(70 percent), and sandstone (30 
percent). Silty claystone and clayey 
siltstone, pale red ( 5R 6/2) and gray
ish red (5R 4/2), weathering same 
colors, swelling clays, contain dis
seminated very fine to medium grains 
in places; structureless, possibly some 
low-angle cross-strata. Sandstone, pale 
red (5R 6/2) and light greenish gray 
(5GY 8/1), weathering same colors, 
very fine to medium grained, -clayey 
in parts, fair to poorly sorted; com
posed of a subangular to angular 
milky grains and 20 to 30 percent 
orange, green, and gray grains; low
angle medium- to small-scale cross
strata, some horizontally laminated 
parts, stratification concealed in some 
places. Unit weathers to form steep 
slope. Sandstone present in basal 20 
ft, as thick set in middle of unit, and 
as thin sets in some other parts of 
unit. Basal 20 ft of unit contains thin 
to thick lenses of limestone pebble 
conglomerate. Some cross-strata in 
this conglomerate --------------------------------

12. Clayey siltstone to silty claystone, pale 
reddish brown (lOR 5/4), weathering 
same color, swelling clays; firmly to 
well indurated; weathers to form 
slope. Un'it forms prominent pink 
band along outcrop ------------------------------

11. Sandstone in basal 10 ft grading 
through siltstone to silty claystone in 
top 5 ft, grayish red ( 5R 4/2), 
weathering same color; sandstone is 
fine to very fine grained, fair sorted; 
composed of subangular to angular 
grains, composition masked; clay in 
unit is swelling type; unit is firmly 
indurated, clay binding; stratification 
concealed; weathers to form slope ___ _ 

10. Sandstone, clayey in parts, light green
ish gray ( 5GY 8/1), rare pale-red 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

(lOR 6/2) mottling, weathering same 
color, fine to coarse grained, poorly 
sorted; composed of angular to sub
angular milky grains and 20 percent 
orange grains, 20 percent dark-gray 
grains, and 5 percent green grains, 
rare accessory dark mica; poorly in
durated, clay binding; stratification 
not distinct, probably low-angle cross
strata in places; weathers to form 
steep slope. Locally contains lenses 
of greenish-gray or grayish-red clayey 
siltstone. Some carbonaceous material 
is present as flakes in siltstone and 
as poorly developed logs in sandstone 

9. Silty claystone, grayish red purple 
(5RP 4/2) grading upward to grayish 

92.8 red (5R 4/2) in top 8 ft, weathering 
same color, swelling clays; firmly 
cemented, slightly calcareous; strati
fication concealed, probably structure
less; weathers to form frothy-sur
faced slope. Forms purplish color 
band----·--·--------·-----------------------------------------

8. Sandstone to clayey sandstone, pale 
olive (lOY 6/2) and light olive gray 
(5Y 5/2), and minor light-gray (N 
7), common pale-red (5R 6/2) mot
tling in top 10 ft, weathering same 
colors, very fine to fine grained, 
clayey, fair to poorly sorted; com
posed of subangular to subround 
milky quartz and 5 percent orange 
and green accessory minerals; poorly 
cemented,. slightly calcareous clay 
binding; stratification concealed; 
weathers to form wide flat and basal 
part of slope developed on Chinle 
Formation. This unit is lithologically 
similar to units included in the 
Monitor Butte Member in other areas. 
It is typical of Monitor Butte except 
that it does not include ledge-forming 
sandstone sets like those in the under-

112.2 lying unit. Unit measured across wide 
flat in area where dips could not be 
accurately determined. Thickness of 
unit may be in error by as much as 
10 to 20 percent -----------··---------------------

29.0 
Total of Petrified Forest Member __ 

Monitor Butte Member: 
7. Silty claystone to clayey siltstone (90 

percent) and sandstone (10 percent). 
Silty claystone to clayey siltstone, 
light greenish gray (5GY 8/1) to 
greenish gray (5GY 6/1), weathering 
same colors and pale olive (lOY 6/2) ; 
swelling clays; firmly cemented, non
calcareous to slightly calcareous; 

27.6 stratification concealed, probably 
structureless. Sandstone, grayish 
orange (lOYR 7/4) to dark yellowish 
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Chinle Formation-Continued 
Monitor Butte Member-Continued 

brown (lOYR 4/2), brownish gray 
(5YR 4/1), and minor pale olive 
(lOY 6/2), weathering brownish gray 
(5YR 4/1) and dark yellowish brown 
(lOYR 4/2), very fine to fine grained, 
fair to well sorted; composed of sub
round to round clear quartz, common 
interstitial limonite; well cemented, 
probably siliceous cement, rock is 
mostly quartzitic; horizontally lami
nated and ripple laminated, cuspate 
ripples. Sandstone is present as very 
thin to thicl< sets interstratified with 
the rest of the unit. Sets of sandstone 
are highly contorted. Individual sets 
have fairly constant strike, but dif
ferent sets vary greatly in strike, and 
dips vary from oo to as much as 60°. 
Unit as whole weathers to form wide 
flat. Sandstone sets weather to form 
rocky knolls. Unit measured in area 
where dips cannot be accurately de
termined. Thickness of unit may be 
in error as much as 10 to 20 percent __ 

Long offset in section, so that overlying 
units measured about 1.5 1n1~les S. 1,.5° E. 
of u·1ule?·lying units. 

6. Sandstone, clayey in parts, grayish red 
( 5R 4/2) and minor yellowish gray 
(5Y 8/1), weathering same colors, 
fine to coarse grained, fair to poorly 
sorted; composed of subangular clear 
and milky quartz, 5 percent orange 
and green accessory minerals, and 
abundant dark-green accessory mica; 
firmly cemented, calcareous; horizon
tally laminated to very thin bedded, 
minor thin trough sets of small-scale 
cross-laminae; weathers to form 
ledge. Top of unit underlies extensive 
benches to northwest of Mexican 
Hat-Kayenta road. Top 10 ft of unit 
is altered in color to yellowish gray 
(5Y 8/1), pale purple (5P 6/2), 
and grayish yellow (5Y 8/4). These 
colors are mottled; mottling decreases 
in amount downward. The altered 
colors in places extend down into the 
grayish-red part of the unit as 
irregular vertical stringers. This al
teration is similar to the "purple
white" alteration (mottled strata) in 
southeastern Utah. The unit as a 
whole resembles the sandstone and 
mudstone member of the Chinle 
Formation along Echo Cliffs in 
Arizona _________________________________________________ ---

5. Claystone, greenish gray (5GY 6/1) 
and medium gray (N 5), weathering 
same colors, silty in parts, swelling 
clays in parts; poorly to firmly 
cemented, noncalcareous; stratifica
tion concealed; papery splitting in 

Feet Chinle Formation-Continued Feet 

Monitor Butte Member-Continued 
places; weathers to form gentle 
rubble-covered slope. Basal half poorly 
exposed or covered -------------------------------- 15.0 

Total of Monitor Butte Member______ 110.9 

Shinarump Member: 
4. Sa_ndstone, partly conglomeratic, very 

pale orange (lOYR 8/2), pale-yellow
ish-orange (lOYR 8/6), and grayish
yellow (5Y 8/4); medium grained 
and coarser; composed of clear 
subangular quartz with common black 
accessory minerals, lenticular bedded 
stratum with asymmetrical concave 
large- to medium-scale cross-laminae. 
Conglomeratic parts consist of pebbles 
of gray and tan chert, gray and 
pink quartzite, and clear to white 
quartz concentrated in lenses in 
lower 15±ft of unit; unit shows 
prominent medium-scale festoon 
laminations in upper part. Many 
scour surfaces in unit; scours are 

70.0 as deep as 10 to 20 ft in lower 
part of unit, and are less than 5 ft 
in upper part of unit. Numerous 
irregular greenish clay pebbles com
mon at base of unit. Top of Shi
narump intertongues with Monitor 
Butte Member. Top of Shinarump 
drops lower and lower in section to the 
north (probably 50 ft drop). Cement 
moderately calcareous -------------------------- 106.3 

Total of Shinarump Member__________ 106.3 

Total of Chinle Formation______________ 1,396.7 

Moenkopi Formation (incomplete): 
3. Claystone, silty, micaceous, grayish-red 

(lOR 4/2) ; shaly to earthy weath
ering; 6 in. of light-greenish-gray 
( 5G 6/1) claystone at top -------------------- 21.6 

2. Sandstone with minor claystone and 
siltstone partings. Sandstone, pale 
red (lOR 6/2), weathering grayish 
red ( 5R 4/2), interbedded with very 
pale orange (lOYR 8/2), weathering 
grayish orange (lOYR 7/4); red is 
very fine to fine grained, orange 
fine to medium grained; composed of 
clear subangular quartz with rare 
gray and pink accessory minerals; 
red part of sandstone is micaceous. 
Siltstone and claystone, grayish red 
( 5R 4/2) , highly calcareous; form 
thin parallel laminae and beds up to 
6 in. thick. Red sandstone shows 

25.9 parallel bedding and parallel laminae 
to ripple laminae; orange sandstone 
shows wedging medium-scale cross
laminae; scour surface at base of 
light-colored sandstone cut as much 
as 1 ft in underlying beds. Basal 
contact sharp, slightly irregular; 
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Moenkopi Formation (incomplete)-Continued Feet 

parallel bedding truncating cross-
laminations of underlying unit____________ 20.0 

1. Sandstone, grayish-orange (lOYR 7/4) 
to dark-yellowish-orange (lOYR 6/6) 
and moderate-yellowish-brown (lOYR 
5/2) ; composed of clear subangular 
to rounded quartz, common white and 
.rare gray, black, light-green, and 
pink accessory minerals; large-scale 
cross-laminations. Forms massive out
crop in bottom of wash. Thickness 
estimated ------------------------------------------------ 6.0± 

Total of incomplete Moenkopi 
Formation -------------------------------------- 47.6± 

Base of section; base of exposure. 

COLORADO 
C-1. PIEDRA RIVER 

Measured on west side of Piedra River Canyon directly west 
of Tres Piedra Ranch, east edge of sec. 31, T. 35 N., R. 4 
W., NMPM, Archuleta County 

[Measured by J. H. Stewart, W. Thordarson, and R. F. Wilson, August 26, 
1955] 

Top of section; not top of exposure. Top of section Feet 
S. 89o W. of lodge of Tres Piedra Ranch. 

Entrada Sandstone: 
14. Sandstone, very pale orange (lOYR 

8/2), weathers grayish orange (lOYR 
7 I 4), fine grained with 10 to 15 per
cent medium to coarse grains, fair 
sorted; composed of clear, milky and 
yellowish-stained quartz and minor 
dark accessory minerals, medium to 
coarse grains are composed of sub
rounded to rounded frosted quartz; 
well cemented, calcareous; horizon
tally laminated in some places near 
base, in part composed of thin to 
thick trough and planar sets of high
and low-angle cross-laminae; weath
ers to form prominent white vertical 
cliff which is in places at least 200 
ft thick. Only basal 20 ft of unit 
examined. Contact with underlying 
Dolores Formation is sharp and 
marked by scours cut into top of 
underlying unit as much as 2.5 ft in a 
horizontal distance of 30 ft. Contact 
marks change from reddish to gray
ish siltstone and silty sandstone of 
the underlying Dolores Formation to 
the very pale orange fine-grained 
sandstone with coarser grains of the 
Entrada Formation ________________________ Unmeasured 

Dolores Formation (upper member and perhaps 
part of middle member missing owing to 
pre-Entrada erosion) : 

Middle member: 
13. Siltstone (70 percent) and silty sand

stone (30 percent). Siltstone, grayish 
red (lOR 4/2), weathers same color; 
firmly cemented, slightly calcareous, 
clay binding; common accessory white 
mica; very thinly horizontally lami
nated to very thin bedded. Silty sand-

Dolores Formation-Continued 
Middle member-Continued 

stone, olive gray (5Y 4/1), weathers 
to light olive gray (5Y 6/1), very fine 
grained, silty, fair sorted; composed 
of subangular grains of clear and 
yellowish-stained quartz, minor acces
sory dark minerals and white mica; 
well cemented, calcareous; horizon
tally laminated to very thin bedded; 
contains rare clay pellets. Silty sand
stone occurs interstratified in thin 
beds from 1 to 6 in. thick with silt
stone. Unit as whole weathers to from 
steep rubble-covered slope ------------------

12. Sandstone (80 percent), limestone-grain 
sandstone (10 percent), siltstone (10 
percent). Sandstone, light brownish 
gray (5YR 6/1) and yellowish gray 
(5Y 8/1), weathering light brownish 
gray (5YR 6/1), very fine grained, 
fair sorted; composed of subangular 
clear and milky quartz and abundant 
black accessory mineral, common to 
abundant coarse light and dark mica; 
firmly to well cemented, slightly cal
careous in parts; composed of thin 
trough and minor planar sets of 
small-scale low-angle cross-laminae, 
rare horizontally laminated to thinly 
bedded parts and rare ripple-laminated 
parts. Limestone-grain sandstone, 
greenish gray (5GY 6/1), weather
ing same color; composed of rounded 
coarse grains to granules of gray 
limestone and minor rounded granules 
to cobbles as large as 6 in. in diam
eter of yellowish-gray siltstone in 
a greenish limy silt matrix; well 
cemented; present as thin to thick 
structureless lenses interstratified 
with sandstone in lower 6 ft of unit. 
Siltstone, greenish gray (5GY 6/1) 
and brownish gray (5YR 4/1), 
weathering same colors; rare fine
grained accessory white mica; poorly 
cemented, clay binding; structureless. 
Siltstone is present as 10-ft-thick 
bed in middle of unit along line of 
section, but away from line of sec
tion interfingers irregularly with sand
stone. Unit as whole weathers to 
form vertical cliff which is most 
prominent one in Dolores Formation. 
The sandstone contains rare clay 
pebbles and carbonaceous materiaL __ 

11. Siltstone and limestone pebble conglom
erate. Siltstone, grayish red (lOR 
4/2), thin layers at top, of unit and 
above higher limestone pebble con
glomerate contain light-greenish-gray 
(5GY 8/1) mottling, fine silt, rare 
accessory white mica; firmly ce
mented, calcareous; thin sets of hori
zontal laminae commonly present in 
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Dolores Formation-Continued 
Middle member-Continued 

unit, rest of unit is structureless; 
weathers to a steep slope covered with 
a veneer of angular siltstone frag
ments. Limestone pebble conglom
erate, greenish gray (5GY 6/1), 
weathering same color and moderate 
brown (5YR 4/4); composed of round
ed coarse sand grains to pebbles of 
gray limestone and rare orange-brown 
siltstone in a green limy silt matrix; 
largest pebble is 1% in.; poorly 
sorted; well cemented. Limestone 
pebble conglomerate is present as thin 
bed at base of unit and at 16 ft 
above the base of unit. Limestone 
pebble conglomerate weathers to form 
small ledges --------------- .. ·--------------------------

10. Siltstone, dark reddish brown (lOR 
3/4) to pale reddish brown (lOR 5/4), 
rare light-greenish-gray mottling, 
weathers same colors, very fine 
to fine silt; abundant white and dark 
mica; firmly cemented, calcareous and 
some clay binding in upper half; 
lower half predominantly horizon
tally thinly laminated, upper half 
structureless; fractures into angular 
fragments; weathers to a steep slope. 
Top foot of unit contains grayish red 
(5R 4/2) limestone nodules. Lateral 
to line of section a southward dipping 
slump structure occurs. Strata in 
basal foot of slump structure contain 
parallel laminated siltstone with 
abundant ripple ( ?) marks. Ripple ( ?) 
marks have a wavelength of % to 
1~n in. and an amplitude of less than 
1 mm. Strata in basal foot of the 
slump structure are overlain by 
reddish-brown siltstone near line of 
section, but laterally this reddish
brown siltstone grades into a grayish-
red siltstone ........................................ .. 

9. Sandy siltstone and minor silty sand
stone, grayish red (lOR 4/2), light 
greenish gray (5GY 8/1) in top 
foot, weathers same colors, mostly 
very fine grained sandy siltstone, 
minor amounts of silty very fine 
grained sandstone; abundant white 
and dark accessory mica; firmly to well 
cemented, calcareous; mostly horizon
tally laminated with traces of ripple 
laminations, minor trough sets of 
medium-scale low-angle cross-laminae 
to very thin crossbeds scattered 
through unit; shaly to flaggy split
ting; weathers to form ledge and a 
small cliff. Top foot may be grada
tional with overlying unit. Unit forms 
lowest prominent exposure in Dolores 
Formation ............................................ .. 

Feet 

37.5 

30.0 

16.6 

Dolores Formation-Continued 
Middle member-Continued 

Total of middle member 

Lower member: 
8. Covered. Lateral to line of section 

poor exposures indicate that the unit 

Feet 

129.4 

is the same as underlying unit............ 9.5 
7. Sandstone, light greenish gray (5GY 

8/1), weathers same color, fine 
grained, well sorted; composed of 
subangular clear quartz and common 
accessory white mica; well cemented, 
calcareous; horizontally laminated to 
very thin bedded, minor thin trough 
sets of small-scale low-angle cross
laminae; weathers to form minor 
ledge. This unit is probably the same 
as the lower member of the Dolores 
Formation at Durango and Stoner. 
Locally within the Piedra River 
Canyon this unit forms a prominent 
20- to 30-ft-thick ledge ........................ 5.3 

6. Covered. Weathers to form gentle slope. 
Probably most of this covered unit 
belongs in the Dolores Formation. 
In most places where the basal ledge 
of the Dolores Formation is exposed 
locally, it is from 20 to 30 ft thick. 
Along line at section only the top 
5.3 ft (unit 7) is exposed .................. 24.4 

Total of lower member ................ 39.2± 

Total of Dolores Formation.............. 168.6± 

Cutler Formation (incomplete) : 
5. Quartzitic sandy siltstone to quartzitic 

silty sandstone, grayish red (lOR 
4/2), grayish purple (5P 4/2), and 
yellowish gray (5Y 8/1), colors 
mottled, weathering same colors, 
grades from siltstone containing 20 
percent fine to coarse sand grains to 
a coarse-grained sandstone contain
ing about 20 percent silt, fair to poorly 
sorted; sand grains are angular to 
subangular and composed of clear 
quartz, 10 percent orange chert, and 
rare black mineral; well cemented, 
probably siliceous; mostly structure
less but contains some thin horizontal 
beds; weathers to form steep slope. 
Unit contains a few granules and 
pebbles of quartz and orange chert. 
Top 3 ft of unit is grayish red purple 
(5RP 4/2), poorly cemented, clayey 
siltstone. Unit contains. many irregu
lar nodules and stringers of moderate
reddish-orange (lOR 6/6) chert. 
Lateral to line of section one thin bed 
of this chert was noted. This unit is 
similar to mottled strata occurring 
near the base of Upper Triassic strata 
in the Colorado Plateaus province. The 
unit is different from both typical 
Cutler and typical Dolores. It is 
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Cutler Formation (incomplete) -Continued 
assigned to the Cutler as it lies below 
what is believed to be the lower 
member of the Dolores and because it 
contains coarse-grained parts that 
appear to more related to Cutler than 
Dolores. Purplish mottled units similar 
to this one were noted at the top 
of the Cutler Formation in the Stoner 
section and in the Florida River 
canyon. The mottled strata in the 
Florida River canyon contain orange 
chert identical with that in this 
section ................................................... . 

4. Covered. Weathers to form steep slope .. 
3. Siltstone, pale reddish brown (lOR 

5/4), weathering same color; abun
dant fine-grained accessory white 
mica; poorly cemented, clay binding; 
stratification concealed; weathers to 
form steep slope ................................... . 

2. Sandstone, pale red ( 5R 6/2) and 
minor light greenish gray (5GY 8/1), 
weathering same colors, coarse to 
very coarse grained, fair sorted; 
composed of subangular clear quartz 
and milky and pink feldspar, rare 
coarse-grained accessory white and 
dark mica; firmly cemented, calcare
ous; composed of horizontal laminae 
to thin beds and minor thin planar 
sets of small- to medium-scale low
angle cross-laminae; weathers to form 
ledge. Unit contains disseminated 
granules to pebbles as large as 1.1 
in. in diameter. Granules and pebbles 
are quartz, orthoclase, chert, and pos-
sibly granite ......................................... . 

1. Siltstone to silty sandstone (60 per
cent) and sandstone (40 percent). 
Siltstone to silty sandstone, pale red
dish brown (lOR 5/4), minor gray
ish-red (lOR 4/2) and rare light
greenish-gray (5GY 8/1) mottling, 
weathering same colors, grades from 
siltstone to silty fine-grained sand
stone, fair to poorly sorted; composi
tion masked, 1 to 2 percent dark and 
white mica; poorly cemented, clay 
binding; horizontally laminated to 
thin bedded. Sandstone, moderate red 
(5R 5/4), pale red (5R 6/2), and 
minor pale reddish brown (lOR 
5/4), weathering same colors, fine 
to medium grained, silty in parts, 
fair to poorly sorted; composed of 
angular milky quartz and feldspar, 1 
to 2 percent dark and white mica; 
poorly cemented, calcareous and clay 
binding; horizontally laminated to 
very thin bedded, rare thin trough 
sets of medium-scale low-angle cross
laminae. The two lithologic types 
intergrade. Sandstone is present as 
thin to very thick sets or cosets inter-

Feet 

21.0 
15.9 

6.7 

11.9 

Cutler Formation (incomplete)-Continued Feet 

stratified with the rest of the unit. 
Unit as whole weathers to form steep 
slope. Only top 50 ft of unit examined 
in detail ........................... : ................ Unmeasured 

Total of incomplete Cutler Forn-ia-
tion .................................................. 55.5 

Base of section; not base of exposure. Base of sec
tion is about 2,000 ft west of lodge of Tres Piedra 
Ranch. Section starts about 300 ft up west side of 
Piedra River Canyon. 

C-2. EAST BRUSH CREEK 

MeasuTed on no1·th side of canyon neaT m,iddle of sec. 7, T. 
6 S., R. 83 W., 6th PM, about one-half 1nile east of Eagle
Thom,asville Toad, Eagle County 

[Measured by F. G. Poole and C. H. Roach, July 1956] 

Top of section; top of good exposure. Contact with 
overlying Morrison Formation is covered. 

Glen Canyon ( ?) Sandstone and Entrada Sandstone: 
18. Sandstone, grayish orange pink (5YR 

7/2), moderate orange pink (5YR 
8/4), and light brown (5YR 6/4), 
weathering same colors; very fine to 
medium grained, silty, fair to well 
sorted; composed of well-rounded 
clear, milky, and amber-stained 
quartz grains and common black 
accessory minerals. Common well
rounded coarse to very coarse clear, 
milky, smoky, and amber-stained 
quartz grains scattered as berries 
throughout unit, mainly concentrated 
along cross-stratum planes; firmly to 
well cemented, calcareous and siliceous 
cement; medium- and large-scale 
planar and subordinate trough sets of 
high-angle cross-strata; cross-lami
nated to thinly crossbedded. A few 
asymmetrical parallel ripples of high 
index were noted. Platy to slabby 
splitting. Weathers to form vertical 
cliff. The lower part of this unit may 
be, in part, equivalent to the Glen 
Canyon Sandstone of the Uinta 
Mountains ............................................. . 

Unconformity. 
Chinle Formation: 

Red siltstone member: 
17. Same as unit 15. Unit 17 weathers 

to a vertical cliff and therefore could 
not be examined closely. Upper con
tact of unit is sharp and unconform-

Feet 

184.0 

able with overlying unit ...................... 56.4 
16. Sandstone to coarse siltstone, moderate 

reddish orange (lOR 6/6) to light 
brown (5YR 6/4), weathers same 
colors and lighter shades, very fine 
grained, silty, well sorted; composed 
of rounded to well-rounded amber
stained quartz and rare white mica; 
firmly cemented, calcareous; very 
thick bedded; forms massive cliff; 
no sedimentary structures were noted. 
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Chinle Formation-Continued 
Red siltstone member-Continued 

Unit is the most conspicuous bed. 
near top of Chinle Formation. This 
unit, in addition to the other very 
fine grained sandstones in the upper 
part of this member, may be equiv
alent to the lower part of the Glen 
Canyon Sandstone of the U nita 
Mountains ............................................. . 

15. Very fine grained sandstone to silt
stone (25 percent) and structureless 
siltstone (75 percent). Very fine 
grained sandstone, moderate reddish 
orange (lOR 6/6), pale reddish brown 
(lOR 5/4), and light brown (5YR 
6/4), weathering same colors and 
moderate orange pink (lOR 7/4), 
silty, well sorted, composed of rounded 
to well-rounded amber-stained quartz 
and rare black accessory minerals; 
firmly to well cemented, calcareous; 
thin to thick bedded; slab by to blocky 
spitting. Weathers to form prominent 
ledges on steep slope. Lower one-half 
of unit contains common claystone
siltstone chips. The very fine grained 
part of this unit may be equivalent 
to the lower part of the Glen Canyon 
Sandstone of the Uinta Mountains. 
Structureless siltstone, pale red
dish brown (lOR 5/4), weathering 
same colors and lighter shades, firmly 
cemented, calcareous; irregular frac
turing, breaks into angular frag
ments. Weathers to form steep 
rubble-covered slope ........................... . 

14. Coarse siltstone (50 percent) and struc
tureless siltstone (50 percent). Coarse 
siltstone, pale reddish brown (lOR 
5/4) to light brown (5YR 6/4), 
weathering same colors and moderate 
reddish orange (lOR 6/6); well 
sorted; amber-stained quartz grains, 
firmly to well cemented, calcareous, 
thin to very thick bedded, slabby to 
massive splitting. Coarse siltstone 
weathers to five well-defined ledges in 
lower three-fourths of unit. A few 
mud cracks were noted. Common clay 
coatings on bedding planes. Struc
tureless siltstone, grayish red (lOR 
4/2) to pale reddish brown (lOR 
5/4), weathering same colors, firmly 
cemented, calcareous to very slightly 
calcareous, irregular fracturing,. 
breaks into angular fragments. 
Weathers to form steep rubble-cov-
ered slope .............................................. .. 

13. Structureless siltstone (75 percent) 
and bedded siltstone (25 percent). 
Structureless siltstone, pale reddish 
brown (lOR 5/4), grayish red (lOR 
4/2) to moderate brown (5YR 4/4), 

Feet Chinle Formation-Continued 
Red siltstone member-Continued 

with pale-red (5R 6/2), grayish-red 
(5R 4/2), pale-red-purple (5RP 6/2), 
grayish-red-purple (5RP 4/2), and 
minor yellowish-gray (5Y 7 /2) mot
tling, weathering same colors and 
lighter shades; firmly to well cement
ed, calcareous; common vertical frac-

14.0 turing, breaks into angular fragments. 
Common white streaks, and limy 
pockets, and limy pebbles scattered 
throughout the structureless siltstone. 
Pale-red-purple mottling more abun
dant near top of unit. Weathers to 
form steep rubble-covered slope be
tween the better cemented bedded silt
stone. Bedded siltstone, moderate red
dish brown (lOR 4/6) to pale reddish 
brown (lOR 5/4), weathering same 
colors and light brown (5YR 6/4); 
firmly to well cemented, calcareous; 
horizontally laminated, shaly split
ting; laminated siltstone grades verti
cally and laterally into thin to very 
thick beds. These beds weather to 
form rough ledges .............................. .. 

12. Structureless siltstone (80 percent), 
laminated siltstone (10 percent), and 
bedded siltstone (10 percent). Struc
tureless siltstone, pale reddish brown 
(lOR 5/4), moderate reddish brown 
(lOR 4/6), grayish red (lOR 4/2 and 
5R 4/2), pale red (5R 6/2), and pale 
red purple (5RP 6/2), weathering 
same colors and lighter shades; firmly 

89.3 to well cemented, calcareous; vertical 
fracturing, contains limy nodules and 
scattered pebbles. Structureless silt
stone breaks into angular fragments. 
Weathers to form steep rubble-cov
ered slope. Laminated siltstone, gray
ish red (lOR 4/2), pale reddish brown 
(lOR 5/4), and pale red (lOR 6/2), 
weathering same colors and lighter 
shades; well cemented, calcareous; 
minor small-scale trough sets of low
angle cross-laminae; common hori
zontal laminae and ripple laminae, 
shaly splitting, weathers to form 
minor ribs on steep slopes. Limestone 
and siltstone pebble conglomerate 1-ft
thick grading laterally into ripple
laminated siltstone. Laminated silt
stone in lower part of unit. Bedded 
siltstone, pale reddish brown (lOR 
5/4) to moderate reddish brown (lOR 
4/6), weathering light brown (5YR 

152.9 5/6) to moderate reddish orange 
(lOR 6/6); well cemented, calcare
ous; rare small-scale trough sets of 
low-angle cross-laminae; thin to thick 
bedded; slab by to blocky splitting; 
weathers to form resistant ledges .... 
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Chinle Formation-Continued 
Red siltstone member-Continued 

11. Limestone and siltstone pebble conglom
erate, pale red (lOR 6/2 and 5R 6/2) 
and grayish red (lOR 4/2 and 5R 
4/2), with limestone pebbles medium 
gray (N 5) and medium light gray 
(N 6), and siltstone pebbles dark red
dish brown (lOR 3/4) and grayish red 
(lOR 4/2). Unit weathers same colors 
and lighter shades. Limy siltstone 
matrix, pebbles as much as 2% in. 
in maximum diameter, granules and 
pebbles are subrounded to rounded; 
firmly cemented, calcareous, unit 
channels as much as 3 ft into under
lying unit, top of unit interfingers 
with overlying unit. Thick bedded 
to very thick bedded; blocky to mas
sive splitting. Weathers to form 
rough ledge ---·----------------------------------------

10. Limy siltstone (95 percent) and lime
stone and siltstone pebble conglom
erate ( 5 percent). Limy siltstone, 
grayish red (lOR 4/2 and 5R 4/2), 
pale red (5R 6/2 and lOR 6/2), and 
pale reddish brown (lOR 5/4), minor 
greenish-gray (5GY 6/1) mottling, 
weathering same colors, firmly ce
mented, calcareous, structureless silt
stone constitutes about 40 percent of 
entire unit, stratified siltstone is 
thinly laminated to thin bedded; 
abundant small-scale trough sets of 
low-angle cross-laminae and abundant 
ripple laminae; papery to slab by 
splitting. Limestone and siltstone 
pebble conglomerate, grayish red 
(lOR 4/2 and 5R 4/2) and light 
brownish gray (5YR 6/1), with minor 
greenish-gray (5GY 6/1) mottling, 
weathers same colors and lighter 
shades. Matrix is limy siltstone; clasts 
are composed of subangular to round
ed pebbles as much as 15 mm in 
maximum diameter. Lenticular unit of 
laminated to thin beds, unit as whole 
weathers to form steep slope. Platy 
to slabby splitting. Some interbedded 
siltstone .............. ______ ............................. . 

9. Limy siltstone (90 percent) and lime
stone and siltstone pebble conglom
erate (10 percent). Limy siltstone, 
pale reddish brown (lOR 5/4), mod
erate red (5R 5/4), and pale red 
purple (5RP 6/2), weathering same 
colors and pale red (lOR 6/2), con
tains many limy pockets; well ce
mented; minor small-scale trough sets 
of low-angle cross-laminae and minor 
ripple laminae. Limy siltstone in top 
30 ft of unit lacks bedding and con
tains abundant peculiar vertical cylin
drical structures as much as 4 ft in 
length and as much as 3 in. in 

Feet Chinle Formation-Continued 
Red siltstone member-Continued 

diameter (average of 1% in. in 
diameter). Some of the cylinders taper 
downward. Limy siltstone contains 
scattered limestone and siltstone 
pebbles. Limestone and siltstone 
pebble conglomerate, pale red (lOR 
6/2 and 5R 6/2), brownish gray 
(5YR 4/1), and medium gray (N 5), 
weathers same colors and lighter 
shades. Matrix is chiefly limy silt
stone, coarse fraction ranges from 
sandstone to pebble conglomerate. 
Clasts are subrounded to well-rounded 
limestone and siltstone pebbles as 
much as 2% in. in maximum diameter. 
Conglomerate is firmly to well ce
mented, and occurs as lenticular very 
thin bedded to thick bedded layers in 

6.0 limy siltstone in lower 30 ft of unit. 
Conglomerates weather to form incon
spicuous ledges in lower part of 
unit. Upper part of unit weathers 
to form cliffs ----------·-------------·-----------------

8. Silty claystone, pale reddish brown 
(lOR 5/4), upper few feet of unit 
pale red (5R 6/2) and grayish red 
(5R 4/2), weathering. same colors, 
rare well-rounded limestone and silt
stone pebbles as much as 6 mm in 
maximum diameter; firmly cemented, 
calcareous; thinly laminated to lami
nated, papery and shaly splitting. 
Weathers to form smooth slope ........... . 

7. Siltstone (80 percent) and sandstone 
to pebble conglomerate (20 percent). 
Siltstone, grayish red (lOR 4/2), 
moderate red (5R 4/6), and light red 
(5R 6/6) with light-greenish-gray 
coloring in upper few feet, weather
ing same colors, common medium to 
coarse subangular to rounded clear 
and milky quartz grains and rare 
pink feldspar grains near base; firm
ly cemented, calcareous. Upper foot 
of unit grades laterally from limy 
siltstone through very limy siltstone 
to limestone conglomerate, thinly 

66.5 laminated to thin-bedded small-scale 
trough sets of low-angle cross
laminae which grade into ripple 
laminae, papery to slabby splitting. 
Weathers to form cliff. Sandstone to 
pebble conglomerate, light greenish 
gray (5GY 8/1), pale red (lOR 6/2 
and 5R 6/2), and grayish red (5R 
4/2 and lOR 4/2), weathering same 
colors and lighter shades. Fine-grained 
sandstone to pebble conglomerate, 
fair to poorly sorted; composed of 
subangular to rounded clear, smoky, 
and milky quartz grains and chert 
grains. Granules and pebbles com
posed of clear and milky quartz, 

Feet 

66.5 

18.8 
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Chinle Formation-Continued 
Red siltstone member-Continued 

chert, limestone, and siltstone. Firmly 
to well cemented, calcareous; lami
nated to thick bedded, minor cross
laminae of small-scale sets of low
ang·le cross-strata and minor ripple 
laminae; platy to slabby splitting. 
Weathers to form cliffs. NoTE.
Gravel is as much as 2 in. in diameter 
and rarely as much as 3 in ................ . 

Total red siltstone member ............. . 

6. Sandstone, fine to conglomeratic, mot
tled and banded white (N 9), gray
ish pink (5R 8/2), pale reddish brown 
(lOR 5/4), pale red (5R 6/2), gray
ish red (5R 4/2 and lOR 4/2), pale 
red purple ( 5RP 6/2), and grayish 
red purple (5RP 4/2), weathers same 
colors, fine-grained sandstone to 
pebble conglomerate, minor percent
age of cobble gravels as much as 4 
in. in maximum diameter in basal few 
feet, fair to poorly sorted; composed 
of subangular to rounded clear and 
milky quartz grains and common 
chert grains. Granule sand, pebble 
and cobble gravels are composed of 
vein quartz with subordinate chert 
and metaquartzite. Well cemented 
to poorly cemented, calcareous, sili
ceous, siliceous and clay binding; 
sandstone and conglomerate within 
unit are lenticular, .very thin bedded 
to very thick bedded, thin ·units of 
medium- to small-scale planar and 
subordinate trough sets of high- and 
low-ang·le cross-laminae and cross
beds; flaggy to massive splitting. 
Basal 15 ft is silica cemented and 
weathers to form vertical cliff. The 
upper part has calcareous and clay 
cement and weathers to form steep 
slopes. The upper 10 to 20 ft is 
partly covered but appears to be 
friable coarse sandstone. Basal 15 
ft contains thin conglomerate lenses 
and isolated gravels in a fine- to 
medium-grained sandstone matrix, 
whereas the upper part is chiefly 
medium to granule sand. Silicified 
logs were noted at base of unit ......... . 

Total Gartra Member ..................... . 

Total Chinle Formation 

Unconformity. 
State Bridge Formation (incomplete): 

Upper member (incomplete) : 
5. Sandstone, moderate-red (5R 5/4), 

pale-red (5R 6/2), dark-reddish
brown (lOR 3/4), and grayish-red 
(5R 4/2 and lOR 4/2); weathers 
same colors; very fine grained, well 

472-202 0 - 72 - 10 
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State Bridge Formation (incomplete) -Continued 
Upper member (incomplete) -Continued 

sorted; composed of rounded to well
rounded clear and amber-stained 
quartz grains and common white 
and black accessory minerals, abun
dant white and green coarse to very 
fine grained mica, firmly to well 
cemented, calcareous to noncalcare
ous; medium-scale trough and planar 
sets of low-angle thinly cross-lami
nated to very thinly crossbedded 
strata; unit is laminated to very thick 
bedded, platy to massive splitting. 
Weathers to form cliff. Upper contact 
is an erosional unconformity. This 
sandstone unit is probably correlative 
with the sandstone directly below the 
Chinle Formation near Wolcott, 
Basalt, and Aspen, Colo .................... . 

4. Coarse siltstone to very fine grained 
sandstone and claystone to silty clay
stone. Coarse siltstone to very fine 
grained sandstone, grayish red (lOR 
4/2) and pale reddish brown (lOR 
5/4), with minor greenish-gray (5GY 
6/1 and 5G 6/1) mottling, weathering 
same colors and minor red-purple 
(5RP 6/2) mottling, well sorted; very 
fine sandstone is composed of rounded 
to well-rounded clear and amber
stained quartz grains and common 
white and black accessory minerals, 
abundant white mica; firmly to well 
cemented, calcareous; persistent, par
allel thinly laminated to thin-bedded 
ribs; many of the more resistant ribs 
contain cross laminae of small-scale 
trough sets of low-angle cross-strata. 
Many of these ribs contain ripple 
laminae; part of unit appears to be 
structureless, weathers to form alter
nating resistant ribs and less re
sistant slopes. Claystone to silty clay
stone, dark reddish brown (lOR 3/4), 
grayish red (lOR 4/2 and 5R 4/2), 
pale red purple ( 5RP 6/2), grayish 
red purple (5RP 4/2), and greenish 
gray ( 5G 6/1) , weathers same colors; 
common very fine grained mica; firm
ly to well cemented, calcareous to 
noncalcareous; thinly laminated to 
laminated, papery to shaly splitting. 
Claystone to silty claystone consti
tutes top 10 to 15 ft of unit. Upper 
contact appears to be an erosional 
disconformity ....................................... . 

3. Sandstone, pale reddish brown (lOR 
5/4), weathering same colors and 

·moderate reddish ·orange· (-lOR 6/6), 
very fine grained, well sorted; com
posed of rounded to well-rounded 
clear and amber-stained quartz grains 
and common black accessory mineral; 
firmly cemented, calcareous; very 
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State Bridge Formation (incomplete) -Continued Feet 

Upper member (incomplete)-Continued 
thin bedded to thin bedded; ripple 
laminated; flaggy to slabby splitting. 
Few bedding planes contain siltstone 
and claystone coating. Weathers to 
form conspicuous ledge........................ 4.5 

2. Sandstone and silty claystone. Sand
stone, pale reddish brown (lOR 5/4), 
grayish red (lOR 4/2), and light 
brown (5YR 6/4), with minor pale
olive (lOY 6/2) and grayish-green 
(lOGY 5/2) mottling, weathering 
same colors, very fine grained, silty, 
fair to well sorted; composed of 
rounded to well-rounded clear, milky, 
and amber-stained quartz grains with 
common rounded to well-rounded 
coarse clear, smoky, and milky quartz 
grains, and common white and black 
accessory minerals, common fine
grained mica; firmly cemented, cal
careous; thinly laminated to thin 
bedded; abundant ripple laminae of 
low ripple index (7-8) ; platy to 
slabby splitting. Weathers to form 
resistant ribs on steep slope. Numer
ous siltstone and silty claystone 
pockets within the sandstone. Silty 
claystone, dark reddish brown (lOR 
3/ 4), weathering pale reddish brown 
(lOR 5/4) and light brown (5YR 
6/4) ; ·common very fine grained 
mica; firmly cemented, noncalcareous; 
thinly ripple laminated to ripple 
laminated; papery to shaly splitting. 
Weathers to form thin less resistant 
ribs on steep slope .............................. 86.8 

1. Sandstone, pale reddish brown (lOR 
5/4) and light brown (5YR 6/4), 
weathering same colors, very fine 
grained, well sorted; composed of 
rounded to well-rounded clear, milky, 
and amber-stained quartz grains with 
common rounded to well-rounded 
coarse clear, smoky, and milky quartz 
grains and common white and black 
accessory minerals; common fine
grained mica; firmly cemented, cal
careous; very thin bedded to thick 
bedded; medium- to small-scale trough 
and planar sets of low-angle cross
laminations to very thin cross beds; 
flaggy to blocky splitting. Weathers 
to form smooth ledge . ... .. . .. . .. ... ....... .. .. 5.3 

Total of incomplete upper member.. 264.7-

Total of incomplete State Bridge 
Formation ...................................... 264.7 

Base of section; base of good exposure. 

C-4. SOUTH CANYON CREEK 

Section on west side of canyonS. 70° W. from bridge crossing 
Colorado River at mouth of South Canyon Creek, about 

4~ miles west of Glenwood Springs, NW~ of sec. 2, T. 
6 S., R. 90 W., 6th PM, Garfield County 

[Measured by F. G. Poole and L. G. Schultz, April and May 1956] 

Top of section; not top of exposure. Section ends at Feet 

base of Morrison Formation. 
Entrada Sandstone: 

16. Sandstone, light greenish gray (5GY 
8/1), yellowish gray (5Y 7 /2), and 
grayish yellow (5Y 7 /2), weathers 
same colors and moderate yellow (5Y 
7/6), fine to medium grained, fair to 
well sorted, composed of well-rounded 
clear, milky, smoky, and amber
stained quartz and red and black chert 
grains, colorful coarse-grained berries 
in lower few feet of unit with same 
composition as the finer fraction, 
firmly cemented, calcareous; medium
and large-scale thin to very thick 
trough and planar sets of high-angle 
thin cross-laminae to thin crossbeds, 
upper part is largely horizontally 
laminated to thinly laminated. Unit 
weathers to form rounded massive 
cliff or steep slope. Upper contact is 
not well exposed along line of 
section .................................................... 60.0 

Total of Entrada Sandstone............ 60.0 

Unconformity. 
Chinle Formation: 

Red siltstone member: 
15. Structureless siltstone ( 60 percent), 

lenticular well-cemented coarse silt
stone ( 30 percent), limestone and 
siltstone pebble conglomerate (8 per
cent), and limestone pebble conglom
erate (2 percent). Pale reddish brown 
(lOR 5/4) and moderate reddish 
brown (lOR 4/6) with dark-gray 
(N 3) limestone pebbles. Unit weath
ers same colors, with the limestone 
pebbles weathering purplish. Upper 
40 ft of unit is chiefly well-cemented 
coarse siltstone with conspicuous 
vertical fracturing. Unit as whole 
weathers to form steep rubble-cov
ered slope, with the well-cemented 
coarse siltstones forming thin- to 
thick-bedded resistant ribs while the 
structureless siltstones form most of 
the intervening slope. Upper contact 
is unconformable with overlying 
Entrada Sandstone. Contact is sharp 
and undulating, with clastic dikes of 
Entrada Sandstone filling fractures 
and penetrating the upper Chinle sur-
face a foot or more ........................... . 

14. Siltstone (70 percent) and limy siltstone 
(30 percent). Siltstone, dark reddish 
brown (lOR 3/4), weathering grayish 
red '(lOR 4/2), same as unit 12. Limy 
siltstone, grayish red (lOR 4/2) with 
minor light-greenish-gray (5GY 8/1) 
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Chinle Formation-Continued 
Red siltstone member-Continued 

mottling and abundant pale-red (5R 
6/2) limestone and siltstone pebbles 
as much as 0.5 in. in maximum 
diameter, firmly to well cemented, 
very calcareous; structureless. Weath
ers to form steep rubble-covered slope 

13. Limy to sandy siltstone, pinkish gray 
(5YR 8/1), light greenish gray 
( 5G Y 8/1) , and greenish gray ( 5G Y 
6/1) to medium light gray (N 6). 
Sandy siltstone contains abundant to 
rare rounded to well-rounded clear, 
milky, and smoky medium to very 
coarse quartz grains and common 
fine to very fine white mica; firmly 
to well cemented, calcareous. Limy 
siltstone forms irregular lenses in 
upper part of unit. In places, unit is 
minutely cross-laminated (small-scale 
planar sets) ; in other places, unit is 
thinly laminated to very thin bedded. 
Weathers to form small inconspicuous 
rib on steep slope ............................... . 

12. Siltstone, dark reddish brown (lOR 
3/4), weathering grayish red (lOR 
4/2), common to rare very fine to 
coarse rounded to well-rounded clear 
and amber-stained quartz grains, 
fair to well sorted, firmly cemented, 
calcareous, rare very coarse well
rounded silt grains; structureless, 
irregular fracturing. Weathers to 
form steep slope ................................. . 

Total red siltstone member ............... . 

Offset in section. T1·ans!en·ed so that ove'dying 
ttnits m.eastu·ed app1·oxintately 50 yd to west 
and up slope. 

Mottled member: 
11. Silty claystone, dark reddish brown 

(lOR 3/4) and grayish red (lOR 
4/2), weathers grayish red (lOR 
4/2), uncommon to rare rounded 
clear and amber-stained fine to 
medium quartz grains, firmly ce
mented, calcareous, irregular bedding, 
irregular fracturing. Weathers to 
form steep slope ................................... . 

10. Sandy siltstone to clayey siltstone (90 
percent) and silty claystone (10 per
cent). Sandy siltstone to clayey silt
stone, grayish red purple (5RP 4/2), 
yellowish gray (5Y 8/1), dusky blue 
(5PB 3/2), grayish red (lOR 4/2), 
dark reddish brown (lOR 3/4), and 
grayish purple (5P 4/2), weathers 
same colors, and pale purple (5P 
6/2) , and pale red purple ( 5RP 6/2) 
common to sparse subrounded to well
rounded medium to very coarse clear 
and amber-stained quartz grains, 
and abundant to uncommon white 
mica; poorly to well cemented, fair 

Feet 

14.2 

.5 

7.8 

208.5 

8.0 

Chinle Formation-Continued 
Mottled member-Continued 

Unconformity. 

to poorly sorted, calcareous to non
calcareous; zone approximately two
thirds above base contains abundant 
red iridescent iron oxide blebs with 
streaks of soft white clay; irregular 
bedding and fracturing to thinly 
laminated to very thin bedded with 
shaly splitting. Weathers to form 
steep slope: Unit is a pale to pale-red
purple and pinkish to yellowish-gray 
zone at base of Chinle Formation ... . 

Total of mottled member ............... . 

Total of Chinle Formation ............. . 

State Bridge Formation (incomplete) : 
Upper member: 

9. Silty claystone (75 percent), siltstone 
(20 percent), and sandstone (5 per
cen.t). Silty claystone, pale red (lOR 
6/2 and 5R 6/2), weathers same 
color, micaeous; firmly cemented, 
slightly calcareous to noncalcareous; 
shaly splitting to irregular fractur
ing. Siltstone, grayish red (lOR 4/2 
and 5R 4/2), weathers same color, 
abundant white and dark-green (chlo
ritic?) mica; firmly cemented, non
calcareous; irregular fracturing. 
Sandstone, grayish red (lOR 4/2), 
greenish gray (5G 6/1), dark green
ish gray (5GY 4/1), and light green
ish gray ( 5G 8/1), weathers same 
colors, very fine to very coarse 
grained, fair to poorly sorted; com
posed of rounded to well-rounded clear 
and milky quartz and abundant white 
and dark-green ( chloritic?) mica; the 
coarse to very coarse grains are well
l;ounded milky quartz; well cemented, 
calcareous to noncalcareous; very thin 
bedded, fine to very fine grained sa;J.d
stone is ripple laminated; lenticular 
sandstones are present at base .and 
near top of unit. Weathers to form 
small resistant ribs on steep slope. 
Unit as whole weathers to form ·steep 
dark-red slope ....................................... . 

8. Siltstone to clayey siltstone (55 per
cent) and coarse siltstone to very fine 
grained sandstone (45 percent), pale 
reddish brown (lOR 5/4) , dark red
dish brown (lOR 3/4), and grayish 
red (lOR 4/2) with minor light
greenish-gray (5G 8/1) mottling, 
weathers same colors; clayey silt
stone to very fine grained sandstone 
with sparse well-rounded medium 
milky- and amber-stained quartz 
grains and common white and dark
green ( chlori tic?) mica; firmly to well 
cemented, calcareous to slightly cal-
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9.3 

17.3 

225.8 

19.5 
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State Bridge Formation (incomplete)-Continued Feet 

Upper member-Continued 
careous; ripple laminated (10 per
cent, estimated) and horizontal thin 
to thick bedded (90 percent, esti
mated) ; irregular fracturing. W eath
ers to form steep ribbed orange:..red 
slope with coarse fraction ( 45 per
cent) forming three ribs and fine 
fraction (55 percent) forming 
rubble-covered intervening slope ........ 36.1 

Total of upper member .................... 55.6 

Total of incomplete State Bridge 
Formation ...................................... 55.6 

Base of section; not base of exposure. 

NOTE.- Units 1-7 described in Stewart, Poole, and 
Wilson (1972). 

C-5. DURANGO 
Measured on east side of Animas River valley at point 5 

miles north of Durango, sec. 3, T. 35 N., R. 9 W., NMPM, 
La Plata County 

[Measured by J. H. Stewart and R. F. Wilsori, August 1955] 

'fop of section; top of accessible exposure. Top of Feet 

section is N. 35o E. of main part of Durango, S. 
84° E. of prominent side canyon on west side of 
Animas River valley, and N. 85° E. of most south-
erly exposure of basal unit of Dolores Formation 
on west side of Animas River valley. 

Entrada Sandstone (unmeasured) : 
14. Sandstone, grayish orange pink (5YR 

7 /2), weathering very pale orange 
(lOYR 8/2), very fine to fine grained, 
in most places contains 5 to 10 per
cent medium to coarse grains,. fair 
sorted; composed of subangular clear 
quartz and rare orange and black 
minerals; medium to coarse grains 
are rounded clear quartz; firmly ce
mented, slightly calcareous; thick 
bedded in lower 4 ft, thin to thick 
trough and planar sets of medium
scale low-angle cross-laminae in over
lying 26 ft; massive splitting; weath
ers to form vertical cliff. Only basal 
30 ft of unit examined. Base of 
Entrada is sharp. Contact marks 
change from reddish colors of Dolores 
to pale orange of Entrada, from the 
sandy siltstone of the Dolores to the 
very fine grained sandstone contain
ing disseminated coarser grains of 
the Entrada, and from the horizon
tally laminated rocks of the Dolores 
to the cross-stratified rocks of the 
Entrada ............................................. Unmeasured 

Dolores Formation: 
Upper member: 

13. Sandy siltstone, pale reddish brown 
(lOR 5/4), weathering same color, 
firmly cemented, slightly calcareous; 
horizontally laminated, appears struc
tureless in some parts, but stratinca
tion may be concealed ; weathers to 

Dolores Formation-Continued 
Upper member-Continued 

form vertical cliff continuous with 
that of Entrada Sandstone; unit con
tains common yellowish-gray (5Y 
8/1) mottling ....................................... . 

12. Siltstone, grayish red (lOR 4/2 and 
5R 4/2) and uncommon pale reddish 
brown (lOR 5/4), weathering pale 
reddish brown (lOR 5/4); firmly 
cemented, calcareous; composed of 
horizontal beds ranging in thickness 
from a few feet to possibly as much 
as 20 ft; horizontally laminated in a 
few parts; weathers to form steep 
ledgy slope; ledges form about 10 
percent of the unit and are horizontal 
beds from 1 to 4 ft thick. The ledges 
are sandier than the rest of the unit 
and grade in a few places to very 
fine grained silty sandstone. The silt
stone commonly contains limy nodules 
that are mostly very coarse sand or 
granule size but may be as large as 
1 in. in diameter. The siltstone from 
66.0 to 70.5 ft is horizontally lami
nated and contains mud-crack fillings 
on almost every lamination plane ..... . 

11. Silty sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, silty, well sorted; composed 
of subrounded reddish-stained quartz 
and rare black accessory mineral ; 
firmly to well cemented, slightly cal
careous; horizontally laminated, some 
parts of unit appear structureless, 
in some places laminae have undula
tions that suggest ripples with an 
amplitude of 0.1 in. and a wave
length of 2 in. Unit forms conspicuous 
vertical cliff in local area ................... . 

10. Siltstone, pale reddish brown (lOR 5/4) 
and minor light brown (5YR 6/4), 
weathers pale reddish brown (lOR 
5/4), fair sorted, contains common 
fine-grained accessory white mica; 
well cemented, calcareous; composed 
of horizontal laminae to very thick 
beds; massive splitting in part; along 
line of section forms a vertical cliff 
but elsewhere forms a ledgy slope .... 

9. Siltstone, pale reddish brown (lOR 5/4) 
and common grayish red (lOR 4/2), 
and rare light greenish gray (5GY 
8/1) ; well cemented, calcareous; 
lower half of unit is ripple laminated 
with minor horizontal laminations, 
upper half of unit is structureless; 

. weathers to form a loose slope. Base 
of unit along line of section is 
marked by a very thin set of light
greenish-gray (5GY 8/1) sandstone 
composed of medium to very coarse 

Feet 

30.5 

119.2 

34.0 

50.0 
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Dolores Formation-Continued 
Upper member-Continued 

grains of rounded gray limestone in 
a silt matrix ......................................... . 

Total of upper member ................. . 

Middle member: 
8. Siltstone, grayish red (lOR 4/2) and 

pale reddish brown (lOR 5/4), weath-· 
ers same colors, firmly cemented, 
slightly calcareous cement with clay 
binding; stratification obscured but 
probably structureless; weathers to 
form a debris-covered slope. Unit con
tains a 5-ft set of sandy siltstone 5 
ft above base. This sandy siltstone 
set is similar to that in underlying 
unit. Unit also contains one vei·y 
thin set of light-greenish-gray (5GY 
8/1) sandstone composed of rounded 
medium to very coarse grains and 
sparse granules of siltstone and 
limestone. Top of this unit marks a 
color change from purplish colors 
below to reddish colors above. This 
color break is conspicuous on the 
cliffs on the west side of the Animas 
River Canyon ....................................... . 

7. Clayey siltstone to sandy siltstone, 
grayish red (5R 4/2) and rare green
ish gray (5GY 6/1), weathering same 
colors; well cemented, calcareous. Unit 
is composed of thin to thick sets of 
sandy siltstone ( 40 percent) inter
stratified with thin to very thick sets 
of siltstone and clayey siltstone (60 
percent). The sandy siltstone contains 
very fine grained sand and probably 
grades to very fine grained sandstone. 
The sandy·siltstone sets are composed 
of slightly inclined laminae that 
appear to be foreset layers. Unit as 
whole weathers to form ledgy slope .... 

6. Sandstone (75 percent), limestone-grain 
sandstone and conglomerate (15 per
cent), and siltstone (10 percent). 
Sandstone, light brownish gray (5YR 
6/1) and minor pale red purple (5RP 
6/2), weathering grayish red (5R 
4/2), very fine grained, well sorted, 
composition masked, abundant coarse
grained accessory white mica, well 
cemented, calcareous; horizontally 
laminated, and thin to thick trough 
sets of medium-scale low-angle cross
strata. Limestone-grain sandstone 
and cong·lomerate, grayish red (5R 
4/2) and light greenish gray (5GY 
8/1), weathering same colors; com
posed of rounded coarse to very 
coarse grains of gray limestone in a 
silt matrix, well cemented; composed 
of trough sets of medium-scale low
angle crossbedding. Siltstone, grayish 
red (5R 4/2) and light greenish gray 

Feet 

25.3 

259.0 

41.1 

50.3 

Dolores Formation-Continued 
Middle member-Continued 

(5GY 8/1), weathering same, well 
cemented, calcareous; structureless. 
All three lithologies are irregularly 
interstratified. Sandstone contains 
abundant clay or silt pellets as large 
as 1 in. in diameter in some parts 
of· the unit; Some carbonaceous 
material noted in the sandstone. Base 
of unit fills channels as much as 3 
ft deep cut into underlying unit; unit 
as a whole weathers to form a verti-
cal cliff ................................................... . 

5. Siltstone, grayish red (5R 4/2), weath
ering same color, firmly cemented, 
calcareous; horizontally laminated 
and ripple laminated, may be struc
tureless in part; weathers to form 
steep loose slope; unit contains about 
10 percent greenish sandstone com
posed of rounded coarse to very 
coarse grains and minor granules of 
gray limestone ..................................... . 

4. Siltstone, grayish red (lOR 4/2 and 
5R 4/2), weathering same color, 
common fine-grained accessory white 
mica; well cemented, calcareous; 
ripple laminated, cuspate-type ripples; 
one thick set of medium-scale cross
laminae noted; weathers to form 
vertical cliff; locally basal 1 to 2 
ft is sandstone composed of coarse 
to very coarse grains of reddish 
siltstone and gray limestone set in a 
silt matrix. This sandstone in places 
is cross stratified and locally contains 
granules and pebbles as large as 1 
in. of siltstone and limestone ............... . 

Offset in section on top of w'tit 3 so that units 4-14 
measu1·ed starting at point about 1,000 ft south of 
place where unit 3 1neasu1·ed. Units 4-14 measu1·ed 
on east side of Animas River Canyon, starting at 
point N. 84° E. of most southe1·ly exposure of basal 
unit of Dol01·es on west side of Animas River 
Canyon and S. 85° E. of prominent side canyon on 
west side of Anim.as River Canyon. 

3. Siltstone to sandstone, grayish red (5R 
4/2), with light greenish gray (5GY 
8/1) in basal 3 ft and rarely in 
rest of unit, weathering same colors, 
grades from coarse siltstone to very 
fine grained sandstone (sandstone 
confined to basal % of unit) fair 
sorted; well cemented, slightly cal
careous; 60 percent of unit is ripple 
laminated, predominantly cuspate-type 
ripples. 'Stratification is largely con
cealed in rest of unit, but is prob
ably both horizontally and ripple 
laminated; platy splitting, weathers 
to form steep purplish-appearing 
slope. A few linear ripple marks 
noted in upper few feet of unit; one 
thin set of contorted ripple laminae 

143 

Feet 

27.3 

20.1 

31.5 



144 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Dolores Formation-Continued 
Middle member-Continued 

noted 2 ft below top of unit. Unit 
from 44.0 to 67.0 ft contains about 
20 percent thin sandy siltstone lenses 
interstratified with siltstone. This 
sandy siltstone contains about 40 per
cent rounded coarse to very coarse 
grains of gray limestone set in a 
silt matrix --------·-····-··--·-··------·---·-------·----

Total of middle member 

Lower member: 
2. Sandstone, light greenish gray (5GY 

8/1), and minor yellowish gray (5Y 
8/1), top 10 ft is dominantly light 
brownish gray (5YR 6/1), weath
ering light olive gray (5Y 6/1), very 
fine grained and minor fine grained; 
fair sorted, composed of subangular to 
subrounded clear quartz and abun
dant white and dark-green mica; well 
cemented, calcareous; horizontally 
laminated to very thin bedded. About 
10 percent of unit is thin to thick 
trough and minor planar sets of 
small- to medium-scale dominantly 
low-angle cross-laminae; abundant 
ripple laminae in top 3 ft; some of 
the horizontal laminae actually may 
be extremely low-angle cross-laminae; 
weathers to form ledge that is promi
nent throughout this part of the 
Animas River Canyon. In places the 
sandstone grades to conglomeratic 
sandstone or conglomerate with clasts 
as large as 2 in. in diameter of 
rounded limestone and rounded to 
~ngular siltstone. Along line of section 
about 5 percent of unit is conglom
eratic sandstone to conglomerate. 
Elsewhere the conglomerate forms a 
greater part of the section; a few 
quartz pebbles were noted in the 
conglomerate away from the line of 
section. The conglomerate mostly 
occurs in the lower 10 ft of the unit. 
The basal contact of the unit is not 
well exposed along line of section, 
but an exposure to one side indicates 
the contact is sharp and erosional; 
scours as much as 2 in. deep are cut 
into the underlying unit. To one side 
of the line of section, a few chert 
nodules as large as 2 in. in diameter 
are present in the basal foot of the 
unit. The unit contains a few thin 
lenses of greenish siltstone. Carbona
ceous material occurs along lamina
tion planes in the sandstone and 
a fragment of a possible fossil tooth 
was noted in a conglomeratic layer __ 

Total of lower member -----··············· 

Total of Dolores Formation ........... . 

Feet 

99.0 

269.3 

74.8 

74.8 

603.1 

Cutler Formation (unmeasured) : Feet 

1. Siltstone, grayish red (lOR 4/2) and 
pale reddish brown (lOR 5/4), weath
ering same colors, contains some very 
fine grained sand, poorly sorted, con
tains from 1 to 5 percent white 
and dark-green mica; firmly to well 
cemented, calcareous and probably 
clay binding, stratification largely 
concealed, but is partly horizontally 
laminated to thin bedded, weathers 
to form steep rubble-covered slope, 
only top 40 ft of unit examined .. Unmeasured 

Base of section; base of good local exposure. Section 
starts on east side of Animas River Canyon at 
point N. 88° E. of prominent canyon in west wall 
of Animas River Canyon and N. 74o E. of most 
southerly exposure of basal sandstone ledge of 
Dolores Formation on west side of Animas River 
Canyon. 

C-6. BRIDGEPORT 

Measured 1 mile south of Bridgepo1·t; about % mile up 
canyon to the southwest of the Gunnison River. North
eastern part of sec. 19 (unsurveyed), T. 14 S., R. 98 W., 
6th PM, Mesa County 

[Measured by J. H. Stewart and F. J. Kleinhampl, June 1955] 

Top of section. Top of good local exposure. Feet 

Entrada Sandstone (incomplete) : 
8. Sandstone, light brown (5YR 6/4), and 

minor yellowish gray (5Y 8/1), weath
ering same colors, very fine to fine 
grained, some coarse-grained parts, 
fair sorted; comp9sed of subrounded 
clear quartz and rare black accessory 
minerals; poorly cemented, calcare
ous; thin to thick horizontally bedded, 
some wavy bedding; weathers to form 
gentle slope with several small ledges. 
Unit forms slope above typical "Slick 
Rim" Entrada. A few beds are silty. 
About 30 ft exposed along line of 
section .............................................. Unmeasured 

7. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of sub
rounded clear quartz and rare black 
accessory minerals; poorly cemented, 
calcareous; horizontally thinly to 
thickly bedded, several 5- to 10-ft 
layers are composed of thin to thick 
trough sets of small- to medium-scale 
high-angle cross-stratification; mas
sive splitting; weathers to form bare 
rock slope ("Slick Rim" weathering). 
Many parts of unit contain from 5 to 
20 percent amber-stained round very 
coarse quartz grains (Entrada "ber
ries"). Basal contact is sharp, and 
scours as much as 4 in. deep are pres-
ent along contact .................................. 39.4 

Total of incomplete Entrada Sand-
stone ................................................ 39.4 
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Wingate Sandstone: 
6. Sandstone, light brown (5YR 6/4), and 

minor very pale orange (10YR 8/2), 
weathering light brown (5YR 6/4), 
very fine to fine grained, well 
sorted; composed of subrounded clear 
quartz and rare black accessory min
erals; poorly cemented, calcareous, a 
few parts are well-cemented and 
highly calcareous; composed of thin 
to very thick trough sets of small- to 
large-scale cross-strata, a few 5 to 10 
ft layers of very thin to thin-bedded 
sandstone; massive splitting; weath
ers to form a vertical cliff with a 
rounded slope in the top 20 ft. Basal 
contact sharp; no evidence of inter
tonguing or intergrading with under-
lying unit ............................................... . 

Total of Wingate Sandstone ........... . 

Chinle Formation: 
Red siltstone member: 

5. Conglomerate (50 percent) and silt
stone (50 percent). Conglomerate, 
pale reddish brown (lOR 5/4) and 
grayish red (lOR 4/2), weathering 
same colors. Clasts are limy siltstone 
to limestone granules and small 
pebbles. Matrix is silt. Conglomerate 
is well cemented (calcareous) and 
present as thin to thick lenses in
terstratified with siltstone. Siltstone, 
same as that in unit 4. Unit weath
ers to form vertical cliff. Basal part 
of unit fills channels cut as deep as 
1 ft into the underlying unit ............... . 

4. Siltstone to sandy siltstone, grayish 
red (lOR 4/2) and pale reddish brown 
(lOR 5/4), weathering pale reddish 
brown (lOR 5/4), very fine grained, 
sandy; well cemented, slightly cal
careous; composed of 10- to 20-ft
thick layers of structureless rock 
interstratified with 1- to 20-ft layers 
of horizontally laminated rock. Hori
zontally laminated rock is mostly 
sandy siltstone. Unit fractures into 
angular fragments. Unit weathers to 
form a steep slope; ledges form on 
the sandy siltstone layers. ·unit con
tains about three thin lenses of lime
stone pebble conglomerate (or siltstone 
with minor limestone grains). These 
rocks contain from 10 to 60 percent 
very coarse grains to small pebbles 
of reddish and grayish limestone or 
limy siltstone ......................................... . 

3. Siltstone, grayish red (5R 4/2), weath
ering grayish red purple (5RP 4/2) ; 
firmly cemented, slightly calcareous; 
structureless; weathers to form slope 

2. Clayey sandstone (60 percent) and con
glomerate (40 percent), light green
ish gray (5GY 8/1), and minor olive 

Feet 

176.2 

176.2 

18.5 

107.0 

12.8 

Chinle Formation-Continued 
Red siltstone member-Continued 

Precambrian: 

gray (5Y 4/1) and pale reddish 
brown (lOR 5/4), weathering same 
colors. Clayey sandstone, coarse 
grained, poorly sorted; composed of 
angular quartz grains (clay may be 
decomposed feldspar) ; stratification 
concealed. Conglomerate in some 
parts is composed of pebbles of pale
reddish-brown siltstone in a silt 
matrix; in other parts it is composed 
of pebbles and cobbles of quartz and 
gneiss in a coarse sand matrix. Unit 
is heterogeneous and is reworked 
material from the underlying gneiss. 
The siltstone pebbles were probably 
derived from local reworking of the 
Chinle ..................................................... . 

Total of red siltstone member ....... . 

Total of Chinle Formation ............. . 

1. Gneiss, grayish red (lOR 4/2), minor 
very light gray (N 8), weathering 
same colors, coarsely crystalline, com
posed of feldspar, quartz, and about 
3 percent light and dark mica; con
tains thin pegmatite veins with crys
tals as large as %. in. and rare very 
thin veins of bull quartz. Foliation is 
close to vertical. Top 3 ft are poorly 
indurated, are greenish gray (5GY 
6/1), and possibly represent a 
weathered interval on top of. the 

Feet 

3.0 

141.3 

141.3 

gneiss ................................................ Unmeasured 
Base of section; base of exposure. 

C-7. CARSON HOLE 

MeasuTed on 1w1·theast side of GaTson Hole on west side of 
Big Dontinguez C1·eek, west central part of sec. 19, T. 15 S., 
R. 100 W., 6th PM, Mesa County. 

[Measured by R. F. Wilson, June 1956) 

Top of section; not top of exposure. Feet 
Wingate Sandstone: 

8. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained with scattered fine to medium 
grains in places, well sorted; com
posed of subrounded, clear and red
dish-stained quartz and common dark 
accessory mineral; well cemented, 
calcareous; composed predominantly 
of wedge planar sets of medium- to 
large-scale high- and low-angle cross
laminae, but horizontal laminae and 
parting planes are common; weath-
ers to form high vertical cliff ...... Unmeasured 

Chinle Formation: 
Red siltstone member: 

7. Siltstone to sandy siltstone, light brown 
(5YR 6/4) and minor pale reddish 
brown (lOR 5/4), weathering light 
brown, medium to coarse silt, sandy 



146 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Chinle Formation-Continued 
Red siltstone member-Continued 

(very fine grained) in part; firmly to 
well cemented, calcareous; stratifica
tion arranged as follows: 0-6 ft com
posed of trough sets of small- to 
medium-scale low-angle cross-laminae, 
6-15 ft structureless, 15-28 ft com
posed of horizontal and ripple· lami
nae (both parallel and cuspate types) 
and a few thin sets of small-scale 
low-angle cross-laminae, 28-50.4 ft 
structureless, 50.4-59 ft composed of 
60 percent horizontal and ripple lami
nae and 40 percent small- to medium
scale low-angle cross-laminae, 59-72.8 
ft structureless; weathers to form 
ledgy slope with ledges formed in 
laminated or cross-laminated parts of 
unit ......................................................... . 

6. Conglomerate to conglomeratic sand
stone (50 percent) and siltstone to 
sandy siltstone (50 percent). Con
glomerate to conglomeratic sandstone 
same as in unit 4. Siltstone to sandy 
siltstone, light brown (5YR 6/4), 
weathering same color, coarse silt, 
sandy (very fine grained) in places; 
contains common accessory white 
mica, firmly to well cemented, cal
careous; horizontally laminated to 
ripple laminated, and thin trough sets 
of small-scale low-angle cross-lami
nae. Siltstone to sandy siltstone is 
present as thin to thick sets inter
stratified with conglomerate to con
glomeratic sandstone. Unit weathers 
to form prominent ledge ................... . 

5. Siltstone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering same colors, medium to coarse 
silt; firmly to well cemented, cal
careous; structureless in lower 40 ft 
except for 2 ft of horizontally lami
nated siltstone in basal 8 ft, upper 
9.3 ft is horizontally laminated to 
very thin bedded with a suggestion of 
ripple laminae in places; weathers to 
form ledgy slope, with ledge at top 
continuous with overlying unit ......... . 

4. Conglomerate to conglomeratic sand
stone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4); 
fair to poorly sorted; composed of 
coarse grains to pebbles as large as 2 
in. in diameter of siltstone and some 
limy siltstone in a limy matrix; firm
ly to well cemented, calcareous; 
composed of trough sets of medium
scale low-angle cross-laminae to thin 
beds; weathers to form ledge ............. . 

3. Siltstone, pale reddish brown (lOR 
5/4), weathering same color, medium 
to coarse silt; firmly cemented, cal-

Feet 

72.8 

17.0 

49.3 

10.0 

Chinle Formation-Continued 
Red siltstone member-Continued 

careous; structureless; weathers to 
form partially covered earthy slope .... 

2. Conglomerate to conglomeratic sand
stone, grayish orange pink (5YR 
7 /2), weathering same color, fair 
sorted, composed of medium sand 
grains to pebbles as large as 114 in. 
in diameter of angular to subrounded 
clear and white quartz, feldspar, 
granite, and siltstone; firmly to well 
cemented, calcareous; composed of 
trough sets of medium-scale low-angle 
cross-laminae; weathers to form ledge 
in gully; unit fills scours cut into 
underlying unit ..................................... . 

Total of red siltstone member ....... . 

Total Chinle Formation ................. . 

Precambrian granite: 
1. Decomposed granite, pale reddish brown 

(lOR 5/4), grayish orange (lOYR 
7/4) and grayish orange pink (5YR 
7 /2), weathering light brownish gray 
(5YR 6/1), coarsely crystalline; 
composed of quartz and weathered 
feldspar and biotite; crumbly; weath
ers to form partly covered slope; only 
10 ft of unit exposed. Upper 4 ft 
of unit is very decomposed and forms 
a pale purple ( 5P 6/2) to very light 

Feet 

50.4 

5.6 

205.1 

205.1 

gray (N 8) soil.. .............................. Unmeasured 
Base of section; base of exposure. Base of section 

is on Carson Hole trail on west side of Big Do-
minguez Creek. 

C-8. THE PALISADE 

Measured about 200 ft west of the southernmost part of 
The Palisade, northeaste1·n part of sec. 16, T. 51 N., R. 
19 W., NMPM, Mesa County 

[Measured by J. H. Stewart, E. M. Shoemaker, H. F. Albee, and D. A. 
McManus, August 1954] 

Top of section; top of accessible exposure. Top of 
section is on the west side of The Palisade and 
about 40 ft north of the most southerly tip of 
The Palisade. 

Wingate Sandstone: 
14. Sandstone, grayish orange pink (5YR 

7/2) to light brown (5YR 6/4), 
weathering light brown (5YR 6/4), 
very fine grained, well sorted; com
posed of subrounded clear quartz and 
rare black accessory minerals; firmly 
to well cemented, slightly calcareous; 
composed of thin trough sets of small
to medium-scale cross-laminae and 
horizontal laminae to thin beds; 
weathers to form vertical cliff. Only 25 
ft of unit examined. Basal 15 ft of 
unit is dominantly horizontally lami
nated to thinly bedded. Basal contact 
of Wingate Sandstone is irregular 
with relief of about 0.5 ft. Basal 0.5 
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Wingate Sandstone-Continued Feet 

ft of unit is light greenish gray 
(5G 8/1) ............................................ Unmeasured 

Chinle Formation: 
Red siltstone member: 

13. Silty claystone to siltstone, grayish red 
(lOR 4/2 to 5R 4/2), weathering 
same color; rare very fine grained 
accessory white mica; firmly ce
mented, noncalcareous; horizontally 
thinly laminated to laminated in lower 
half of unit and structureless in upper 
half; papery splitting in part; weath-
ers to form rubble-covered slope........ 5.2 

12. Sandstone, grayish orange pink (5YR 
7 /2) to light brown (5YR 6/4), 
weathering same colors, very fine 
grained, well sorted; composed of sub
rounded clear quartz and common 
black accessory minerals; firmly ce
mented, slightly calcareous; com
posed of horizontal laminae, minor 
very thin beds, and common thin 
planar and trough sets of small- and 
medimn-scale cross-laminae; massive 
splitting; weathers to form vertical 
cliff. Unit contains very thin set of 
pale-red (5R 6/2) horizontally lami
nated very fine grained sandstone at 
2.6 ft below top of unit. Unit appears 
to be similar to the lower part of the 
Wingate in color, texture, and strati-
fication .................................................... 12.8 

11. Siltstone, pale reddish brown (lOR 
5/4) and grayish red (lOR 4/2), 
weathering pale reddish brown (lOR 
5/4); well cemented, slightly cal
careous; structureless with rare hori
zontal stratification planes and thin 
to very thick horizontal beds; frac
tures into angular fragments; 
weathers to form steep loose slope 
with many small ledges. Unit contains 
rare thin to thick layers containing 
about 10 percent coarse grains to 
granules of reddish and grayish 
limestone to limy siltstone.................... 122.2 

10. Siltstone (70 percent) and siltstone 
(containing limestone and limy silt
stone clasts) to limestone granule 
conglomerate (30 percent). Siltstone, 
pale reddish brown (lOR 5/4) and 
minor grayish red (lOR 4/2), weath
ering same colors; well cemented, 
calcareous; horizontally very thin to 
thick bedded. Siltstone (containing 
limestone and limy siltstone clasts) · 
to limestone granule conglomerate, 
same colors as siltstone except for 
sparse light greenish gray (5GY 8/1) 
and pale red purple (5RP 6/2), 
weathering same colors, grades from 
siltstone containing about 10 percent 
very coarse grains, granules, and 
pebbles of red and gray .limestone and 

Chinle Formation-Continued 
Red siltstone member-Continued 

limy siltstone to limestone granule 
conglomerate composed of rounded 
gray limestone granules in a lime 
and silt matrix; poorly to well 
cemented, calcareous; present as thin 
to very thick horizontal beds and 
lenses. Unit as whole. weathers to 
form steep slope containing many 
ledges. The siltstone containing lime
stone and limy siltstone clasts and the 
limestone granule conglomerate are 
not everywhere easily separable from 
the remainder of the unit and vary 
considerably laterally; some lime
stone grains appear to be detrital in 
origin whereas others may be limy 
nodules. All gradations from silt
stone to limestone granule conglom-
erate occur ........................................... . 

9. Claystone to clayey siltstone, grayish 
red (5R 4/2 and lOR 4/2), weath
ering pale red (5R 6/2) ; contains 
rare (5 percent) fine to coarse grains 
of clear quartz; poorly cemented, 
noncalcareous; structureless; weath
ers to form steep slope. Upper half 
of unit contains abundant (30 per
cent) limestone nodules averaging 
about 1.5 in. in diameter ................... . 

Basal sandstone unit: 
8. Sandstone, grayish red purple ( 5RP 

4/2), light greenish gray (5GY 8/1), 
and minor grayish red (5R 4/2), 
weathers pale pink (5RP 8/2), fine to 
coarse grained, abundant interstitial 
silt, poorly sorted; composed of angu
lar to subangular clear quartz; poorly 
cemented, noncalcareous; structure
less and sparse thin horizontal lenses; 
weathers to form conspicuous white 
or pinkish-gray ledge. Unit contains 
2 percent very coarse grains to 
pebbles of clear and milky quartz. 
Unit commonly grades to sandy 
siltstone ................................................. . 

Total of basal sandstone unit ......... . 

Total of red siltstone member ....... . 

Total of Chinle Formation ........... . 

Contact of Chinle and Moenkopi Formations placed 
at color change from browns of Moenkopi to 
purples of Chinle. This contact marks a change 
from the sandstone of the Moenkopi containing 
dominantly granite, quartz, and feldspar granules 
and pebbles to the sandstone in the Chinle Forma
tion containing quartz granules and pebbles. 

Moenkopi Formation (incomplete) : 
Ali Baba Member: 

7. Conglomerate and minor conglomeratic 
sandstone, pale red (5R 6/2), weath- · 
ering same color, · composed of 
granules to cobbles of granite, feld-

147 

Feet 

•.76.7. 

14.0 

7.8 

7.8 

238.7 

238.7 
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Moenkopi Formation (incomplete)-Continued 
Ali Baba Member-Continued 

spar, schist, and quartz in a medium 
to very coarse grained matrix of 
quartz and feldspar, minor silt, poorly 
sorted; a few percent of medium
to coarse-grained biotite; poorly ce
mented, calcareous in parts; strati
fication indistinct but appears to be 
mostly horizontally thin bedded, 
sparse small-scale cross-strata in 
basal 10 ft. Unit weathers to form 
steep loose slope. Sparse grayish 
red (5R 4/2) very thin to thin silt-

Feet 

stone sets ---------------------------------------------- 39.7 
6. Siltstone and sandstone (80 percent) 

and conglomerate sandstone (20 per
cent). Siltstone and sandstone, gray
ish red (5R 4/2 and lOR 4/2) and 
minor pale reddish brown (lOR 5/4), 
weathers same colors, grades from 
siltstone to fine-grained sandstone, 
fair sorted; composition concealed, a 
few percent of coarse-grained biotite; 
firmly to well cemented, calcareous; 
horizontally laminated to very thinly 
bedded, minor ripple laminae. Con
glomeratic sandstone to conglomerate, 
pale red (5R 6/2), mottled with light 
greenish gray (5GY 8/1), weathers 
same colors, granules and minor 
pebbles of feldspar, granite, and 
quartz in a fine to very coarse 
grained matrix, poorly sorted; a few 
percent of coarse-grained biotite and 
white mica; poorly to firmly cemented, 
calcareous; composed of thin to very 
thin horizontal beds and minor sets 
of small-scale cross-laminae. Unit as 
a whole is tabular and weathers to 
form ledgy slope ---------------------------------- 13.3 

Total of Ali Baba Member______________ 53.0 

Total of incomplete Moenkopi 
Formation -------------------------------------- 53.0 

Base of section; not base of exposure. 

NoTE.- Units 1-5 described in Stewart, Poole, and 
Wilson (1972). 

C-9. THE SERPENTS TRAIL 

Measured in Colorado National Monument; begins in a west 
tributary wash of No Thoroughfa'te Canyon and ends just 
below the old road (The Serpents Trail). Wash runs 
eastward from highway tunnel into No Thoroughfare 
Canyon. Line of section trends N. 75° E., beginning in 
Precambrian and ending in lower part of Wingate Sand
stone. NWV4 sec. 31, T. 1 S., R. 1 W., UPM, Mesa County 

[Measured by F. G. Poole and P. A. Clark, August 1956] 

Top of section; not top of exposure. Section ends 
near base of precipitous Wingate cliff. Top of 
section S. 65° E. from highway tunnel. 

Wingate Sandstone: 
4. Sandstone, grayish orange (lOYR 7/4), 

pale yellowish orange (lOYR 8/6), 
moderate yellowish brown (lOYR 

Wingate Sandstone-Continued Feet 

5/4), and light brown (5YR 6/4), 
weathering same colors and moderate 
brown (5YR 4/4 and 5YR 3/4), very 
fine to fine grained, silty, fair to 
well sorted; composed of rounded to 
well-rounded clear and amber-stained 
quartz grains with common black and 
white (clay?) accessory minerals; 
firmly to well cemented, calcareous 
to noncalcareous; very thin bedded to 
very thick bedded in places; in other 
places composed of very thin to thick 
small- and medium-scale planar sets 
of cross-laminae and very thin cross-
beds, abundant contorted bedding. 
Unit weathers to massive vertical 
cliff. Basal 5 ft of unit contains 
abundant angular to well-rounded 
fine sand grains to granules composed 
of reworked Chinle ( ?) rock types 
and of weathered chert (?) . Many of 
the coarse sand and granules are disk 
shaped. Only basal 10 ft of unit ex-
amined. Examined part of Wingate 
appears to be fluvial ______________________ Unmeasured 

Chinle Formation: 
Red siltstone member: 

3. Limy siltstone (90 percent) and limy 
siltstone pebble conglomerate (10 
percent). Limy siltstone, pale reddish 
brown (lOR 5/4) to moderate brown 
(5YR 4/4), weathering dark reddish 
brown (lOR 3/4), moderate brown 
(5YR 4/4), and grayish red (5R 4/2 
and lOR 4/2) with minor pale-yellow
ish-brown (lOYR 6/2), yellowish
gray (5Y 8/1) and light-greenish-gray 
(5GY 8/1) mottling, fine to coarse 
silt, well sorted, abundant to rare 
limy siltstone and silty limestone 
pebbles and nodules; firmly to well 
cemented, very calcareous; laminated 
to thick bedded but mostly (about 70 
percent) structureless. Unit weathers 
irregularly to sharp angular frag
ments. Limy siltstone pebble conglom
erate; color same as limy siltstone 
except many of the pebbles are light 
gray (N 7) to yellowish gray (5Y 
8/1) ; fair to well sorted; composed 
of subangular to rounded very coarse 
grains, granules, and pebbles (as 
large as 2.5 in.) of limy siltstone 
and silty limestone set in a fine to 
coarse silt matrix; firmly to well 
cemented, very calcareous; conglom
erate occurs as lenticular laminae to 
thick beds which channel into under
lying beds and is best developed in 
middle part of unit. Unit as whole 
weathers to form steep rubble-cov
ered slope and appears brick red 
from a distance. NOTE. -Top few 
feet of unit contains many clayey 
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Chinle Formation-Continued 
Red siltstone member-Continued 

siltstone laminae. Upper contact is 
gently undulatory, irregular, and 
sharp in most places; however, in one 
place Chinle-like siltstone occurs 
above but near the base of the 
Wingate Sandstone ............................. . 

Total red siltstone member ............ .. 

Total of Chinle Formation ............ .. 

Precambrian igneous and metamorphic rocks: 
·2. Regolith (bleached zone), dark green

ish gray (5GY 4/1 and 5G 4/1), 
light greenish gray (5GY 8/1 and 
5G 8/1), pale red purple (5RP 6/2), 
pale red (5R 6/2 and lOR 6/2), gray
ish red (5R 4/2 and lOR 4/2), and 
minor very dusky red (lOR 10/2) and 
dark reddish brown (lOR 3/4), 
weathering same colors. This bleached 
zone is deeply weathered and altered 
rock of underlying unit; composed 
of smoky and milky quartz, iron 
oxide, badly weathered feldspar and 
biotite. Weathers to form smooth 
steep slope. Unit is a prominent 
bleached zone at the top of the 
Precambrian rocks .............................. .. 

1. Quartz-biotite gneiss and schist with 
minor felsic pegmatite dikes. Gneiss 
and schist, greenish black (5GY 2/1 
and 5G 2/1) to olive black (5Y 2/1), 
weathering same colors; dark color 
due to large amount of biotite mica 
and chlorite present, medium to 
coarse texture; composed of quartz, 
biotite, feldspar, and chlorite. Peg
matite dikes are composed of pink 
and gray feldspar, smoky and milky 
quartz, and subordinate muscovite and 
biotite. Top 25 ft of unit is deeply 
weathered and forms a smooth steep 
slope. Top few feet of unit is 
lighter colored due to large clay 
content. The lower 58 ft of unit is 
fresh rock and exhibits spheroidal 
weathering ............................................ .. 

Total of incomplete Precambrian 
igneous and metamorphic rocks .. 

Base of section; base of exposure. Base of section 
is in bottom of tributary wash to No Thoroughfare 
Canyon. 

C-10. CROSS MOUNTAIN 

Feet 

88.3 

88.3 

88.3 

9.7 

83.0 

92.7 

Measu.'red on no1·th side of canyon of Little Snake River in 
SW~ sec. 2.9, T. 7 N., R. 98 W., 6th PM, Moffat Cou.nty 

[Measured by F. G. Poole and J. H. Stewart, September 1956] 

Top of section; not top of exposure. Section ends 
at base of precipitous cliff of Glen Canyon Sand-
stone. 

Glen Canyon Sandstone: 
9. Sandstone, same as that in unit 8, 

grades upward into very thick bedded 

Glen Canyon Sandstone-Continued Feet 

sandstone, basal 2 ft contains numer-
ous ripple laminae of parallel and 
cuspate type and mudcrack fillings. 
Only lower 10 ft of unit examined. 
Lower part of Glen Canyon Sandstone 
is almost entirely horizontally bedded 
(fluvial) whereas the upper part is 
cross stratified (eolian) .............. Unmeasured 

Chinle Formation (incomplete) : 
Upper member: 

8. Clayey siltstone to sandy siltstone (60 
percent) and sandstone (40 percent). 
Clayey siltstone to sandy siltstone, 
pale reddish brown (lOR 5/4) with 
minor yellowish-gray (5Y 8/1) to 
light-greenish-gray (5GY 8/1) mot
tling, weathering same color, coarse 
silt to fine sand; fine sand grains are 
composed of subrounded to well
rounded clear and amber-stained 
quartz and common to rare white 
mica; firmly to poorly cemented, 
calcareous; horizontally laminated to 
very thin bedded, structureless, or 
ripple laminated; shaly, platy, and 
slabby splitting. Sandstone, light 
greenish gray (5GY 8/1), very pale 
green (lOG 8/2), pale green (5G 
7/2), pale yellowish green (lOGY 
7/2), grayish yellow ( 5 Y 8/4) , and 
light brown (5YR 6/4), weathering 
same colors, but dominantly light 
brown (5YR 6/4), very fine to 
coarse grained, fair to well sorted; 
composed of subrounded to well
rounded clear, milky, smoky, and 
amber-stained quartz grains with 
minor varicolored chert grains and 
sparse to common feldspar and black 
accessory mineral; slightly to highly 
calcareous; horizontally laminated 
to thin bedded and ripple laminated, 
(a 1.5-ft-thick bed 4 ft from top of 
unit contains numerous contorted 
laminae) sparse very thin to thin 
trough sets of small-scale cross
laminae; platy to slabby splitting. 
Rare small rounded siliceous pebbles 
as much as % in. in diameter are 
present. The well-rounded medium 
and coarse grains commonly occur 
as berries in the finer matrix. Unit 
as whole weathers to form steep 
ribbed slope with sand-stone -beds 
forming ledges and siltstone interven
ing slopes. Top of unit is gradational 
with overlying unit .............................. 15.9 

7. Sandstone, light greenish gray (5GY 
8/1), very light gray (N 8), light 
brown (5YR 6/4) to grayish orange 
pink (5YR 7/2), weathering same 
colors; very fine to coarse grained, 
fair to well sorted; composed of 
rounded to well-rounded clear, milky, 
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Chinle Formation (incomplete) -Continued 
Upper member-Continued 

smoky, and amber-stained quartz 
grains and sparse to common feldspar 
and black accessory mineral and vari
colored chert; firmly cemented, very 
calcareous; very thin to thick bedded, 
common ripple laminae and rare thin 
trough sets of low-angle cross-lami
nae; platy to blocky splitting. Weath
ers to form prominent ledge. Upper 
contact is gradational with overlying 
unit. Lower part of unit contains 
very coarse sand to small disk-shaped 
pebbles as much as 1 in. in diameter 
of limy sandstone ............................... . 

Total of upper member ................. . 

Red siltstone member: 
6. Siltstone, pale reddish brown (lOR 

5/4), dark reddish brown (lOR 3/4) 
with minor grayish red (lOR 4/2), 
pale red (lOR 6/2 and 5R 6/2), and 
light greenish gray (5GY 8/1), 
weathering same colors; fine- to 
coarse-grained silt; coarse silt is com
posed of rounded to well-rounded 
amber-stained quartz and rare white 
mica; firmly cemented, very calcare
ous; structureless with rare poorly 
defined thin to thick beds; breaks into 
sharp angular fragments. Weathers 
to form steep rubble-covered slope. 
Upper contact is well defined and 
sharp ....................................................... . 

5. Siltstone to very fine grained sandstone, 
pale red (lOR 6/2 and 5R 6/2), 
minor pale red purple (5RP 6/2) and 
light greenish gray (5GY 8/1), 
weathering same colors, very fine . 
sand; composed of rounded to well
rounded clear, milky, and amber
stained quartz with common iron 
oxide and sparse green copper stain
ing; firmly to well cemented, very 
calcareous; horizontally laminated 
to thin bedded, some ripple laminae 
of cuspate type, sparse structureless 
parts, very thin to thin trough sets 
of small-scale low-angle cross-lami
nae; platy and shaly to slab by split
ting. Lower three-fourths of unit 
weathers to form steep ledgy slope, 
and upper one-fourth weathers to 
form steep rubble-covered slope. 
Minor amount of limy siltstone to 
silty limestone pebble conglomerate 
present. Lower part of unit contains 
rare plant-stem imprints. Upper con-
tact is poorly exposed ....................... . 

Total red siltstone member ........... . 

Sandstone and conglomerate member: 
4. Siltstone to very fine grained sandstone 

and conglomerate, same colors as 

Feet 

4.0 

19.9 

57.7 

42.0 

99.7 

Chinle Formation (incomplete) -Continued 
Sandstone and conglomerate member-Con. 

underlying unit, weathering same 
colors and pinkish gray (5YR 8/1) 
to grayish pink (5R 8/2), lithology 
same as underlying unit. One limy 
siltstone bed contains slightly cal
careous and ferruginous vertical 
cylindrical structures as much as 2 
ft long and Ph in. in diameter. Most 
pebble conglomerate beds contain 
phytosaur bone fragments. Trough 
cross-stratification and sedimentary 
structures similar to that in under
lying unit. Unit weathers to form 
rough ledges and long dip slope in top. 
5 ft. Unit is highest prominent ledgy 
unit in Chinle Formation ................... . 

3. Siltstone to very fine grained sandstone 
and conglomerate, very .light gray 
(N 8) to medium gray (N 5), light 
brownish gray (5YR 6/1), pale red 
(lOR 6/2), and pale pink (5RP 8/2), 
to grayish pink ( 5R 8/2), with minor 
grayish orange (lOYR 7/4), and pale 
yellowish brown (lOYR 6/2), weath
ering same colors with dominant red
dish-pink tint, siltstone grades into 
clayey siltstone and very fine grained 
sandstone; sandstone is composed of 
very fine to fine rounded to well
rounded clear, milky, smoky, and 
amber-stained quartz grains and 
sparse to common feldspar and black 
accessory mineral; conglomerate is 
composed predominantly of rounded 
to well-rounded granules and small 
pebbles of limy siltstone to silty lime
stone and, to a lesser extent, of 
siliceous granules and pebbles, matrix 
ranges from limy silt to very coarse 
sand. Entire unit very calcareous to 
slightly calcareous; horizontally lami
nated to thin bedded, some ripple 
laminae (cuspate and subordinate 
parallel ripples), common thin trough 
sets of small- and medium-scale low
angle cross-laminae, common current 
lineation. Unit as whole weathers 
to form rough ledges and steep dip 
slopes. Unit 2 and basal 15 ft of unit 
3 form prominent ledgy interval at 
base of Chinle Formation. Conspicu
ous structures on bedding planes 
appear to be worm trails ..................... . 

2. Siltstone to fine-grained sandstone, very 
light gray (N 8), light gray (N 7), 
yellowish gray (5Y 7/2 and 5Y 8/1), 
and grayish yellow (5Y 8/4), weath
ering same colors and grayish orange 
( 10 Y R 7 I 4), well sorted; sandstone 
composed of subrounded to well
rounded clear, milky, and amber
stained quartz and sparse to common 
mica and black accessory mineral ; 

Feet 

34.3 

44.9 
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Chinle Formation (incomplete) -Continued Feet 

Sandstone and conglomerate member-Con. 
horizontally laminated to thin bedded, 
some ripple laminae of parallel and 
cuspate type, common thin trough 
sets of medium- and small-scale 
cross-laminae, common current linea-
tion; platy, shaly, to slabby splitting. 
A lenticular bed composed of very 
fine to very coarse sandstone and as 
much as 4 in. thick is present about 
12 ft above base of unit. The coarse 
to very coarse grains in this sand-
stone are composed of rounded to 
well-rounded clear, milky, and pink 
quartz, and sparse to uncommon gray 
chert. This sandstone is very limy 
with numerous limy siltstone pebbles 
and granules. Lower half of unit 
weathers to form t·ough ledge, and 
upper half to smooth steep slope ..... . 

Total sandstone and conglomerate 
mentber ........................................... . 

Ocher siltstone member (incomplete) : 
1. Silty claystone to clayey siltstone, dark 

yellowish orange (lOYR 6/6), mod
erate reddish orange (lOR 6/6) to 
pale red (lOR 6/2), weathering same 
colors, contains scattered rounded to 
well-rounded very fine to medium 
clear and amber-stained quartz grains 
and sparse mica, some yellow iron 
oxides; firmly cemented, noncal
careous; structureless. Weathers to 
form smooth steep slope. Member is 
poorly exposed ....................................... . 

Total of incomplete ocher siltstone 
n1en1ber ......................................... . 

Total of incomplete Chinle Forma-
tion ................................................. . 

Base of section; lowest part of Chinle Formation 
not exposed, although Gartra Member and mottled 
member of Chinle Formation and Moenkopi 
Formation exposed elsewhere in local area. 

C-11. MILLER CREEK 

35.3 

114.5 

9.6 

9.6 

243.7 

Measwred east of Mille'r Creek water gap on south flank of 
Skull Oreek anticline in sees. 27, 94, T. 4 N., R. 101 W., 
6th PM, Moffat County 

[Measured by F. G. Poole and J. H. Stewart, September 1956] 

Top of section; not top of exposure. Top of section 
is approximately N. 60° E. from Miller Creek 
water gap through lower Glen Canyon Sandstone. 

Glen Canyon Sandstone: 
16. Sandstone, grayish yellow green (5GY 

7 /2), pale yellowish green (lOGY 
7/2), white (N 9), pale greenish 
yellow (lOY 8/2), moderate orange 
pink (lOR 7/4), and light brown 
(5YR 6/4), weathering same colors, 
very fine to fine grained, well sorted; 
composed of rounded to well-rounded 
clear, milky, and amber-stained 
quartz grains and sparse to common 

Glen Canyon Sandstone-Continued Feet 

feldspar and black accessory min-
erals; firmly cemented, slightly to 
very calcareous; horizontally thin to 
very thick bedded; slab by to massive 
splitting. Weathers to form vertical 
cliff. Only lower 10 ft of unit ex-
amined. Lithology of unit closely 
resembles that of lowermost sand-
stone un!t of upper member of Chinle 
Formation in Cliff Creek, Vernal, 
and Lake Fork River sections to 
the west ............................................ Unmeasured 

Chinle Formation: 
Red siltstone member: 

15. Siltstone, moderate brown (5YR 4/4), 
pale reddish brown (lOR 5/4), dark 
reddish brown (lOR 3/4), grayish 
red (lOR 4/2), and minor yellowish 
gray (5Y 8/1), and greenish-gray 
( 5G 6/1) mottling, weathers same 
colors; fine to coarse silt; firmly to 
well cemented, very calcareous to 
slightly calcareous; structureless with 
subordinate horizontally laminated 
to very thick bedded layers and ripple
laminated layers; breaks into sharp 
angular fragments. Weathers to form 
steep rubble-covered slope containing 
several prominent ledges of well
cemented siltstone. Upper contact 
appears gradational with overlying 
sandstone unit. Basal 5.3 ft of unit 
is ripple laminated and contains 
minor amounts of small-scale trough 
sets of low-angle cross-laminae. Unit 
contains a total of about 4ft of pebble 
conglomerate with clasts of limy silt
stone in a siltstone matrix. Clasts are 
subrounded to well rounded and as 
much as 2 in. in maximum diameter. 
Prominent ledge from 5.3 to 15.4 
ft above base of unit contains num
erous pale-red (lOR 6/2) to pale-red
purple (5RP 6/2) vertical cylindrical 
structures several feet long and as 
much as 1 in. in diameter ·which 
appear to be higher in lime content 
than adjacent red siltstone. Abundant 
limy masses and pebbles scattered 
throughout unit. Top few inches of 
unit altered to pale yellowish green 
(lOGY 7 /2) and grayish yellow green 
(5GY7/2) ............................................. . 

14. Siltstone, pale reddish brown (lOR 5/4) 
and minor light-greenish-gray (5GY 
8/1) mottling, weathering same 
colors, contains common amounts of 
well-rounded medium to very coarse 
grains which are composed of limy 
material and siltstone similar to that 
in underlying unit; firmly cemented, 
very calcareous, argillaceous; struc
tureless; breaks into small angular 
fragments .. Weathers to form steep· 

116.8 
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Chinle Formation-Continued 
Red siltstone member-Continued 

rubble-covered slope. Grades into over-
lying unit ............................................... . 

Total red siltstone member ............. . 

Ocher siltstone member: 
13. Siltstone to clayey siltstone (70 per.,. 

cent) and silty claystone (30 per
cent). Siltstone to clayey siltstone, 
light brown (5YR 6/4) to moderate 
brown (5YR 4/4 and 5YR 3/4), with 
minor light-greenish-gray (5GY 8/1 
and 5G 8/1) mottling, weathering 
same colors; contains common well
rounded coarse and very coarse limy 
grains, contains goethite staining and 
oolitic, pisolitic ( ?) , and nodular struc
tures with probably the same com
position; firmly to well cemented, very 
calcareous.; structureless; breaks into 
sharp angular fragments. Silty clay
stone, moderate yellowish brown 
(lOYR 5/4) with minor light-green
ish-gray (5GY 8/1) mottling, weath
ering same colors and pale yellowish 
orange (lOYR 8/6); same as re
mainder of unit except that it con
tains swelling clays in basal 10 ft 
of unit. Unit weathers to form steep 
rubble-covered slope; frothy-surfaced 
slope in lower third of unit. Silty 
claystone is confined to lower third 
of unit and appears as conspicuous 
ocherous zone in the lower part of 
the Chinle Formation ....................... . 

Total ocher siltstone member 

Mottled member: 
12. Silty claystone, grayish red (lOR 4/2) 

to dark reddish brown (lOR 3/4), 
weathering same colors and grayish 
red (5R 4/2) to pale red (5R 6/2), 
contains sparse rounded to well
rounded medium to very coarse 
amber-stained quartz grains; firmly 
cemented, noncalcareous; ferruginous, 
clay binding, minor amounts of 
secondary gypsum; structureless to 
very poorly laminated; slickensided. 
Weathers to steep frothy slope. Con-
tains swelling clays ............................. . 

11. Sandy siltstone (70 percent) and silty 
sandstone (30 percent). Sandy silt
stone, mottled grayish red purple 
(5RP 4/2), grayish purple (5P 4/2), 
pale red purple (5RP 6/2), light 
greenish gray ( 5GY 8/1 and 5G 8/1), 
white (N 9), grayish red (lOR 4/2 
and 5R 4/2) and dusky yellow (5Y 
6/4), weathering same colors, con
tains abundant subrounded to well
rounded clear, smoky, and amber
stained quartz grains and granules 
and abundant clay and iron oxide; 

Feet 

10.4 

127.2 

65.6 

65.6 

26.7 

Chinle Formation-Continued 
Mottled member-Continued 

firmly to poorly cemented, noncal
careous; structureless with minor 
poorly defined horizontal laminae; 
weathers to form steep smooth slope 
with frothy appearance in places. 
Silty sandstone, same colors as sandy 
siltstone, very fine to very coarse 
grained, fair to poorly sorted; com
posed of subangular to rounded clear, 
milky, and smoky-strained quartz 
grains, uncommon gray chert grains, 
and rare black accessory mineral; 
iron oxide, clay, and silica cement; 
firmly to well cemented, noncalcareous 
to slightly calcareous; lenticular beds 
with minor very thin to thin trough 
sets of small-scale low-angle cross
laminae; well-cemented beds weather 
to form resistent ledges. Wavy lami
nae to thin beds of gray, red, and 
orange chert occur in about 5 percent 
of unit. Basal few feet of unit grades 
laterally into upper part of under
lying unit. Upper contact is placed at 
top of mottled zone. Unit grades into 
overlying unit ..................................... . 

Total of mottled member ................. . 

Gartra Member: 
10. Sandstone to conglomeratic sandstone, 

white (N 9), pale red (lOR 6/2), 
grayish pink (5R 8/2), pale reddish 
brown (lOR 5/4) and minor grayish 
red purple ( 5RP 4/2) and grayish 
orange (lOYR 7/4), weathers same 
colors, coarse sand to granules and 
minor amounts of very fine to medium 
sand and small pebbles, fair to poorly 
sorted; composed of subangular to 
rounded clear, milky, smoky, and 
amber-stained quartz, minor feldspar 
and gray chert grains, and sparse 
mica; firmly to poorly cemented, non
calcareous to slightly calcareous; clay 
binding; lenticular layers of very 
thin to thick trough and planar sets 
of small- and medium-scale low-angle 
cross-laminae to very thin cross
beds, unit contains many horizontal 
laminae to very thick beds. Weathers 
to form conspicuous white ledge. 
Sparse sandy siltstone partings in 
unit. Granules and pebbles are com
posed of subrounded to well-rounded 
quartz and subordinate chert as much 
as 1.2 in. in diameter. Pebbles occur 
in thin lenses and as isolated clasts. 
Many of the pebbles are disk shaped 
and imbricated. Top of unit grada-
tional with overlying unit ................. . 

Total of Gartra Member ................. . 

Feet 

25.2 

51.9 

19.2 

19.2 
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Chinle Formation-Continued 
Mottled strata: 

9. Clayey siltstone to sandy siltstone, 
mottled dark reddish brown (lOR 
3/4), grayish red purple (5RP 4/2), 
pale red purple (5RP 6/2) and minor 
grayish yellow (5R 8/4) and light 
greenish gray (5GY 8/1), weather
ing same colors and lighter shades, 
contains abundant subrounded to 
well-rounded medium-size grains to 
granules of clear, milky, and amber
stained quartz and sparse common 
white mica; poorly cemented, slightly 
calcareous; horizontally laminated to 
structureless. Weathers to form 
smooth steep slope continuous with 
that developed on underlying unit. 
Unit appears to represent a rework
ing of material from the Moenkopi 
Formation ............................................. . 

Total mottled strata ....................... . 

Total of Chinle Formation ............. . 

Section offset so that unit 9 and overlying units 
measu1·ed about 1¥2 ?niles east of unde1·lying units. 
Section offset ac1·oss wateT gap whe1·e Mille1· Creek 
tunts south and crosses Chinle Fo1·mation. 

Unconformity. 
Moenkopi Formation (incomplete): 

8. Fine to coarse siltstone ( 45 percent), 
and clayey siltstone to silty claystone 
(55 percent). Fine to coarse siltstone, 
light brown (5YR 6/4) to grayish 
red (lOR 4/2), minor light greenish 
gray (5GY 8/1 and 5G 8/1), weath
ers same colors; coarse fraction com
posed of rounded to well-rounded clear 
and amber-stained quartz grains and 
abundant to sparse ·white and dark
green mica; firmly to well cemented, 
calcareous; horizontally laminated 
and sparse ripple laminae of cuspate 
and parallel type and sparse small 
scours; shaly to massive splitting. 
Clayey siltstone to silty claystone, 
colors. same as in fine to coarse silt
stone, contains common dark-green 
mica; firmly to well cemented, cal
careous; horizontally thinly laminated 
to structureless; shaly and flaggy 
splitting. Unit as whole weathers to 
form steep ledgy slope. Ledges form 
on fine to coarse siltstone, and slopes 
form on clayey siltstone to silty clay
stone. Most prominent ledges are 
coarse siltstone. Unit contains two 
prominent ledges; one from 0.0 to 
27.2 ft and one from 67.2 to 87.6 ft 
above base of unit. Top half of unit is 
largely clayey siltstone to· silty clay-
stone ....................................................... . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Feet 

2.0 

2.0 

265.9 

220.8 

220.8 

Base of section; not base of exposure. 
NOTE.- Units 1-7 described in Stewart, Poole, and 

Wilson (1972). 

C-13. VERMILION CREEK 
MeasuTed between !Tish Lake and Vennilion C1·eek in S% of 

sec. 14, T. 10 N., R. 101 W., 6th PM, Moffat County 
[Measured by F. G. Poole and J. H. Stewart, September 1956] 

Top of section; not top of exposure. Feet 

Glen Canyon Sandstone: 
10. Sandstone, white (N 9) to grayish yel

low (5Y 8/4), weathering same colors 
and grayish orange (lOYR 7/4) to 
light brown (5YR 6/4), very fine to 
fine grained with abundant medium
and coarse-grained sand berries; com
posed of rounded to well-rounded 
clear, milky, and amber-stained quartz 
grains, and common feldspar and 
sparse black accessory mineral; firmly 
cemented, calcareous; horizontally 
thin to very thick bedded, common 
ripple laminae of parallel and cuspate 
type, and minor amounts of very thin 
to thin trough and planar sets of small
to medium-scale cross-laminae; flaggy 
to massive splitting. Weathers to 
form precipitous cliff. Basal 100 ft 
appears to be almost entirely fluvial. 
Rest of Glen Canyon Sandstone has 
typical large- and medium-scale cross
strata and appears to be almost 
entirely eolian ................................ Unmeasured 

Chinle Formation: 
Upper member: 

9. Sandstone, pale greenish yellow (lOY 
8/2) to grayish yellow (5Y 8/4), 
with subordinate pale yellowish green 
(lOGY 7 /2), weathering same colors 
and light brown (5YR 6/4), contains 
minor amounts of pale-green ( 5G 
7 /2) silty claystone partings; firmly 
to well cemented, calcareous; hori
zontally and wavy laminated to thin 
bedded, minor amounts of ripple lami
nae of parallel type, sparse very thin 
trough sets of low-angle small-scale 
cross-laminae; shaly, platy, to slabby 
splitting. Unit weathers to form 
recess below cliff developed in over
lying unit. Unit is very similar to 
unit 7. Upper contact is transitional 
with overlying unit ............................ 1.6 

8. Silty claystone to clayey siltstone, gray
ish red (lOR 4/2), to pale red (5R 
6/2), with minor light-olive-gray 
(5Y 6/1) mottling; firmly cemented, 
slightly calcareous; horizontally lami
nated; shaly splitting; weathers to 
form steep smooth slope........................ 3.0 

7. Sandstone, light greenish gray (5GY 
8/1), yellowish gray (5Y 8/1), gray
ish orange (lOYR 7/4), weathering 
same colors and light brown (5YR 
6/4), very fine grained, well sorted; 
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Chinle Formation-Continued 
Upper member-Continued 

composed of rounded to well-rounded 
clear and amber-stained quartz grains, 
uncommon to sparse fine to coarse 
grains of rounded to well-rounded 
feldspar and clear and amber-stained 
quartz, and sparse black accessory 
mineral (iron oxide?) ; firmly to well 
cemented, very calcareous; horizontal 
and wavy laminae to thin beds, minor 
amounts of ripple laminae of parallel 
type; platy to slab by splitting. Weath
ers to form steep ribbed slope. Upper 
contact is transitional with overlying 
unit ----------------------------------------------------------

Total upper member -----------------------

Red siltstone member: 
6. Silty claystone to clayey siltstone (50 

percent) and siltstone (50 p~rcent). 
Silty claystone to clayey siltstone, 
grayish orange (lOYR 7/4) with 
minor light-greenish-gray (5GY 8/1) 
mottling; firmly cemented, very cal
careous; structureless. This lithology 
constitutes lower half of unit. Silt
stone, moderate brown (5YR 4/4) to 
light brown (5YR 6/4), weathering 
same colors, same as upper part of 
underlying unit. This lithology con
stitutes upper half of unit. Unit as 
whole weathers to form steep smooth 
slope. Upper contact is well defined 
and sharp ----------------------------------------------

5. Silty claystone (50 percent) and clayey 
siltstone to siltstone (50 percent). 
Silty claystone, grayish red (lOR 
4/2), pale red (lOR 6/2), minor 
light-greenish-gray (5GY 8/1) mot
tling; firmly cemented, calcareous; 
structureless; breaks into sharp an
gular fragments. This lithology con
stitutes lower half of unit. Clayey 
siltstone to siltstone, pale reddish 
brown (lOR 5/4) to light brown 
(5YR 6/4), weathering same colors, 
contains common coarse silt grains 
of clear and amber-stained quartz 
and calcite crystals; firmly cemented, 
calcareous; structureless. This lithol
ogy constitutes upper half of unit. 
Unit as whole weathers to form steep 
smooth slope.--------------------------------------------

4. Limy siltstone, pale reddish brown 
(lOR 5/4) and minor light greenish 
gray (5GY 8/1), weathering same 
colors and light brown (5YR 6/4) 
and yellowish gray (5Y 8/1); firmly 
to well cemented; structureless and 
thin bedded; slab by splitting; weath
ers to form prominent ledge. This 
unit forms the only prominent ledge 
in the Chinle Formation -.---------.----------

Total red siltstone member ------------

Feet 

1.7 

6.3 

17.3 

47.5 

1.9 

66.7 

Chinle Formation-Continued 
Ocher siltstone member: 

3. Silty claystone (50 percent) and clayey 
siltstone to siltstone (50 percent). 
Silty claystone, moderate yellowish 
brown (lOYR 5/4), grayish orange 
(lOYR 7/4), pale yellowish orange 
(lOYR 8/6) to dark yellowish orange 
(lOYR 6/6), minor light-greenish
gray (5GY 8/1) and yellowish-gray 
(5Y 8/1) mottling; weathering same 
colors; composed of gray oolitic struc
tures; firmly cemented, calcareous; 
structureless. Numerous silty lime 
nodules as much as 3 in. in diameter 
occur in upper part. The silty clay
stone forms a conspicuous ocherous 
band near base of Chinle Formation. 
Clayey siltstone to siltstone, pale 
reddish brown (lOR 5/4) to light 
brown (5YR 6/4), weathering same 
colors; siltstone contains common 
coarse silt grains of amber-stained 
quartz; firmly cemented, very cal
careous; structureless. Unit as a 
whole weathers to form smooth 
gentle slope --------------------------------------------

Total ocher siltstone member -------

Gartra Member: 
2. Sandstone to pebble conglomerate, white 

(N 9), very light gray (N 8), yellow
ish gray (5Y 8/1), light greenish 
gray (5GY 8/1), light brown (5YR 
6/4), and various shades of gray 
depending on hydrocarbon content 
and various shades of yellow and 
brown because of iron-oxide staining, 
weathering same colors, very fine 
grained sandstone to pebble conglom
erate, dominant coarse sand to 
granules; well to poorly sorted with 
better sorting in very fine to 
medium-grained sand; composed of 
subangular to well-rounded clear, 
milky, and amber-stained quartz, 
common to sparse feldspar, gray chert 
and black accessory mineral, and un
common to sparse white mica; well 
to poorly cemented, noncalcareous to 
very calcareous; calcite and clay 
binding; .very thin to very thick 
trough and .planar sets of medium
and small-scale cross-laminae to thin 
crossbeds, common ripple laminae 
(parallel and cuspate types) in upper 
fourth of unit; platy to massive split
ting; weathers to form cliff. Lower 
28.5 ft of unit is very limy very 
fine to medium-grained sandstone. 
Upper few feet of unit is similar to 
basal 28.5 ft and contains abundant 
solid hydrocarbon. Pebbles are com
posed of subrounded and rounded vari
colored quartz and chert with sub
ordinate limestone and feldspar; the 

Feet 

63.7 

63.7 
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Chinle Formation-Continued 
Gartl·a Member-Continued 

limestone and chert pebbles are as 
much as 2% in. in diameter, whereas 
maximum diameter for the quartz 
and feldspar is about half as much. 
The gTanule and pebble conglom
erate is best developed in middle 
part of unit. Coarser grains are 
localized along bedding planes and 
commonly are imbricated. Many 
pebbles are disk shaped. Three silici
fied logs were noted in basal part of 
unit near line of section. Upper 
contact not well exposed ................... . 

Total Gartl·a Member ................... . 

Total of Chinle Formation ........... . 

Unconformity. 
Moenkopi Formation: 

1. Siltstone, greenish gray, weathers to 
form crusty-surfaced slope. About 50 

Feet 

109.7 

109.7 

246.4 

ft exposed ........................................ Unmeasured 

Base of section; base of good exposure. 

C-14a. STONER SECTION A 

Mcctsu?·ccl on 'IWTthwest side of Dolo?·es Rive?' canyon, 
sta1·ting at 7Join.t about 8.0 ?niles by ?'oad up canyon 
lron1. Stone?·, Colo. Line of section mostly ?W?'thwest. Sec. 
4, T. 98 N., R. 12 W., NMPM, Montezuma County 

[Measured by J. H. Stewart and R. F. Wilson, August 1955] 

Top of section; not top of exposure. Top of section Feet 

is about :x't mile N. 20o W. of ranch on south side 
of Dolores River. 

Entrada Sandstone: 
12. Sandstone, pale reddish brown (lOR 

5/4) and light brown (5YR 6/4), 
weathering grayish orange (lOYR 
7 I 4), very fine grained, from 1 to 
5 percent fine to coarse rounded red
dish-stained quartz grains, fair 
sorted; composed of subrounded red
dish-stained quartz and sparse black 
accessory mineral; firmly to well 
cemented, calcareous; stratification 
obscure in places, but appears to be 
thin to thick trough sets of small
to medium-scale cross-laminae; mas
sive splitting; weathers to form 
vertical cliff. Only basal 20 ft of unit 
examined .......................................... Unmeasured 

Dolores Formation: 
Upper member : 

1.1. Sandy siltstone to silty sandstone, pale 
reddish brown (lOR 5/4) and minor 
light brown (lOYR 6/4), weathering 
same colors, gTades from very fine 
grained sandy siltstone to silty very 
fine grained sandstone, well sorted; 
firmly to well cernented, calcareous; 
composed of horizontal laminae to 
very thick beds, rare horizontal beds 
have waviness with amplitude of 3 
in., possibly basal 10 ft of unit con
tains minor cross-strata; top 23 ft of 

472-202 0- 72 - 11 

Dolores Formation-Continued 
Upper member-Continued 

unit contains rare to abundant fine to 
coarse rounded reddish-stained quartz 
grains. A few of these grains were 
found below top 23 ft of unit; thus 
these grains do not appear to be a 
valid basis for differentiating Dolores 
from Entrada Formation in this area. 
Top of the Dolores Formation placed 
at the top of the highest siltstone. The 
Entrada contains more fine to coarse 
grains than the top part of the 
Dolores. In addition, the Entrada 
appears to be entirely cross stratified, 
although mostly of small-scale types 
near the base, whereas the Dolores 
is dominantly horizontally stratified .. 

10. Silty sandstone to siltstone, grades 
upward from silty sandstone similar 
to that in the underlying unit, to silt
stone. Siltstone, pale reddish brown 
(lOR 5/4), weathering same color; 
sparse fine-grained accessory white 
mica; firmly cemented, calcareous; 
stratification concealed. Unit as whole 
weathers to form steep rubble-covered 
slope. Parts of unit poorly exposed .... 

9. Silty sandstone, same as unit 7. 
Weathers to form ledge along line of 
section, but is covered away from 
section ..................................................... . 

8. Covered, weathers to form steep slope .. 
7. Sandstone, light brown (5YR 6/4), 

weathering same color, very· fine 
grained, silty, well sorted; composed 
of subrounded reddish-stained quartz 
and common black accessory mineral; 
firmly to well cemented, calcareous; 
composed of well-developed laminae 
that in places are horizontal, but in 
other places are inclined; laminae 
have a slight waviness that in places 
suggests ripple lamination; massive 
splitting. This splitting makes strati
fication difficult to see. Unit weathers 
to form ledge ....................................... .. 

Total of upper member exposed .. .. 

6. Covered. Unit measured along an ap
proximate N. 40° W. line for about 
2,000 ft. Unit measured across a 
prominent gully from 100 to 200 ft 
deep. Thickness of unit could be in 
error if section crossed concealed 
fault; however, no evidence of fault-
ing was seen ........................................ .. 

Middle member: 
5. Very poorly exposed claystone to silt

stone, grayish red (5R 4/2 and lOR 
4/2), weathering grayish red (5R 
4/2), siltstone contains sparse to 
common accessory white mica; strati
fication concealed; weathers to form 
steep slope; lithologic types in unit 
determined from poor exposures and 
from surface rubble .......................... .. 

155 

Feet 

69.8 

21.4 

16.8 
112.0 

42.2 

262.2 

336± 

22.4 
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Dolores Formation-Continued 
Middle member-Continued 

4. Sandy siltstone to sandstone, pale red 
(5R 6/2) and minor greenish gray 
(5GY 6/1), weathering pale red 
(5R 6/2), grades from very fine 
grained sandy siltstone to very fine 
grained sandstone; fair sorted, com
posed of subangular quartz grains 
and about 2 percent dark and green 
mica; firmly to well cemented, cal
careous; horizontally laminated to 
very thin bedded, and minor thin 
trough sets of medium-scale cross
strata, top 2 ft composed of cuspate
type ripple laminae; weathers to form 
ledge along line of section, but covered 
in most places in local area. Unit 
contains thin bed of limestone granule 
conglomerate 4 ft above base of unit. 
Limestone granule conglomerate, 
greenish gray (5GY 6/1), composed 
of rounded very coarse grains to 
pebbles of gray limestone in a limy 
silt matrix; well cemented, calcare-
ous; structureless ............................... . 

3. Mostly covered. Some poor exposures 
indicate that unit is composed of silt
stone and sparse sandstone. Siltstone 
and sandstone, light greenish gray 
(5GY 8/1) and greenish gray (5GY 
6/1), and minor grayish red ( 5R 
4/2), siltstone grading to very fine 
grained sandstone similar to that in 
underlying unit; firmly to well 
cemented, calcareous; horizontally 
laminated, cuspate-type ripple lami
nation and probably rare structure
less parts; weathers to form steep 
soil and rubble-covered slope. A few 
beds of limestone granule conglom
erate the same as that in underlying 
unit are present in lower half of 
unit; one bone fragment noted in a 
conglomerate bed ................................. . 

Total of middle member exposed ... . 

Lower member: 
2. Sandstone and limestone granule con

glomerate. Sandstone, light greenish 
gray (5GY 8/1) to greenish gray 
(5GY 6/1), grayish red (5R 4/2) 
in top 5 ft; weathering light olive 
gray (5Y 6/1), very fine grained, 
fair sorted; composed of subangular 
clear quartz and about 2 percent 
white and light-green mica; poorly to 
firmly cemented, calcareous; horizon
tally laminated to thin bedded, sparse 
thin sets of ripple laminae, cuspate 
type. Thin to thick trough sets of 
dominantly low-angle medium- to 
large-scale cross-strata form basal 23 
ft and are common in top 16 ft of 
unit. Sandstone is platy splitting in 

Feet 

16.8 

130.8 

170.0 

Dolores Formation-Continued 
Lower member-Continued 

many parts of unit. Limestone granule 
conglomerate, same fresh and weath
ering colors as sandstone; gran1,1les 
to very coarse grains of gray lime
stone; matrix of limy sand which is 
same as that in sandstone part of 
unit. Conglomerate is well cemented, 
calcareous; and is present as thin to 
very thick structureless lenses inter
stratified with rest of unit. Lime
stone conglomerate forms about 40 
percent of basal 23 ft of unit and 
is present rarely in rest of unit. 
Limestone conglomerate in basal 23 
ft contains rare granules and pebbles 
as large as 2 in. in diameter of tan 
siltstone. Unit as whole weathers to 
form a vertical cliff. This unit occurs 
extensively in the Stoner area; else
where in the Stoner area contains 
pebbles to granules of feldspar, 
quartz, and possibly some granite. 
Unit along line of section and else
where in area contains sparse to 
abundant carbonaceous material as 
flakes and as carbonized stems in the 
sandstone ............................................... . 

Total of lower member ................... . 

Total of Dolores Formation ........... . 

Cutler Formation: 
1. Silty sandstone, grayish red (5R 4/2), 

grayish blue (5PB 5/2), and yellow
ish gray (5Y 8/1), colors mottled, 
weathering same colors, fine to 
medium grained, poorly sorted; com
posed of subangular milky quartz 
and pink feldspar; poorly cemented, 
clay and silt binding; structureless, 
large-scale low-angle cross-strata 
noted in places; weathers to form 
steep slope extending from road to 
ledge-forming unit at the base of 
the Dolores Formation, about 30 ft 

Feet 

89.6 

89.6 

857.8 

of the unit is exposed .................... Unmeasured 
Base of section; base of exposure. Base of section 

at point about 8.0 miles by road east of Stoner. 
Section starts at point where basal ledge of 
Dolores is well exposed along river and at road 
level. Section starts at point 50 ft west of promi
nent fault. 

C-l4b. STONER SECTION B 
·Measured on northwest side of Dolores River canyon at point 

about 5.3 miles by road up canyon from Stoner, Colo. Line 
of section is about N. 5° W. Sec. 1, T. 38 N., R. 13 W., 
NMPM, Montezuma County 

[Measured by J. H. Stewart and R. F. Wilson, August 1955] 

Top of section; top of exposure. 
Entrada Sandstone (incomplete) : 

10. Sandstone, very pale orange (lOYR 
8/2), light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath-
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Entrada Sandstone (incomplete) -Continued 
ering same colors, very fine to fine 
grained, fair to well sorted; composed 
of subangular to subrounded clear 
quartz and abundant black accessory 
mineral; poorly to firmly cemented, 
calcareous; horizontally laminated to 
very thin bedded, medium-scale cross
stratification is commonly present 
above basal 34 ft; massive splitting, 
weathers to form vertical cliff. Parts 
of unit contain from 1 to 5 percent 
medium to coarse rounded frosted 
reddish-stained quartz. These medium 
to coarse grains occur disseminated 
in the sandstone and concentrated 
along stratification planes. Above 
basal 34 ft unit is entirely very pale 
orange (lOYR 8/2). Top 20 ft of 
unit is poorly exposed and slabby 
splitting ................................................. . 

Total of incomplete Entrada Sand-
stone ............................................... . 

Dolores Formation (incomplete) : 
Upper member (incomplete): 

9. Siltstone, pale reddish brown (lOR 
5/4) and minor light brown (5YR 
6/4), weathering same colors; firmly 
to well cemented, calcareous; struc
tureless and common horizontally 
laminated parts; weathers to form 
steep ledgy slope. From a distance 
unit has distinct horizontally strati
fied appearance. Unit from 31.6 to 
36.5 ft is a silty very fine grained 
sandstone similar to that in under
lying unit. This silty sandstone 
appears to be structureless and con
tains 1 to 5 percent fine to coarse 
sand g-rains similar to those in under
lying unit. Silty sandstone has com
mon light-greenish-gray (5GY 8/1) 
mottling along top and bottom. Top 
10 ft of unit have about 5 percent 
rounded frosted or etched milky and 
reddish-stained fine to very coarse 
quartz grains. The very coarse grains 
are angular ........................................... . 

8. Silty sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, basal half of unit contains 
from 1 to 10 percent rounded fine to 
coarse grains of clear reddish-stained 
and gray quartz, fair to well sorted; 
composed of subangular to sub
rounded clear and reddish-stained · 
quartz and common black accessory 
mineral; firmly cemented, calcareous; 
horizontally laminated to very thin 
bedded, in places laminae and beds 
have waviness with amplitude of 3 
in., laterally to line of section basal 2 
ft of unit exhibits thin trough sets 
of small- to medium-scale low-angle 

Feet 

93+ 

93+ 

51.8 

Dolores Formation (incomplete) -Continued 
Upper member (incomplete) -Continued 

cross-stratification; massive splitting; 
weathers to form vertical cliff. The 
fine to coarse grains and type of 
cross-stratification suggest that this 
unit may be closely related to the 
Wingate Sandstone. Possibly it is a 
tongue of the Wingate in the Dolores 
Forn1ation ............................................. . 

7. Sandy siltstone, same as unit 5, except 
it is horizontally laminated in basal 
5 ft and does not contain limestone 
nodules. Unit from 12.6 to 33.6 ft 
is silty sandstone or sandy siltstone 
similar to unit 4 and weathers to 
form ledge. Rest of unit weathers to 
form steep slope ................................... . 

6. Silty sandstone, same as unit 4 except 
horizontally laminated and platy 
splitting in lower half. Upper half of 
unit appears structureless in places, 
but probably has concealed horizon
tal laminations. Unit as a whole 
weathers to form steep ledgy slope 
and lateral to line of section weathers 
to form a vertical cliff in places ......... . 

5. Siltstone to sandy siltstone, grayish red 
(lOR 4/2) and light brown (5YR 
6/4), weathering same colors, sandy 
(very fine grained) in parts; firmly 
to well cemented, calcareous; struc
tureless; weathers to form steep 
slope. Unit contains a few gray lime
stone nodules as large as 3lh in. in 
diameter ................................................. . 

4. Silty sandstone, light brown (5YR 6/4), 
weathering same color, silty, very fine 
grained, well sorted; composed of sub
rounded reddish-stained quartz and 
common black accessory mineral; 
firmly cemented, calcareous, struc-
tureless; weathers to form ledge ....... . 

3. Sandy siltstone, pale reddish brown 
(lOR 5/4), weathering same color, 
sandy (very fine grained) in most 
parts but coarse siltstone in some 
parts; firmly cemented, calcareous; 
structureless, with common ( 15 per
cent) horizontally laminated parts; 
weathers to form steep slope. Unit 
contains a few layers that contain 
grayish limy nodules the size of 
granules ................................................. . 

2. Silty sandstone, light brown (5YR 6/4), 
weathering same color, silty very 
fine grained, well sorted; composed of 
subrounded reddish-stained quartz 
and common black accessory mineral; 
well cemented, calcareous; horizon
tally laminated; laminae have indis
tinct waviness that may represent 
low-amplitude ripples, faint suggestion 
of low-angle large-scale cross-strati
fication; massive splitting; weathers 

157 

Feet 

20.4 

48.4 

27.0 

34.6 

17.8 

53.0 
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Dolores Formation (incomplete) -Continued 
Upper member (incomplete) -Continued 

to form most conspicuous ledge in 
Dolores Formation. This unit is the 
same as unit 7 in Stoner section 
A······························································ 

1. Siltstone to sandy siltstone, grayish red 
(lOR 4/2), pale reddish bro·~·m (lOR 
5/4) and light brown (5YR 6/4), 
weathering same colors; firmly ce
mented, calcareous; structureless, 
minor sets of horizontally laminated 
siltstone and possibly a few sets of 
cross-stratified rock; weathers to 
form a steep slope containing some 
thick to very thick ledges. The coarser 
siltstone contains a minor amount of 
very fine grained sand and in places 
may grade to silty very fine grained 
sandstone. This coarse siltstone com
prises about 20 percent of the unit, 
and is light brown and horizontally 
laminated; it weathers to form the 
ledges in the unit. Siltstone contains a 
few limestone pebbles and limestone 
concretions with brecciated interiors. 
The angular fragments within the 
concretions are bordered with crys
talline calcite. The limestone pebble 
conglomerate is not common ............... . 

Total of incomplete upper member 

Total of incomplete Dolores Forma-
tion ...................... , .......................... . 

Base of section; base of exposure. Base of section at 
point about 5.3 miles up road from Stoner, about 
2.8 miles down road from Stoner section A. 

C-15. PARADOX VALLEY 

Feet 

42.2 

240.8 

536.0 

536.0 

Measured on a point to the south of the Dolo1·es River on the 
northeast side of Paradox Valley. Section at junction of 
the south face of the Dolo1·es River canyon with the north
east face of Pa1·adox Valley, north-central part sec. 10, 
T. 47 N., R. 18 W., NMPM, Montrose County 

[Measured by J. H. Stewart, E. M. Shoemaker, H. F. Albee, D. A. McManus, 
August 1954] 

Top of section; top of accessible exposure. 
Wingate Sandstone: 

24. Sandstone, light brown (5YR 6/4) to 
pale reddish brown (lOR 5/4), weath
ering same colors, very fine grained, 
well sorted; composed of subrounded 
clear quartz and sparse black acces
sory mineral; firmly cemented, cal
careous in parts; horizontally lami
nated and minor very thin to thin 
trough sets of small-scale cross-lami
nae; massive splitting; weathers to 
form vertical cliff. Only basal 10 ft 
of unit examined. Contact between 
Chinle Formation and Wingate Sand
stone appears to be gradational, but 
the Wingate appears to be somewhat 
coarser grained and to contain minor 
amounts of cross-stratification. Con
tact is marked by a grayish-yellow 

Wingate Sandstone-Continued Feet 

( 5 Y 8/1) color in the basal few feet 
of the Wingate. The Wingate forms 
a continuous massive cliff whereas the 
underlying Chinle forms a fractured 
and less massive cliff. Commonly the 
base of the Wingate overhangs the 
Chinle ................................................ Unmeasured 

Chinle Formation: 
Red siltstone member: 

23. Sandy siltstone to sandstone (50 per
cent) and siltstone (50 percent). 
Sandy siltstone to sandstone, light 
brown (5YR 6/4), weathering same 
color, very fine grained, well sorted; 
firmly cemented, noncalcareous; hori
zontally laminated to thick bedded, 
massive splitting. Sandy siltstone to 
sandstone is present as thin to 20-
ft-thick sets interstratified with silt
stone. Siltstone, pale reddish brown 
(lOR 5/4), weathering same color; 
rare very fine grained accessory white 
mica; well cemented, noncalcareous; 
structureless. Unit as whole weathers 
to form ledge and slope topography 
with ledges on sandy siltstone to sand
stone sets and slopes on siltstone sets. 
On the cliffs to the northwest of the 
Dolores River, this unit in most 
places weathers to form a vertical 
cliff continuous with that of the 
Wingate Sandstone. Units 21, 22, and 
23 contain lithologic rock types similar 
to those in the overlying Wingate 
Sandstone ............................................. . 

22. Siltstone, pale reddish brown (lOR 5/4) 
and sparse pale red (lOR 6/2) and 
light greenish gray (5GY 8/1), 
light greenish gray occurs as mottles, 
sandy (very fine grained) in parts; 
sparse very fine grained accessory 
white mica; poorly cemented, cal
careous; stratification concealed; 
weathers to form a steep loose slope .. 

21. Sandy siltstone, pale reddish brown 
(lOR 5/4), and minor light brown 
(5YR 6/4), weathering light brown 
(5YR 6/4), very fine grained sandy; 
sparse fine-grained accessory white 
mica; well cemented, calcareous; hori-
zontally very thin to thin bedded; 
bedding planes very even; weathers 
to form minor ledge ........................... . 

20. Siltstone (70 percent) and sandy silt
stone (30 percent). Siltstone, grayish 
red (lOR 4/2) and pale reddish 
brown (lOR 5/4), weathering same 
colors; firmly cemented, calcareous; 
structureless; weathers to form slope. 
Sandy siltstone, pale red (lOR 6/2), 
pale reddish brown (lOR 5/4) and 
light greenish gray (5GY 8/1), weath-
ering same colors, sandy (very fine 
grained) ; well cemented, calcareous. 

120.2 

26.5 

6.0 
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Chinle Formation-Continued 
Red siltstone member-Continued 

Sandy siltstone in basal 2 ft contains 
very low angle cross-strata. Rest of 
the sandy siltstone is thinly horizon
tally bedded. Sandy siltstone in basal 
2 ft contains abundant silt flakes and 
galls. Unit is highly variable along 
outcrop. To west of line of section, 
sandy siltstone becomes dominant 
lithologic type ....................................... . 

19. Sandy siltstone (50 percent) and silt
stone (50 percent). Sandy siltstone, 
pale reddish brown (lOR 5/4), weath
ering same color, sandy (very fine 
grained) ; common fine- to medium
grained accessory white and dark 
mica; firmly cemented, calcareous; 
composed of horizontal laminae to 
very thin beds and thin planar sets of 
small-scale cross-laminae; commonly 
platy to flaggy splitting. Sandy silt
stone occurs as thin to thick sets 
interstratified with the siltstone. The 
sandy siltstone is found in the lower 
two-thirds of the unit only. Siltstone, 
grayish red (lOR 4/2 and subordinate 
5R 4/2), weathering same colors, 
sparse very fine to fine-grained 
accessory white mica; firmly ce
mented, slightly calcareous; struc
tureless. Unit as whole weathers to 
form steep slope with many small 
ledg·es ..................................................... . 

18. Sandstone (80 percent) and siltstone 
(20 percent). Sandstone, pale red (5R 
6/2) and sparse light greenish gray 
(5GY 8/1) and yellowish gray (5Y 
8/1), weathering pale red (lOR 6/2), 
very fine grained, well sorted; con
tains common coarse-grained white 
and dark mica; firmly cemented, cal
careous; composed of ripple laminae 
(cuspate type); one example of 
parallel type noted, and subordinate 
thin troug·h sets of low-angle medium
scale cross-laminae. Sandstone con
tains common intervals containing 
abundant grayish-red (lOR 4/2) silt
stone pellets. Siltstone, grayish red 
(5R 4/2) and pale reddish brown 
(lOR 5/4), weathering same colors; 
common fine-gTained accessory white 
and dark mica; firmly cemented, non
calcareous; structureless. Siltstone is 
present as very thin to very thick 
lenses interstratified with the sand
stone. The content of siltstone is 
highly variable along the exposure. 
Unit as whole weathers to form most 
conspicuous ledge in Chinle Forma
tion. Top of unit placed at topo
graphic break between ledgy layers 
below and slope-forming layers above, 

Feet Chinle Formation-Continued 
Red siltstone member-Continued 

which also marks horizon where silt
stone becomes dominant upward 

17. Siltstone, same as unit 15 except for 
one thick interval of grayish red 
(5R 4/2) siltstone and for several 
thick intervals of moderate yellowish 
brown (lOYR 5/4) siltstone. Unit 
contains one horizontally very thinly 

6.4 bedded and ripple-laminated siltstone 
set about 10 ft above base. Unit con
tains sparse (2 percent) very thin to 
thin beds of siltstone containing about 
10 to 40 percent rounded medium to 
very coarse grains and granules of 
siltstone ................................................. . 

16. Siltstone, pale reddish brown (lOR 5/4) 
to light brown (5YR 6/4), weathering 
same colors, very fine grained sandy 
in parts; well cemented, calcareous; 
composed of thin to thick trough sets 
of low-angle medium-scale cross
strata, sparse horizontal very thin 
beds; weathers to form fairly con
spicuous ledge. Unit contains one thin 
lens of siltstone-grain sandstone com
posed of coarse to very coarse grains 
and minor granules of a reddish silt-
stone in a silt matrix ........................... . 

15. Siltstone, same as unit 13 except con
tains common thin beds and mottled 
areas of light greenish gray (5GY 

42.9 8/1) and grayish orange (lOYR 7/4). 
Unit contains common thin to thick 
horizontal beds. One thin bed about 
15 ft above base of unit contains 
abundant worm borings ( ?) ............... . 

14. Limestone to limestone-grain sandstone 
(calcarenite), pale red (lOR 6/2) and 
minor light gray (N 7) and light 
greenish gray ( 5GY 8/1), weathers 
light brown (5YR 6/4). Unit ranges 
in composition from dense limestone 
containing abundant remnants of 
pale-reddish-brown (lOR 5/4) silt
stone to sandstone composed of coarse 
grains to pebbles of limestone and 
siltstone in a lime matrix; well 
cemented; structureless in lower 5 
ft and crudely horizontally thinly 
bedded in top 1.2 ft; weathers to form 
nodular-weathering ledge. This unit 
contains textures difficult to in
terpret. Basal half of unit gives im
pression of having once been silt
stone and then of being saturated 
with lime so that only angular 
granule- and pebble-sized remnants of 
the siltstone remain. The top half of 
the unit, however, is composed of 
grains that appear to be detrital in 
ongm, although probably locally 
derived. No definite contact can be 
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Feet 

47.0 

70.8 

10.2 

81.4 
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Chinle Formation-Continued 
Red siltstone member-Continued 

located between these two textures, 
as one appears to grade upward into 
the other ------------------------------------------------

13. Siltstone, pale reddish brown (lOR 
5/4) and grayish red (lOR 4/2), 
weathers same colors; firmly ce
mented, slightly calcareous; strati
fication mostly concealed, sparse 
exposures indicate horizontal strati
fication planes and minor horizontal 
and ripple laminae; weathers to form 
steep loose slope. One thin bed of 
grayish-orange (lOYR 7/4) siltstone 
seen near top of unit ----------------------------

Basal sandstone unit: 
12. Sandstone and ,siltstone. Sandstone, 

pale red (lOR 6/2), grayish red 
(lOR 4/2) and minor light greenish 
gray (5GY 8/1), weathers light 
brown (5YR 6/4); consists of all 
gradations from sandstone composed 
of fine to medium grains of quartz 
and feldspar to sandstone composed 
dominantly of reddish very coarse 
grains and granules of siltstone and 
very fine grained sandstone, fair to 
poorly sorted; well cemented, inter
stitial spaces appear to be filled with 
calcite although rock effervesces only 
very slightly in acid; composed of 
very thin to thin irregular wavy 
horizontal beds and ·minor very thin 
to thin planar sets of small-scale 
cross-laminae. Bedding planes are 
bounded by silt film. Top 1.0 ft of unit 
locally is sandstone composed of 
medium to very coarse grains and 
minor granules of limestone and silt
stone in a lime matrix. Siltstone, 
grayish red (5R 4/2), weathers same; 
very fine grained sand in parts; well 
cemented, noncalcareous; structure
less. Siltstone is present from 1.3 to 
3.1 ft above base of unit. Unit as 
whole weathers to form ledge ------------

11. Sandstone, pale red purple (5RP 6/2), 
light greenish gray (5GY 8/1) and 
uncommon grayish red purple ( 5RP 
4/2) and white (N 9), weathers 
same colors, medium to very coarse 
grained, common. interstitial silt, 
fair sorted; composed of angular to 
subangular milky grains; poorly ce
mented, slightly calcareous, generally 
has no cohesion; stratification only 
rarely exposed but where seen is com
posed of horizontal laminae to thin 
beds and minor thin planar sets of 
small-scale cross-laminae; weathers 
to form steep rubble-covered slope. 
Top 1.4 ft of unit is a grayish-red
purple (5RP 4/2) siltstone containing 
minor medium to very coarse grains. 

Feet 

6.2 

81.3 

13.2 

Chinle Formation-Continued 
Red siltstone member-Continued 

Basal sandstone unit-Continued 
All except top 1.4 ft of unit contains 
a few percent of quartz granules 
and pebbles -----------------------------------·--------

Total of basal sandstone unit _______ _ 

Total of red siltstone member --------
Total of Chinle Formation _______________ _ 

Moenkopi Formation (incomplete) : 
Sewemup Member: 

10. Siltstone, grayish red (lOR 4/2) and 
minor pale reddish brown (lOR 5/4) , 
weathers same colors, common fine
grained accessory light and dark 
mica; firmly cemented, noncalcareous; 
structureless to horizontally and ripple 
laminated; weathers to form steep 
rubble-covered slope. About 10 per
cent of unit is thin sets of siltstone 
that in places grade to very fine 
grained sandy siltstone. These sets 
are mostly pale reddish brown and 
ripple laminated. Unit from 88.6 to 
93.0 ft is sandstone. Sandstone, pale 
red ( 5R 6/2) and pale reddish brown 
(lOR 5/4), weathers pale reddish 
brown (lOR 5/4), very fine to fine 
grained; firmly cemented, slightly 
calcareous, horizontally laminated, 
minor thin planar sets of small-scale 
cross-laminae. This sandstone weath
ers to form minor ledge in middle 
of unit. Unit contains a similar 
sandstone from 12 to 9 ft below top. 
Some of the finer grained grayish
red siltstone beds are very thinly 
laminated and are markedly more 
fissile than siltstone in lower mem
bers. Uppermost 2 to 3 ft of siltstone, 
mottled green gray, grayish red, and 
purple, is evidently an alteration zone 
immediately beneath the basal sand
stone of the Chinle Formation ----------

Total of Sewemup Member -----------
Total of incomplete Moenkopi 

Formation -------------------------------------
Base of section; not base of exposure. 

Units 1-9 described in Stewart, Poole, and Wilson 
(1972). 

C-16. OURAY 

Feet 

17.4 

30.6 

529.5 

529.5 

122.0 

122.0 

122.0 

Measured on east side of canyon of the Uncompahgre River 
about 6 miles no1·th of Ouray, sec. 35, T. 1,.5 N., R. 8 W., 
NMPM, Ouray County 

[Measured by J. H. Stewart and R. F. Wilson, August 1955] 

Top of section; top of exposure. Top of section is N. 
10° E. of cemetery and N. 85° E. of road with 
switchbacks on west side of canyon. 

Wanakah Formation (incomplete): 
Pony Express Limestone Member (incomplete): 

5. Limestone, medium dark gray (N 4), 
weathering same color, dense; well 
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Wanakah Formation (incomplete)-Continued 
Pony Express Limestone Member-Continued 

cemented; horizontally laminated to 
very thinly bedded; weathers to form 
small ledge. Limestone gives fetid 
odor ......................................................... . 

Total of incomplete Pony Express 
Limestone Member ....................... . 

Total of incomplete Wanakah 
Formation ..................................... . 

Entrada Sandstone: 
4. Sandstone, grayish orange ( 10 Y R 7 I 4) 

nnd very light gray (N 8), weath
ering very pale orange (lOYR 8/2), 
fine grained, fair sorted; composed of 
subangular clear and milky quartz; 
poorly cemented, calcareous; strati
fication concealed in lower 20 ft, hori
zontally laminated in about next 40 
ft (laminations in places have wav
iness with amplitude of as much as 
3 in.), rest of unit is composed of 
very thin to very thick wedge-planar 
sets of high- and low-angle small
to medium-scale cross-laminae; mas
sive splitting; weathers to form steep 
bare rock slope; sandstone contains a 
few percent of coarse to medium 
rounded quartz grains in some parts 
of unit. Top and bottom contacts 
sharp. Top 20 ft of unit poorly 
exposed ................................................... . 

Total of Entrada Sandstone ......... . 

Dolpres Formation: 
3. Siltstone, grayish red (lOR 4/2), rare 

light-greenish-gray (5GY 8/1) mot
tling; weathering pale reddish brown 
(lOR !5/4), fine to coarse silt, basal 7 
ft of unit is sandy (very fine grained) 
sparse very fine grained accessory 
white mica; firmly to well cemented, 
calcareous; horizontally thinly lami
nated to very thick bedded; weathers 
to form steep ledgy slope; ledge from 
60.5 to 64.8 ft contains minor thin 
trough sets of small- to medium-scale 
low-angle cross-laminae, and a few 
casts of mud cracks; at many places 
in unit, the siltstone contains reddish 
limy nodules that range from a few 
millimeters to 1 centimeter in diam
eter; basal 7 ft of unit contains rare 
ripple laminations of the cuspate 
type ......................................................... . 

Basal sandstone unit: 
2. Sandstone, conglomeratic sandstone to 

conglomerate, and siltstone. Sand
stone, bluish white (5B 9/1), minor 
light greenish gray (5GY 8/1), 
sparse grayish red (5R 4/2), weath
ering yellowish gray (5Y 8/1), 
medium to coarse grained, poorly to 
fair sorted; composed of subangular 

Feet 

3.2 

3.2 

3.2 

117.5 

117.5 

91.3 

Dolores Formation-Continued 
Basal sandstone unit-Continued 

milky quartz and minor pink feldspar, 
rare dark-green and white accessory 
mica; well cemented, calcareous, pos
sibly some siliceous cement; strati
fication mostly concealed or struc
tureless, common thin to very thin 
planar sets of small-scale low-angle 
cross-laminae. Conglomeratic sand
stone to conglomerate, same as sand
stone except is structureless and 
contains granules to cobbles of 
angular to rounded limestone, chert, 
quartz, feldspar, granite, gneiss, 
schist, slate, and greenstone. Con
glomeratic sandstone grades into 
sandstone. Siltstone, grayish red ( 5R 
4/2), weathering same color, firmly 
cemented, calcareous; structureless 
and horizontally laminated. The sand
stone and conglomerate parts of unit 
weather to form ledges and the silt
stone parts weather to form slopes. 
Detailed lithologic character of unit 
is as follows: 0.0 to 6.5 ft, conglom
erate to conglomeratic sandstone; 6.5 
to 11.5 ft, siltstone; 11.5 to 14.0 ft, 
conglomeratic sandstone; 14.0 to 19.5 
ft, sandstone; 19.5 to 23.5 ft, silt
stone; 23.5 to 27.0 ft, conglomeratic 
sandstone to sandstone; 27.0 to 29.0 
ft, sandstone; 29.0 to 32.5 ft, siltstone 
and minor sandstone; 32.5 to 36.5 ft, 
sandstone. Maximum cobble size is 11 
in. Granules and pebbles in upper 
half of unit are dominantly quartz. 
About 20 percent of top 4 ft of unit is 
composed of very coarse grains to 
granules of reddish siltstone. Lateral 
to line of section amount and position 
of siltstone, sandstone, and conglom
erate vary considerably. This unit is 
placed in the Dolores Formation, as 
it is similar in many respects to the 
basal unit of the Dolores at Placer
ville and because it lies immediately 
below undoubtable Dolores. This unit 
marks an abrupt change in lithology 
vertically. The base of the unit is 
sharp, and the basal strata fills scours 
cut as deep as 3 in. into the under
lying unit. The unit lies directly on 
rocks of undoubtable Cutler Forma
tion. The granules and cobbles in this 
unit are unique for the Dolores and 
are probably related to the truncation 
of the Paleozoic rock by the Dolores 
in the Ouray area as has been 
described by Cross and Howe 
(1905a) ................................................... . 

Total of basal sandstone unit ......... . 

Total of Dolores Formation ........... . 
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Feet 

36.5 

36.5 

127.8 
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Cutler Formation: Feet 

1. Siltstone (90 percent) and sandstone 
(10 percent). Siltstone, pale reddish 
brown (lOR 5/4) and grayish red 
(5R 4/2), weathering pale reddish 
brown (lOR 5/4), sandy (very fine 
grained) in parts; abundant white 
and dark mica along laminae; well 
cemented, calcareous; horizontally 
laminated to very thinly bedded, 
sparse thin trough sets of small
scale cross-laminae. Sandstone, gray
ish red (5R 4/2), weathering same 
color, fine to coarse grained, poorly 
to fair sorted; composed of sub
angular reddish-stained quartz and 
feldspar, 1 to 2 percent of dark
green mica; firmly cemented, cal
careous, some clay binding; hori
zontally laminated and thin trough 
sets of small- to medium-scale low
angle cross-laminae. Sandstone is 
present as very thin to very thick 
sets interstratified with the siltstone. 
Unit as whole weathers to form steep 
ledgy slope ----------------------------------------Unmeasured 

Base of section; not base of exposure. Base of section 
N. 5o W. of cemetery and N. 85° E. of switchback 
road up west side of canyon. 

C-17. ASPEN 
Begins N. 40° W. from first road bridge across Maroon 

Creek and about N. 33° E. from Pyramid Peak. Line of 
section trends N. 22° E. Measured about 2 miles south
west of Aspen, Colo., lat 39°10'15" N., long 106°51'45" W., 
east-central part of sec. 15, T. 10 S., R. 85 W., Pitkin 
c~n~ . 

[Measured by F. G. Poole and F. H. Spence, September 1956] 

Top of section; not top of exposure. 
Entrada Sandstone: 

7. Sandstone, grayish pink (5R 8/2), 
grayish orange pink (lOR 8/2), pale 
red (lOR 6/2), pale pink (5RP 8/2), 
and grayish orange pink (5YR 7/2), 
weathering same colors and pale 
brown (5YR 5/2) to pale yellowish 
brown (lOYR 6/2), very fine to 
coarse grained, fair to well sorted; 
composed of rounded to well-rounded 
clear, milky, and smoky quartz and 
abundant white (clay or badly weath
ered chert) and uncommon black 
accessory minerals; firmly to well ce
mented, calcareous, siliceous, and fer
ruginous cement; thin to thick planar 
and trough sets of small- and me
dium-scale (sparse large-scale) sets 
of cross-laminae to thin cross beds; 
unit contains common horizontal 
beds; slabby to massive splitting; 
weathers to form vertical cliff. Upper 
contact appears gradational with 
overlying Curtis Formation or Morri
son Formation. Most coarse grains 
occur as "berries" localized along 

Entrada Sandstone-Continued 
cross-stratum planes and scattered 
randomly in a finer matrix. The 
Entrada Sandstone appears to be 
dipping about 5o less than the under
lying Chinle Formation, which sug-
gests an angular unconformity ___________ _ 

Total of Entrada Sandstone _________ _ 

Chinle Formation: 
Red siltstone member: 

6. Siltstone to very fine grained sandstone, 
dark reddish brown (lOR 3/4), gray
ish red (lOR 4/2), pale reddish 
brown (lOR 5/4), and pale red (lOR 
6/2), minor amounts of light-green
ish-gray (5GY 8/1 and 5G 8/1), 
pale-red (5R 6/2), and pale-red
purple (5RP 6/2) mottling, minor 
amounts of yellowish-gray ( 5 Y 7/2), 
pale-yellowish-brown (lOYR 6/2), 
grayish-orange (lOYR 7/4), and 
grayish-orange-pink ( 5YR 7/2) dis
coloration in upper part of unit, 
weathering same colors, fine to coarse 
silt and very fine sand, well sorted; 
coarse silt and very fine sand is com
posed of rounded to well-rounded 
clear and amber-stained quartz and 
minor white mica; firmly to well ce
mented, very calcareous; structure
less with minor amounts of horizontal 
laminae to thick beds and ripple lami
nae; structureless part breaks into 
sharp angular fragments, the layered 
part has platy, shaly, or blocky split
ting. Unit weathers to form steep 
rubble-covered slope with more re
sistant beds weathering to rough 
ledges and vertical cliffs. Silty lime
stone masses and pebbles are scattered 
throughout unit. Upper part of unit 
contains numerous vertical and hori
zontal slightly sinuous cylindrical 
structures similar to those described 
in unit 5. Upper contact is well de
fined, sharp, and gently undulatory 
and appears unconformable --------------

5. Pebble conglomerate (60 percent) and 
limy siltstone to very fine grained 
sandstone ( 40 percent). Pebble con
glomerate, very light gray (N 8) to 
medium dark gray (N 4), grayish 
red (lOR 4/2), and pale red (5R 6/2), 
weathering same colors with domi
nant pale red (lOR 6/2), composed of 
rounded to well-rounded coarse sand 
to pebbles of silty limestone and limy 
siltstone set in a fine to coarse silt 
matrix; pebbles as much as 1 in. in 
maximum diameter; very calcareous; 
lenticular thin to thick beds; slab by 
to blocky splitting. Pebble conglom
erate constitutes lower part of unit 
and appears to channel into under-

Feet 

37.0 

37.0 

231.0 
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Chinle Formation-Continued 
Red siltstone member-Continued 

lying unit. Limy siltstone to very 
fine grained sandstone, light brown 
(5YR 6/4), grayish red (5R 4/2 and 
lOR 4/2), pale red (5R 6/2), and 
minor light gray (N 7), weathering 
same colors and pale reddish brown 
(lOR 5/4) ; very fine sand is com
posed of rounded to well-rounded 
clear and amber-stained quartz; 
firmly to well cemented, very cal
careous; horizontally laminated to 
thin bedded with common ripple lami
nae and very thin to thin trough and 
planar sets of small-scale cross-lami
nae; platy shaly, to slabby splitting. 
Limy siltstone to very fine grained 
sandstone constitutes upper part of 
unit and is present as minor very thin 
to thin beds in lower part of unit. 
Numerous clayey siltstone films on 
bedding planes and in mud crack 
fillings. Unit as whole weathers to 
form prominent rough ledge. Upper 
contact is gradational with overlying 
unit. The conglomerate part of this 
unit is the only well-developed pebble 
conglomerate composed of silty lime
stone and limy siltstone clasts in this 
section ..................................................... . 

4. Limy siltstone, grayish red (lOR 4/2), 
pale red (5R 6/2), pale reddish brown 
(lOR 5/4), minor mottling of light
greenish-gray (5GY 8/1), pale-red
purple (5RP 6/2), and pale-red 
(5R 6/2 and lOR 6/2), uncommon 
pale brown (5YR 5/2), olive gray 
(5Y 4/1), and light olive gray 
(5Y 6/1), ~ilty limestone masses and 
pebbles, weathering same colors with 
dominant pale reddish brown (lOR 
5/4) to dark reddish brown (lOR 
3/4), fine to coarse silt; composed of 
rounded to well-rounded amber
stained quartz; firmly to well ce
mented, very calcareous; structure
less, atiout 1 percent of unit is either 
horizontally laminated to thin bedded, 
composed of very thin trough and 
planar sets of small-scale cross
laminae, or composed of ripple 
laminae. Unit as whole weathers to 
form steep rubble-covered slope with 
the better cemented siltstones form
ing ledges. Basal few feet of unit is 
not well exposed. Upper contact is 
conformable with overlying unit. 
Abundant silty limestone masses and 
pebbles scattered throughout unit. 
Locally these pebbly layers form con
glomeratic beds. These conglomeratic 
beds constitute about 5 percent of 
unit and grade laterally and vertically 
into limy siltstones. Numerous verti-

Feet Chinle Formation-Continued 
Red siltstone member-Continued 

cal cylindrical structures as much as 
2 in. in diameter and a few feet 
long were noted in a few of the more 
lin1y beds ............................................... . 

Total red siltstone member ............. . 

Mottled member: 
3. Clayey and sandy siltstone, grayish red 

(5R 4/2 and lOR 4/2), minor light
greenish-gray (5GY 8/1) mottling, 
weathering same colors and pale red 
(5R 6/2); sand grains composed of 
very fine to fine rounded clear and 
amber-stained quartz; some swell
ing ( ?) clays; firmly to poorly ce
mented, noncalcareous to slightly cal
careous; appears structureless. 
Weathers to form smooth steep 
slope. Unit as whole is poorly ex
posed. Upper contact is not exposed .. 

Total mottled member ................... . 

Total Chinle Formation ................... . 

Unconformity. 
State Bridge Formation: 

2. Sandstone, light brown (5YR 6/4), 
weathering same color and darker 
shades, very fine to fine grained, 

9.3 well sorted; composed of subrounded 
to well-rounded clear and amber
stained quartz, common white and 
dark-green mica and black accessory 
minerals; firmly to well cemented, 
slightly calcareous to very calcareous; 
horizontally laminated to very thick 
bedded, some very thin to thin trough 
and planar sets of small- and medium
scale cross-laminae to very thin cross
beds; platy to massive splitting. Unit 
weathers to form steep ledgy slope 
and vertical cliff. Upper contact is 
not exposed. Base is gradational with 
underlying conglomerate bed ............. . 

1. Sandstone, conglomerate, and siltstone 
interbedded, dark reddish brown 
(lOR 3/4), grayish red (lOR 4/2), 
pale reddish brown (lOR 5/4), and 
moderate reddish brown (lOR 4/6), 
weathering same colors with dominant 
pale reddish brown (lOR 5/4). Sand
stone composed of subangular to well
rounded clear, milky, smoky, and 
amber-stained quartz and abundant 
very fine to coarse-grained white 
mica; poorly to firmly cemented, 
calcareous. Unit composed of lentic
ular layers with very thin to thick 
trough and planar sets of small- and 
medium-scale cross-strata, with hori
zontal laminae, and with beds con
taining ripple laminae of parallel and 
cuspate types; some mud-crack fill
ings. Unit weathers to form steep 
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137.4 

377.7 

35.0 

35.0 

412.7 
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State Bridge Formation-Continued Feet 

rubble-covered slope, !edgy slope, or 
vertical cliff. Cobbles are as much as 
6 in. in maximum diameter and are 
composed mainly of subrounded to 
well-rounded igneous and metamor-
phic rocks indicative of Precambrian 
source rock ...................................... Unmeasured 

Total of incomplete State Bridge 
Formation ...................................... 135.0 

Base of section; not base of exposure. 

C-18. MEEKER (OAK RIDGE) 

Measured on no'rth side of White River valley and north of 
Colorado State Highway 132 on K/K Ranch. Line of 
section is approximately due north in sees. 14 and 23, 
T. 1 S., R. 93 W., 6th PM, Rio Blanco County 

[Measured by F. G. Poole, L. G. Schultz, and C. Koteff, April, 
August 1956] 

Top of section; not top of exposure. Section ends at 
base of Curtis Formation or Morrison Formation. 

Entrada Sandstone: 
23. Sandstone, light brown (5YR 6/4) to 

moderate orange pink (5YR 8/4), 
weathering same colors; very fine to 
fine grained, well sorted; composed 
of rounded to well-rounded clear and 
amber-stained quartz grains and com
mon black accessory mineral; poorly 
to firmly cemented, calcareous; very 
thinly crossbedded, small- to large
scale trough and planar sets, num
erous horizontal very thin to thick 
beds near top of unit. Unit weathers 
to form steep slope with rounded 
ledges. Upper contact a pears to be 
conformable with the overlying Curtis 
Formation or Morrison Formation ... . 

Total of Entrada Sandstone ......... . 

Glen Canyon Sandstone: 
22. Sandstone, moderate orange pink (lOR 

7/4 and 5YR 8/4), weathers same 
color, fine grained, well sorted; 
composed of subrounded to rounded 
clear and amber-stained quartz grains, 
common black accessory mineral ; 
firmly cemented, calcareous; medium
to large-scale trough and planar sets 
of high-angle very thin to thick 
cross beds; basal few feet contain 
some horizontally thinly laminated to 
laminated layers; several pa'rallel 
asymmetrical ripple marks with very 
high ripple index (45-50) were noted 
on cross-strata planes. Unit weathers 
to form vertical cliff. Upper contact 
not exposed but placed at change in 
slope, in type of cross-stratification, 
and in nature of weathering. Separa
tion of Glen Canyon Sandstone and 
Entrada Sandstone in section is, how-
ever, uncertain ....................................... . 

Total of Glen Canyon Sandstone .... 

May, and 

Feet 

155.0 

155.0 

160.0 

160.0 

Unconformity. 
Chinle Formation: 

Red siltstone member: 
21. Coarse siltstone to very fine sand

stone, pale reddish brown (lOR 5/4), 
weathering same colors; rare scat
tered fine and medium amber-stained 
quartz grains. Very fine g1:ained 
sandstone, well sorted; composed of 
rounded to well-rounded amber
stained quartz, firmly to well 
cemented, slightly calcareous; hori
zontally thin to thick bedded with 
minor small-scale planar sets of 
low-angle cross-laminae. Unit weath
ers to form prominent vertical cliff 
below Glen Canyon Sandstone. Upper 
contact is sharp, appears slightly 
undulatory, and is an unconformity .... 

20. Fine to coarse siltstone, dark reddish 
brown (lOR 3/4), pale reddish brown 
(lOR 5/4), and grayish red (lOR 
4/2), minor pale-red (lOR 6/2). and 
light-greenish-gray (5GY 8/1 and 
5G 8/1) mottling, similar to fine and 
coarse siltstone in unit 18. Unit is 
virtually structureless except for 
minor small-scale trough sets of low
angle cross-laminae in a few of the 
more resistant beds. Unit weathers to 
form steep rubble-covered slope ......... . 

19. Pebble conglomerate, moderate brown 
(5YR 4/4), pale reddish brown (lOR 
5/4), light brown (5YR 5/6), gray
ish red (lOR 4/2). and dusky yellow
ish brown (lOYR 2/2), weathering 
dark yellowish brown (lOYR 4/2), 
pale yellowish brown (lOYR 6/2), 
light olive gray (5Y 6/1), and grayish 
red (lOR 4/2), rounded to well-round
ed limestone and siltstone granules 
and pebbles as much as 2.0 in. in the 
maximum diameter set in limy silt
stone matrix; fair sorted; well ce
mented, very calcareous; secondary 
calcite occurs as crust and as crystals 
on surface and along fractures. Only 
well-developed pebble conglomerate 
with clasts of limestone and siltstone 
noted in this section of the Chinle 
Formation. Unit weathers to form a 
ledge ....................................................... . 

18. Coarse siltstone· (90 percent) and fine 
to clayey siltstone (10 percent), 
moderate reddish brown (lOR 4/6) to 
dark reddish brown (lOR 3/4), weath
ering pale reddish brown (lOR 5/4) 
and light greenish gray (5GY 8/1), 
well sorted; composed of subrounded 
amber-stained quartz grains, mica
ceous, firmly to well cemented, 
calcareous; structureless; scattered 
limestone and siltstone pebbles noted 
near top of unit. Coarse siltstone 
beds weather to form prominent 

Feet 

32.7 

173.0 

3.5 
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Chinle Formation-Continued 
Red siltstone member-Continued 

ledges and the fine argillaceous silt
stone beds weather to form inter-
vening slopes ......................................... . 

17. Clayey siltstone, dark reddish brown 
(lOR 3/4) to grayish red (lOR 4/2), 
weathers pale reddish brown (lOR 
5/4), common rounded coarse quartz 
grains, micaceous; firmly cemented, 
calcareous; abundant lime masses in 
resistant unit near middle of unit, 
weathers to form smooth steep slope .. 

16. Covered. Probably mostly dark-reddish-
brown siltstone ..................................... . 

Total red siltstone member ........... . 

Mottled member: 
15. Claystone, dark reddish brown (lOR 

3/4) to pale reddish brown (lOR 5/4) 
with minor light greenish gray (5G 
8/1), weathers grayish red (lOR 
4/2 and 5R 4/2) and grayish red 
purple (5RP 4/2), silty, calcareous 
to slightly calcareous. Unit as whole 
weathers to form smooth deeply 
weathered slope ................................... . 

14. Sandstone to siltstone, mottled pale 
red purple (5RP 6/2), grayish red 
purple (5RP 4/2), grayish purple 
(5P 4/2), pale blue (5PB 7/2), white 
(N 9), and grayish yellow (5Y 8/4), 
weathers same colors. Sandstone is 
very fine to medium grained, silty, 
fair to poorly sorted; composed of 
subrounded clear and amber-stained 
quartz grains, common coarse to very 
coarse clear and amber-stained sub
rounded quartz grains, a few red and 
black mineral grains, most larger 
quartz grains seen were 2-3 mm in 
maximum diameter, sparse red chert 
grains as much as 6 mm in maximum 
diameter noted at top of unit; well 
cemented, calcareous, siliceous, especi
ally near top; bedding poorly defined. 
Gray, yellow, brown, and red 
secondary (?) chert beds in upper 
2-3 ft of unit, some of the chert has 
wavy laminae; chert beds average 
3-5 in. in thickness but may be as 
much as 1 ft thick. Unit weathers to 
form resistant ledge ......................... . 

13. Sandstone, mottled grayish red purple 
(5RP 4/2), grayish red (5R 4/2), 
grayish purple (5P 4/2), and very 
light gray (N 8), weathers to lighter 
shades, very fine to very coarse 
grained, lower 2 ft very silty, poorly 
sorted; composed of subangular to 
subrounded clear and amber-stained 
quartz gTains, common subangular 
quartz grains as much as 3 mm in 
maximum diameter, micaceous; fri
able, noncalcareous to very slightly 

Feet 

30.0 

26.5 

80.0 

345.7 

18.0 

Chinle Formation-Continued 
Mottled member-Continued 

calcareous; struCtureless, weathers to 
form smooth slope ............................... . 

Total of mottled member ................... . 

Total of Chinle Formation ............. . 

Unconformity. 
State Bridge Formation (incomplete) : 

Upper member (incomplete) : 
12. Siltstone (90 percent) . and sandstone 

(10 percent). Siltstone, dark reddish 
brown (lOR 3/4) and grayish red 
(lOR 4/2), weathers pale red (lOR 
6/2) and moderate reddish brown 
( 1 OR 4/6) , argillaceous, micaceous; 
firmly cemented; horizontally thinly 
laminated to very thin bedded. Sand
stone, light greenish gray (5G 8/1 
and 5GY 8/1), weathers to lighter 
shades, very fine to medium grained, 
fair sorted, composed of subrounded 
to rounded clear quartz with orange 
and black accessory minerals, abun
dant green and black mica; poorly 
cemented, calcareous, very thin bed
ded; unit as a whole weathers to 
form a smooth slope ........................... . 

Total of incomplete upper member 

Total of incomplete State Bridge 
Formation ..................................... . 

Base of section; not base of exposure. 

Units 1-11 described in Stewart, Poole, and Wilson 
(1972). 

C-19. SA WPIT 

Feet 

6.6 

41.6 

387.3 

31.0 

31.0 

31.0 

Measured on no1·th side of San Miguel Canyon directly north 
of Sawpit, sec. 7, T. 43 N., R. 10 W., NMPM, San Miguel 
County 

[Measured by J. H. Stewart, J. C. Wright, and J. S. Pomeroy, July 1955] 

Top of section; top of well-exposed section. Top of Feet 

section N. 5o E. of store at Sawpit. 
Wanakah Formation (incomplete): 

Pony Express Limestone .Member: 
23. Limestone, dark gray (N 3), weather

ing same color or medium gray (N 
5), dense, wavy bedded in very lentic
ular units 1 to 6 in. thick, a minor 
part of the unit has thin laminae........ 10.3 

22. Transition interval, sandstone same as 
17.0 underlying unit interstratified with 

very limy siltstone. Sandstone strata 
are %, in. thick to rarely as much as 
3 in. thick. Limy siltstone is dark 
gray (N 3) to medium gray (N 5), 
weathering same colors, thinly lami
nated in places, other parts structure
less. Laminae are formed by 
alternating fine dark and coarse light 
material, all within siltstone range. 
Limy siltstone strata are irregular 
and range from 0 to 1 in. in thickness. 
These siltstone strata show partial 
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Wanakah Formation (incomplete)-Continued Feet 

Pony Express Limestone Member-Continued 
disruption by later reworking. The 
unit caps cliff developed on the 
Ent:~;ada .................................................... 1.3 

Total of Pony Express Limestone 
Member .......................................... 11.6 

Total of incomplete Wanakah 
Formation ...................................... 11.6 

Entrada Sandstone: 
21. Sandstone, same as unit 20 except that 

it contains horizontal laminae and 
weathers to form vertical cliff .................... 15.1 

20. Sandstone, very pale orange (lOYR 
8/2), weathering same color, very 
fine grained, well sorted; composed of 
subangular to subrounded quartz 
grains, and about 2 percent unidenti
fiable fine-grained black mineral, 
lower 3 to 4 ft of unit contains scat
tered medium well-rounded quartz 
grains (Entrada "berries"). This 
3- to 4-ft ledge is nearly structure
less and massive splitting. Remaining 
25 ft is composed of thin trough 
sets of medium-scale low-angle cross
laminae. Most cross-stratified sets are 
6 to 18 in. thick. Exposures are only 
partial along strike, but there do not 
seem to be any persistent horizontal 
planes bounding these sets. Cross
stratification is less abundant and 
lower angle in upper 15 ft of unit. 
Unit is poorly cemented, calcareous, 
and weathers to form smooth slightly 
rounded slope. One and one-half feet 
below top of unit is the top of a 
nonpersistent chromite-bearing layer 
as thick as 6 in. A vanadium-bearing 
layer directly overlies the chromite
bearing layer and ranges in thickness 
from 0 to 3 in. It is less persistent 
than the chromite-bearing layer. 
These layers cross details of bedding. 
Galena layer could not be observed 
between the two. There is a brilliant 
yellow mineral encrusting parts of 
vanadium-bearing layer ...................... 28.5 

Total of Entrada Sandstone............ 43.6 

Contact between Dolores Formation and Entrada 
Sandstone placed at base of lowest occurrence of 
Entrada "berries." This contact appears to be at 
bedding plane, but color across boundary is 
identical. Entrada appears very slightly coarser 
than top unit of Dolores. 

Dolores Formation: 
19. Sandstone, very pale orange (lOYR 

8/2) and rare pale reddish brown 
(lOR 5/4), weathering same colors, 
very fine grained, well sorted; com
posed of subrounded clear quartz, 
no accessory minerals noted; firmly 
to well cemented, slightly calcareous; 

Dolores Formation-Continued 
structureless in parts and horizon
tally to thinly bedded in other parts, 
may be entirely horizontally laminated 
to thinly bedded; massive splitting· in 
most places; weathers to form light
colored vertical cliff. This unit and 
unit 17 may be equivalent to Wingate 
Sandstone to the west. The sandstone 
and sandy siltstone of these units 
have a similar texture to some Win
gate but do not have any Wingate-
type cross-stratification ....................... . 

18. Siltstone, moderate red (5R 4/6), weath
ering same color; noncalcareous at 
base and slightly calcareous in upper 
part; horizontally thinly laminated 
in lower 7 ft and structureless in 
upper 4 ft; weathers to rubble-cov
ered slope. Many prominent vertical 
irregular light-greenish-gray ( 5GY 
8/1) calcareous stringers about 1 in. 
wide ......................................................... . 

17. Sandy siltstone, pale reddish brown 
(lOR 5/4), weathering same color, 
ranges from very fine sandstone to 
siltstone, well sorted; well cemented, 
calcareous; horizontally laminated to 
thinly bedded; weathers to form 
vertical cliff. One thin trough set of 
medium-scale low.angle cross-laminae 
noted at base of unit ........................... . 

16. Interbedded sets of sandstone and silt
stone. Sandstone, grayish red (lOR 
4/2 and 5R 4/2), weathers same 
color or moderate red (5R 5/4), very 
fine grained sandstone grading to 
siltstone; fair sorted; firmly ce
mented, calcareous; dominantly hori
zontally laminated, minor thin trough 
sets of small-scale low-angle cross
laminae; cross-stratified sets are gen
erally 6 in. to 3 ft thick, some as 
large as 8 ft; these sets weather 
to form ledges. Siltstone, moderate 
red ( 5R 5/4), to pale reddish brown 
(lOR 5/4), weathers same colors, 
minor amounts of very fine sand 
mixed with the silt; well cemented, 
calcareous; sets in lower part of unit 
are dominantly horizontally lami
nated, sets in upper part are domi
nantly ripple laminated, both types 
are present throughout unit; weathers 
to form rubble-strewn slope covered 
by platy or angular fragments. Much 
of the pinkish color in the ripple
laminated siltstone is concentrated in 
a thin film at top of each laminae. 
Thicker coarser fraction at base is 
commonly pale red (5R 6/2). Unit 
as whole weathers to form very steep 
ledgy slope. From 36 to 43 ft above 
base of unit are thin lenses of sand
stone composed of coarse limy silt-

Feet 

28.2 

11.1 

14.2 
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Dolores Formation-Continued 
stone grains (50 percent) in a matrix 
(50 percent) of limy red silt. At 7.2 
ft below top of unit is thin bed of 
locally prominent light-greenish-gray 
(5GY 8/1) slightly silty limestone 
that weathers to yellowish gray 
(5Y 8/1). Upper % of unit contains 
a considerable number of mud-crack 
impressions. Mud chips common in 
lower 10 ft of sandstone ................... . 

15. Sandstone, pale red (5R 6/2), weath
ering moderate orange pink (lOR 
7 I 4), very fine grained, well sorted; 
composed of subangular amber-stained 
quartz, sparse medium-grained white 
mica; horizontally laminated, sparse 
medium-scale low-angle cross-strati
fication; weathers to form most promi
nent vertical cliff along line of 
section. Forms extensive cliff through
out San Miguel Canyon. Unit contains 
sparse thin discontinuous sets of pale
reddish-brown (lOR 5/4) horizontally 
laminated siltstone which weathers to 
form small reentrants. Unit is litho
logically very similar to units such 
as the so-called Black Ledge in Utah .. 

14. Siltstone, grayish red (lOR 4/2 and 
5R 4/2), weathering same color and 
pale reddish brown (lOR 5/4); sparse 
fine-grained white mica; well ce
mented, calca1·eous; structureless, 
horizontally laminated and ripple 
laminated, sparse small-scale trough 
cross-stratification; platy splitting in 
pai:t and massive in other parts; 
weathers to form steep sl<?pe; unit 
contains about 5 percent limestone 
pebble conglomerate and limestone
grain sandstone; this conglomerate 
and sandstone is similar to that in 
unit 11 and is present as very thin to 
thin horizontal beds or lenses inter
stratified with the siltstone. To west 
of section unit contains sets of large
scale cross-stratification. Basal strata 
of these sets fill channels cut about 
4 ft into underlying strata ................. . 

13. Siltstone to sandstone, pale reddish 
brown (lOR 5/4) and grayish red 
(5R 4/2), weathering pale red (5R 
6/2), siltstone to very fine grained 
sandstone; common medium-grained 
white mica; well cemented, calcare
ous; horizontally laminated to thin, 
bedded; weathers to form vertical 
cliff ......................................................... . 

12. Siltstone, same as unit 10 except con
tains some suggestion of horizontal 
bedding, contains a light-greenish
gray (5GY 8/1) siltstone with about 
40 percent coarse rounded grains of 
limestone. This siltstone bed contain
ing coarse grains is about 3 in. thick 

Feet Dolores Formation-Continued 
and lenticular and lies about in the 
middle of the unit ............................... . 

11. Conglomerate and siltstone. Conglom
erate, pale reddish brown (lOR 5/4) 
and yellowish gray (5Y 8/1) weath
ering pale reddish brown (lOR 5/4); 
subrounded granules to cobbles of red
dish siltstone and grayish limestone. 
Largest cobble is 5 in. long and is 

149.6 reddish siltstone. Matrix is limy silt. 
Conglomerate is well cemented (cal
careous) and composed of thin to 
thick horizontal beds. Siltstone, pale 
reddish brown (lOR 5/4), weathering 
same color; well cemented, calcare
ous; horizontally laminated. Unit as 
a whole weathers to form a ledge. 
Siltstone is present as thin sets 
interstratified with conglomerate ..... . 

10. Siltstone, pale reddish brown (lOR 
5/4) and grayish red (lOR 4/2), 
weathering to same colors; well ce
mented, slightly calcareous; struc
tureless; fractures into angular frag-
ments, weathers to form slope ........... . 

9. Siltstone, pale reddish brown (lOR 5/4), 
57.0 weathering same color, grades to 

very fine gTained sandstone; firmly to 
well cemented, calcareous; poorly de
veloped stratification, dominantly 
horizontally l~minated to thin bedded, 
minor small-scale cross-stratification 
and large shallow channel surfaces; 
weathers to form ledge. Basal 3 ft 
of unit is light-brownish-gray (5YR 
6/1) cross-stratified coarse-grained 
sandstone ............................................... . 

8. Unit poorly exposed but appears to 
be mostly siltstone. Siltstone, pale 
reddish brown (lOR 5/4) and grayish 
red (lOR 4/2), weathering same 
colors; grades to very fine grained 
sandstone, common coarse white and 
dark mica; poorly cemented, slightly 
calcareous; horizontally laminated, 
minor ripple laminae and cross-strati-
fication; weathers to form slope ....... . 

72.6 Basal sandstone unit: 
7. Sandstone, very light gray (N 8) and 

yellowish gray ( 5 Y 8/1), weathering 
yellowish gray (5Y 8/1), coarse to 
very coarse grained, fair sorted; 
composed of subangular milky and 
clear quartz, common interstitial 
white clay; poorly cemented, slightly 
calcareous, siliceous in parts; strati-

20.7 fication poorly developed but appears 
to be structureless in parts, horizon
tally laminated, and sparse low-angle 
cross-strata; weathers to form ledge. 
Unit forms conspicuous widely dis
tributed light-colored ledge through
out San Miguel Canyon. Unit con
tains sparse granules and pebbles as 
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Dolores Formation-Continued 
Basal sandstone unit-Continued 

large as 1 in. in diameter of quartz 
and quartzite. Unit has abundant 
limonite stain ----------------------------------------

Total of basal sandstone unit --------
Total of Dolores Formatio-:1 ........... . 

Cutler Formation: 
6. Poorly exposed, outcrops of about half 

the unit along the line of section and 
more complete outcrops 500 ft west of 
line of section indicate unit is mostly 
siltstone. Siltstone, pale reddish 
brown (lOR 5/4) and grayish red 
(lOR 4/2 and 5R 4/2), weathering 
same colors; well cemented, cal
careous; structureless, minor poorly 
developed horizontal bedding; weath
ers to form steep rubble-covered 
slope. Unit contains a thick unit of 
massive medium-grained sandstone 
near base ------------------·------------------------------

5. Siltstone (30 percent) and sandstone 
(70 percent). Siltstone, grayish red 
(lOR 4/2), weathering same color; 
well cemented, calcareous; struc
tureless and horizontally laminated 
in parts. Sandstone, grayish red ( 5R 
4/2), sparse grayish red purple (5RP 
4/2), weathering same color, very 
fine grained; composition masked, 
common medium-grained white mica; 
well cemented, calcareous; horizon
tally laminated to very thin bedded 
and minor poorly developed thin 
trough sets of small- and medium
scale low-angle cross-laminae, sparse 
ripple laminae; weathers to form 
vertical cliff near base and ledgy slope 
near top. A way from line of section 
unit is in places entirely !edgy slope .. 

4. Sandstone, greenish gray (5GY 6/1), 
weathering same color and pale red
dish brown (lOR 5/4), very fine 
to medium-grained, sparse coarse
grained parts near base, fair sorted; 
composed of subangular clear and 
milky quartz and minor pink and 
white feldspar; well cemented, cal
careous; composed of very thin hori
zontal beds and minor thin trough 
sets of medium-scale low-angle cross
laminae; weathers to form vertical 
cliff which is in most places continu
ous with that of the overlying unit; 
3-in.-thick reddish siltstone in middle 
of unit ----------------------------------------------------

3. Siltstone to very fine gr~ined sandstone, 
grayish red (lOR 4/2), weathering 
same color; sand is composed of sub
angular milky quartz ( '!), abundant 
dark and white mica; firmly ce
mented, slightly calcareous; struc
tureless, some horizontally laminated 

Feet 

16.9 

16.9 

473.5 

34.4 

46.4 

5.3 

Cutler Formation-Continued Feet 

parts; weathers to form steep rubble-
covered slope -·---------------------------------------- 12.5 

2. Sandstone to conglomeratic sandstone, 
pale red (5R 6/2) and very pale 
orange (lOYR 8/2), weathering same 
colors; medium to very coarse grained, 
fair sorted; composed of subangular 
to angular clear quartz and pink and 
white feldspar; granules to pebbles 
as large as 2 in. in diameter of 
gneiss, quartzite, quartz, and schist; 
firmly to well cemented, calcareous; 
composed of very thin horizontal beds 
and minor thin trough sets of 
medium-scale low-angle cross-lami
nae; weathers to form conspicuous 
ledge. Unit is highest typical con
glomeratic bed of the Cutler Forma
tion. Basal strata fill scours cut as 
much as % ft into underlying unit ____ 13.4 

1. Siltstone, grayish red (lOR 4/2), weath
ering same color, contains about 5 
percent medium to coarse quartz 
grains; firmly cemented, calcareous; 
stratification concealed; weathers to 
form slope. Only top 2 ft ex-
amined ----------------------------------------------Unmeasured 

Total of incomplete Cutler Forma-
tion -------------------------------------------------- 112.0 

Base of section; not base of exposure. Section starts 
N. 15° E. of store at Sawpit. 

NEVADA 
N-1. HORSE SPRING VALLEY 

Measu-red in Hm·se Spring Valley east of Tramp Range about 
2 miles north of Horse Sp'ring and 3 miles south of Mud 
Well; line of section averages about N. 60° E. (including 
offsets), in or near sec. 12 (unsurveyed), T. 18 S., R. 70 
E., MDM, Cla'rk County 

[Measured by J. H. Stewart, R. F. Wilson, and W. Thordarson, November 
1955] 

NOTE.- This section was measured in an area containing 
many small faults, and some of the unit thicknesses may 
be in error because of concealed faults. 

Top of section; top of exposure. Top of section is Feet 

N. 61 o E. of base of section. 
Aztec Sandstone : 

36. Sandstone, light brown (5YR 6/4) to 
pale reddish brown (lOR 5/4), weath
ering same colors, very fine grained, 
sparse fine to coarse grains, well 
sorted; composed of subrounded to 
rounded clear and reddish-stained 
quartz and common black accessory 
mineral; poorly cemented, slightly 
calcareous; composed of thick to very 
thick planar sets of medium-scale 
high-angle cross-laminae; weathers to 
form low rolling hills. Only basal 50 
ft of unit examined. A mile to the 
north, this unit is about 1,000 ft 
thick . _____ ------------- ... ----------------------------Unmeasured 



STRATIGRAPHIC SECTIONS-NEVADA 

Probable equivalents of Moenave and Kayenta For
mations: 

35. Siltstone to sandstone, pale reddish 
brown (lOR 5/4) and minor light 
brown ( 5 Y R 6/4) , grades from coarse 
silt in basal half to very fine grained 
sand in upper half, fair sorted; 
sand is composed of subrounded to 
rounded reddish-stained quartz and 
common black accessory mineral; 
poorly to well cemented, noncalcare
ous; stratification appears to be com
posed of irregular wavy horizontal 
laminae; weathers to form ledge ....... . 

34. Sandstone ( 65 percent) and siltstone 
(35 percent). Sandstone, pale red 
(5R 6/2) to grayish red (5R 4/2), 
weathering same colors, very fine to 
coarse grained, silty, poorly to fair 
sorted; composed of subangular red
dish-stained and milky quartz; firmly 
to poorly cemented, noncalcareous; 

·horizontally laminated to thick bedded 
and common thin to thick trough sets 
of medium-scale low-angle cross-lami
nae. Siltstone, pale reddish brown 
(lOR 5/4), weathering same color, 
fine to coarse silt, minor very fine 
grained sand in parts; common 
coarse-grained accessory dark-green 
mica; firmly cemented, noncalcareous; 
horizontally laminated to thick bed
ded. Siltstone is present as thin to 
very thick sets interstratified with 
sandstone. Unit as whole weathers to 
form low rolling hills. Middle part of 
unit covered by wash ......................... . 

33. Siltstone (95 percent) and gypsum 
( 5 percent). Siltstone, same as silt
stone in underlying unit. Gypsum, 
white (N 9), weathering same color, 
mostly fibrous. Gypsum present as 
laminae to very thin beds and as 
seams in siltstone. Unit as whole 
weathers to form rolling hills. Unit 
probably contains a few sandstone 
beds in top 100 ft similar to those in 
overlying unit, but due to poor ex
posures their position cannot be 
located. Unit contains in basal 100 
ft a few limestone beds similar to 
those in underlying unit ................... . 

32. Siltstone (75 percent) and siltstone to 
sandstone (25 percent). Siltstone, 
grayish red (5R 4/2), weathering 
pale reddish brown (lOR 5/4), grades 
from fine to coarse silt, very fine 
grained sandy in part; firmly ce
mented, noncalcareous, clay binding; 
horizontally thick to very thick bed
ded. Siltstone to sandstone, grayish 
red (5R 4/2), weathering same color, 
grades from coarse silt in part to 
medium-grained sandstone in part; 

Feet Probable equivalents of Moenave and Kayenta For-
mations-Continued 

fair sorted. Sandstone is composed of 
subangular to angular clear and milky 
quartz and 1 or 2 percent dark-green 
mica. Siltstone to sandstone is poorly 
to well cemented, calcareous; hori
zontally laminated (30 percent) to 
ripple laminated (20 percent) and 
50 percent thin trough sets of me
dium-scale low-angle cross-laminae. 
Unit as whole weathers to form low 
hills with small ledges on siltstone 

15.0 and sandstone parts. Siltstone to 
sandstone present as thin to very 
thick sets interstratified with silt
stone. Unit contains sparse very thin 
gypsum beds (2 percent) and seams. 
Unit contains a few thin beds of pale
yellowish-brown (5YR 6/2) limestone 
(1 percent) ........................................... . 

31. Silty sandstone to conglomeratic sand
stone, grayish red ( 5R 4/2) and 
abundant light-greenish-gray (5GY 
8/1) mottling, weathering same 
colors, fine to coarse grains in a silt 
matrix, poorly sorted; composed of 
reddish-stained clear and milky 
quartz; poorly to firmly cemented, 
calcareous; stratification concealed; 
weathers to form small ledges. Unit 
contains disseminated granules to 
cobbles of quartzite, chert, and 
quartz. The cobbles reach a maximum 
long diameter of 5 in. Many of the 
pebbles and cobbles have pitted sur-

215.2 faces, and some have several flat and 
pitted surfaces and may be venti
facts. This unit is considered part of 
the probable equivalents of the 
Moenave and Kayenta Formations be
cause of its stratigraphic position and 
the similarity of the conglomerate to 
basal conglomerates of the Moenave 
Formation elsewhere .......................... .. 

Total of probable equivalents of 
Moenave and Kayenta Forma-
tions ............................................... . 

Chinle Formation: 
Petrified Forest Member: 

30. Mostly covered. Basal 72 ft is about 50 
436.1 percent exposed and is composed of 

grayish-red-purple (5RP 4/2) sand
stone and siltstone. Sandstone, fine 
grained, clayey, poorly sorted, and 
firmly cemented, noncalcareous. The 
composition is masked and the strati
fication concealed. The unit from 72 to 
288 · ft contains a few exposures of 
pale-red-purple (5RP 6/2) claystone 
to siltstone. The unit from 288 to 324 
ft is entirely exposed and composed 
of silty claystone. Silty claystone, 
grayish red purple (5RP 4/2) and 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

minor moderate red (5R 5/4), weath
ering pale red purple (5RP 6/2) ; 
bentonitic; poorly cemented, noncal
careous; and stratification concealed. 
Silty claystone contains about 5 per
cent white (N 9) gypsum. Gypsum 
is present as regular nodules. Unit as 
whole weathers to form low rounded 
hills. Unit contains some limestone 
nodules at the base of about the 
upper third of the unit ....................... . 

29. Sandstone, yellowish gray (5Y 8/1), 
pinkish gray (5YR 8/1), and minor 
grayish purple ( 5R 4/2), weathering 
same colors, medium to coarse 
grained, minor fine-grained parts, 
some interstitial clay, poorly sorted; 
composed of subangular clear and 
milky quartz and 10 percent orange 
mineral, common coarse-grained ac
cessory dark-green mica; poorly ce
mented, noncalcareous; horizontally 
laminated, possibly some very low
angle cross-laminae; weathers to 
form low ridge. Unit is only exposed 
along line of section ........................... . 

28. Silty claystone to siltstone, grayish red 
(lOR 4/2 and 5R 4/2), greenish 
gray (5GY 6/1) and medium gray 
(N 5), color variegated, weathering 
light greenish gray (5GY 8/1) and 
pale red purple (5RP 6/2); benton
itic; poorly to firmly cemented, non
calcareous; stratification concealed; 
weathers to form low rounded hills. 
Unit contains minor amounts of fine-
grained clayey sandstone ................... . 

27. Sandstone, grayish red purple (5RP 
4/2, grayish-red (5R 4/2) and abun
dant light-greenish-gray (5GY 8/1) 
mottling, weathering same colors, me
dium to coarse grained, poorly sorted; 
composed of angular to subangular 
clear and milky quartz, composition 
partly masked; poorly cemented, cal
careous in parts, clay binding; 
stratification concealed, possibly hori
zontally laminated in part; weathers 
to form low partly covered hill. Sand
stone contains some clay and minor 
amounts of very coarse sand. A few 
scattered granules to pebbles as large 
as 2 in. in diameter of quartz, quartz-
ite, and chert are present ................. . 

26. Silty claystone to siltstone (80 per
cent) and clayey to silty sandstone 
(20 percent). Silty claystone to silt
stone, grayish red (5R 4/2), grayish 
purple ( 5P 4/2), light greenish gray 
(5GY 8/1), and greenish gray (5GY 
6/1), weathering same colors, clay 
to coarse silt; bentonitic clays, com
mon accessory light- and dark mica; 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

firmly cemented, noncalcareous; strati
fication concealed. Clayey to silty 
sandstone, light greenish gray (5GY 
8/1), like sandstone of underlying 
unit. Unit as a whole weathers to 
form low, partly covered hills. Sand
stone occurs as thin to thick sets 
interstratified with siltstone. One 
thick set of sandstone forms a ledge 
84.0 ft above base of unit ........... . 

324.0 25. Sandstone to clayey sandstone (95 
percent) and conglomeratic sandstone 
( 5 percent) . Sandstone to clayey 
sandstone, pale red purple ( 5RP 
6/2) with sparse light greenish 
gray (5GY 8/1), greenish gray 
(5GY 6/1) and grayish red (lOR 
4/2), weathers same colors and 
light brownish gray (5YR 6/1), 
fine to coarse grained, fair to poorly 
sorted with as much as 15 percent 
clay matrix; composed of angular to 
subangular clear, milky, and reddish
brown quartz and orange chert with 
abundant accessory light and dark 

17.0 mica and dark mineral; well to poorly 
cemented, calcareous in part, clay 
binding; stratification largely con
cealed, but some horizontal laminae 
and beds and some thin to thick 
planer and trough sets of low-angle 
cross-laminae. Conglomeratic sand
stone, like sandstone except contains 
granules to pebbles of chert and 
quartz. Unit as whole weathers to 
form partly covered hill and slope. 

151.0 Several thin to thick sets of relatively 
well sorted fine-grained sandstone 
which is well cemented with calcite 
and cross laminated in planar sets 
and forms thin ledges near base of 
unit. This unit differs from unit 24 
in color, a poorer sorting, and a high-
er clay content ................................... . 

Total of Petrified Forest Member 

Shinarump(?) Member: 
24. Sandstone (80 percent) and con

glomeratic sandstone to conglomerate 
(20 percent). Sandstone, white 
(N 9) and grayish orange (lOYR 
7/4), weathering same colors and 
pale yellowish orange (lOYR 8/6, me-

42.5 dium to coarse grained, fair to well 
sorted with some clay matrix; com
posed of subangular to subrounded 
clear and yellowish-stained quartz 
with common to abundant accessory 
dark mica and dark and orange 
mineral; firmly cemented, calcareous 
in part, clay binding; stratification 
largely obscured, but some thin to 
thick trough sets of low-angle medi-

Feet 

126.0 

92.0 

752.5 
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Chinle Formation-Continued 
Shinarump ( ?) Member-Continued 

urn-scale cross-laminae and some 
horizontal laminae. Conglomeratic 
sandstone to conglomerate, similar to 
sandstone except it contains granules 
to pebbles of black, orange, and gray 
chert, quartzite, and white quartz. 
The conglomeratic sandstone to con
glomerate is present as thin sets 
interstratified with the sandstone. As 
a whole, the unit weathers to form 
part of valley floor with several 
protruding sandstone ledges. Unit 
contains common fragments of silici-
fied wood ................................................. . 

Total of Shinarump ( ?) Member ... . 

Total of Chinle Formation ............. . 

Moenkopi Formation (incomplete): 
Upper red member (incomplete): 

23. Silty to sandy claystone to clayey sand
stone. Silty to sandy claystone, 
greenish gray (5GY 6/1), light green
ish gray (5GY 8/1), and minor pale 
purple (5P 6/2), weathers light 
greenish gray, contains varying 
amounts of very fine sand and silt 
grains, grades to siltstone and sand
stone; clays are apparently bentonitic 
and swell when wet; well cemented, 
noncalcareous; stratification con
cealed. Clayey sandstone, light green
ish gray (5GY 8/1) with minor 
pale-red-purple (5RP 6/2) mottling, 
weathers same colors, very fine 
grained, fair to poor sorting with clay 
matrix approximately 25 percent; 
composition mostly concealed but 
where seen it consists of subrounded 
quartz and possibly some lime
stone grains; firmly to poorly ce
mented, noncalcareous; stratification 
concealed. Unit as whole weathers to 
form covered slope with poor expo
sures below ledge of Shinarump ( ?) 
Member. The lithology of this unit is 
much more similar to that of the 
overlying units of the Chinle Forma
tion than to that of underlying units 
of the Moenkopi Formation, and, 
therefore, the unit could be part of 
the Chinle Formation ........................... . 

NOTE.- Units 23-25 measured at northern
most good exposures of the Moenkopi and 
Chinle Formations. 

22. Siltstone, grayish red (lOR 4/2), 
weathers same color, medium size silt 
grains; common accessory white 
mica; firmly cemented, calcareous in 
part, clay binding; stratification con
cealed; weathers to form part of 
slope between unit 21 and the Shinar
ump ( ?) Member of the Chinle For-
mation ..................................................... . 

472-202 0- 72 - 12 

Feet 

28.7 

28.7 

781.2 

8.0 

12.3 

Moenkopi Formation (incomplete)-Continued Feet 

Upper red member (incomplete)-Continued 
21. Calcarenite, similar to unit 19 except 

is coarser grained with sparse quartz 
and granules to pebbles of limestone; 
weathers to form small ledge.............. 4.5 

20. Siltstone, light brown (5YR 6/4) and 
grayish red (lOR 4/2), weathers 
same colors, medium to coarse silt, 
sandy (very fine grained) in part, 
abundant very fine grained accessory 
white mica; poorly to firmly ce
mented, calcareous; stratification 
concealed; weathers to form slope be
tween ledges of underlying and over-
lying unit ................................................ 14.3 

NOTE.- Offset at top of unit 19 so that 
overlying units were measured 2,000 ft 
northeast of unit 19. 

19. Calcarenite, grayish yellow green (5GY 
7 /2), weathers olive gray (5Y 4/1), 
fine to medium grained with scat
tered coarse grains and granules of 
limestone, fair sorted; composed of 
rounded to subrounded grains of 
limestone and lesser amounts of 
quartz with common accessory white 
mica; well cemented, calcareous; hor
izontally very thin bedded; weathers 
to form small ledge in valley floor. 
Unit contains about 3 in. of limestone 
and siltstone pebble conglomerate at 
base .......................................................... 3.0 

18. Siltstone, type 1 (85 percent) and type 
2 (10 percent), and gypsum (5 per
cent). Siltstone, type 1, pale reddish 
brown (lOR 5/4), moderate brown 
(lOYR 4/4), and grayish red (lOR 
4/2), weathers pale reddish brown 
( 1 OR 5/4) , fine silt; sparse very fine 
grained accessory white mica; poorly 
to firmly cemented, calcareous in 
parts; horizontally thinly laminate to 
very thick bedded. Siltstone, type 2, 
pale reddish brown (lOR 5/4), gray
ish red (lOR 4/2), minor grayish 
orange (lOYR 7/4), and sparselight 
greenish gray (5GY 8/1); weathers 
same colors; medium to coarse silt, 
sandy (very fine grained) in a few 
layers; common very fine grained ac
cessory white mica; well cemented, 
calcareous; ripple laminated, minor 
horizontal laminae. Gypsum, white 
( N 9) , weathers same color; fibrous; 
firmly cemented; present as horizon
tal laminae to very thin beds inter
stratified with siltstone. Siltstone 
type 2 is present as thin to thick sets 
interstratified with siltstone (type 
1), and is found predominantly in 
basal 240 ft of unit. Unit as a whole 
weathers to form low hills.................... 658.7 

Total of incomplete upper red mem-
ber .................................................... 692.8 
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Moenkopi Formation (incomplete)-Continued 
Upper red member (incomplete)-Continued 

Total of incomplete Moenkopi For-
mation ............................................. . 

Base of section; not base of exposure. 

Units 1-17 described in Stewart, Poole, and Wilson 
(1972). 

N-2. SPRING MOUNTAINS 

Feet 

692.8 

Measu1·ed 20 miles west-southwest of Las Vegas, Nev., on 
east side of Spring Mountains 9 miles north of Potosi 
Mountain, sees. 27 and 28, T. 21 S., R. 58 E., MDM, Clark 
County 

[Measured by J. H. Stewart and R. F. Wilson, November 1955] 

Top of section; top of accessible exposure. Top of Feet 

section is N. 53o W. of buildings of Blue Diamond 
Co. and N. 85° W. of northernmost road on pros-
pects of the Blue Diamond Co. 

Aztec Sandstone : 
24. Sandstone, white (N 9) and yellowish 

gray (5Y 8/1), weathering same col
ors, fine grained with 5 percent me
dium to coarse grains, well sorted; 
composed of rounded to subrounded 
clear and frosted quartz and minor 
dark accessory minerals; poorly to 
firmly cemented; slightly calcareous; 
composed of thin to thick tabular 
and wedge-planar sets of medium- to 
large-scale high- and low-angle cross
laminae; weathers to form vertical 
cliff. Only basal 20 ft of unit ex-
amined .............................................. Unmeasured 

Probable equivalents of Moenave and Kayenta For
mations: 

23. Sandstone and silty sandstone, white 
(N 9), pinkish gray (5YR 811), mot
tled to pale reddish brown (lOR 514), 
grayish red ( 5R 412) , and pale red 
(5R 612), weathering same colors, 
fine to very fine grained, minor silt 
in parts, well sorted; composed of 
rounded to subangular clear, frosted, 
and pinkish-stained quartz with un
common dark and orange accessory 
minerals; horizontally laminated to 
very thin bedded, but from 0.0 to 6.1 
ft and 24.6 to 33.3 ft above base con
tains common thin to thick planar 
sets of high- and low-angle small- to 
medium-scale cross-laminae; weathers 
to form irregular ledgy cliff. This unit 
marks the highest horizontally lam
inated strata in section and marks 
the top of the probable equivalent of 
Kayenta Formation .............................. 41.3 

22. Sandy siltstone to silty sandstone, pale 
reddish brown (lOR 514) with minor 
parts of pale red ( 5R 612), light 
greenish gray (5GY 811), white (N 
9), and grayish red (5R 412), weath
ering same colors, grades from 
coarse silt to very fine grained sand, 

Probable equivalents of Moenave and Kayenta For-
mations-Continued 

mostly sandy siltstone in lower 80 ft, 
well sorted; composed of subangular to 
subrounded clear and reddish-stained 
quartz; firmly cemented, slightly cal
careous; horizontally wavy lami
nated, and minor very thin to 
thin-bedded parts; weathers to form 
irregular ledgy cliff. Base of unit is 
transitional with top of underlying 
unit ......................................................... . 

21. Sandy siltstone to silty sandstone, like 
unit 19 except contains more wavy 
laminated parts and has no pale-red 
(lOR 612) parts; weathers to form 
slope. From 2.3 to 4.9 ft above base 
unit contains a thick set of siliceou~ 
silty sandstone that contains numer
ous veinlets of chert crosscutting 
bedding planes ....................................... . 

20. Sandstone, white (N 9), pinkish gray 
(5YR 811), minor moderate orange 
pink (lOR 7 I 4), minor pale-purple 
(5P 612) mottling, weathering very 
light gray (N 8), fine grained with 
lesser very fine grained parts, well 
sorted; composed of rounded to sub
rounded clear, frosted, and subordi
nate reddish-stained quartz and 
uncommon ·dark accessory mineral; 
firmly cemented, slightly calcareous; 
composed of thin to very thick tabu
lar- and minor wedge-planar sets of 
small- to medium-scale high- and low
angle cross-laminae; weathers to form 
vertical cliff. This unit is similar in 
lithology to the Aztec Sandstone and 
may represent a tongue of the Aztec .. 

19. Sandy siltstone to silty sandstone, pale 
reddish brown (5R 514) with minor 
mottling of light greenish gray (5GY 
811), minor pale red (lOR 612) in 
upper 30 ft, weathering same colors, 
grades from coarse silt to fine
grained sand, most of unit is prob
ably sandy siltstone, well sorted; 
composed of subangular to rounded 
clear and reddish-stained quartz and 
minor dark accessory miner.al; firmly 
cemented, slightly calcareous; in. part 
horizontally very thin bedded to lam
inated, in part wavy bedded, some 
bedding planes have slight irregular 
waviness suggestive of poorly devel
oped ripple marks; weathers to form 
steep ledgy slope. Upper 30 ft of unit 
weathers to form an irregular ledge .. 

18. Sandstone, moderate orange pink (lOR 
7 I 4) and minor pale reddish brown 
(lOR 514), weathering same colors, 
very fine grained, silty in part, well 
sorted; composed of rounded to sub
rounded clear, frosted ( ?) and red-

Feet 

116.7 

69.6 

50.0 

66.0 
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Probable equivalents of Moenave and Kayenta For-
mations-Continued 

Feet Probable equivalents of Moenave and Kayenta For
mations-Continued 

dish-stained quartz and minor dark 
accessory minerals; firmly to well ce
mented, slightly calcareous; horizon
tally laminated in part, in part 
composed of thin to thick planar sets 
of small- to medium-scale low-angle 
cross-laminae; weathers to form or-
ange-colored ledge ................................ 11.0 

17. Siltstone to sandy siltstone, pale red
dish brown (lOR 5/4) and grayish 
red (5R 4/2 and lOR 4/2) and minor 
grayish brown (5YR 3/2) near base 
of unit, very minor mottling to light 
greenish gray (5GY 8/1) in places, 
weathering same colors, medium to 
coarse silt, contains as much as 20 
percent very fine to fine sand grains 
in places; firmly to well cemented, 
calcareous; horizontally laminated to 
very thick bedded with majority of 
stratification apparently thick bed
ded; weathers to form steep rubble
covered slope. Unit contains about 1 
to 2 percent thin to thick sets of 
silty very fine grained sandstone in
terstratified with siltstone to sandy 
siltstone. Unit contains two sets of 
calcarenite from 37.1 to 41.5 ft and 
63.7 to 65.3 ft above base of unit. 
Calcarenite is light brownish gray 
(5YR 6/1) and is apparently com
posed of rounded greenish-gray ( 5GY 
6/1) medium to very coarse grains and 
granules of limestone and minor silt
stone; well cemented; horizontally 
thin to thick bedded; weathers to 
form ledges. Upper 30 ft of unit is 
composed of pale-reddish-brown (lOR 
5/4) to moderate-reddish-orange (lOR . 
6/6) sandy siltstone to very fine 
grained sandstone that is horizontally 
laminated to wavy bedded and weath-
ers to form a ledgy slope.................... 449.1 

16. Sandstone, same as that in unit 14 ex
cept is fine to very fine grained, is 
entirely thin to thick bedded, and 
does not contain granules to pebbles. 
Contains some claystone pellets. 
Weathers to form uppermost of two 
black ledges at base of probable 
equivalents of Moenave and Kayenta 
Formations .............................................. 3.5 

15. Siltstone, brownish gray (5YR 4/1), 
weathering same color, medium to 
coarse silt, contains scattered fine to 
very fine sand grains; firmly ce
mented, calcareous in part; stratifi
cation concealed; weathers to form 
slope ........................................................ 5.8 

14. Sandstone to conglomeratic sand
stone, medium dark gray (N 4), 
weathering same color, fine to me-

dium grained, and scattered coarse 
to very coarse grains, some clay 
matrix, fair sorted; composition 
largely masked, in part composed of 
angular to subrounded clear quartz; 
well cemented, calcareous; horizon
tally very thin bedded to laminated 
in part, in part composed of thin 
trough sets of low-angle medium
scale cross-laminae; weathers to form 
distinctive black ledge. Unit contains 
rare to common granules to pebbles 
as large as half an inch in diameter 
of chert, quartz, and volcanic rocks 
as well as pellets of greenish to gray 
claystone and siltstone. Some of the 
chert pebbles are angular with pitted 
surfaces ................................................. . 

Total of probable equivalents of 
Moenave and Kayenta Forma-
tions ................................................. . 

Chinle Formation: 
Petrified Forest Member: 

13. Covered, weathers to form slope. Unit 
probably is part of Chinle Formation 

12. Siltstone to silty claystone, grayish red 
(5R 4/2) and dusky red (5R 3/4) in 
basal 17 ft and pale red (lOR 6/2), 
grayish red purple ( 5RP 4/2), and 
light greenish gray (5GY 8/1) in top 
10 ft; weathering same colors; ben
tonitic clays in top 10 ft firmly ce
mented, noncalcareous; stratification 
concealed; weathers to form slope ..... . 

11. Sandstone to conglomeratic sandstone, 
pale red (5R 6/2), weathering same 
color, fine to medium grained, com
mon coarse to very coarse grains, 
fair sorted; composed of subangular 
to angular clear quartz and 10 per
cent orange grains and 5 to 10 per
cent black grains; firmly cemented, 
slightly calcareous; composed of thin 
to thick trough and planar sets of 
medium- to possibly large-scale low
angle cross-laminae, possibly some 
horizontally laminated to thin bedded 
parts; weathers to form prominent 
pinkish ledge near top of Chinle For
mation. Unit contains a 3-ft bed of 
grayish-red (5R 4/2) silty claystone 
in top one-fourth of unit. Unit con
tains scattered granules to cobbles 
and local concentrations in which the 
granules to pebbles. comprise 20 per
cent of rock. Granules to cobbles are 
composed of quartz, quartzite, and 
chert and reach maximum diameters 
of about 5 in ........................................... . 

10. Silty claystone to clayey siltstone (65 
percent) and clayey sandstone to 
sandstone (35 percent). Silty clay-
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Feet 

6.2 

819.2 

6.0 

27.5 

44.0 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

stone to clayey siltstone, greenish 
gray (5GY 6/1), dark greenish gray 
(5GY 4/1), grayish red (5R 4/2), 
medium gray (N 5), and grayish pur
ple (5P 4/2), weathering mostly pale 
red ( 5R 6/2) ; bentonitic; firmly ce
mented, noncalcareous; stratification 
concealed. Clayey sandstone to sand
stone, grayish red (5R 4/2), greenish 
gray (5GY 6/1) and light brownish 
gray (5YR 6/1), weathering same 
colors, very fine to medium grained, 
fair to poorly sorted; composition 
mostly concealed, probably composed 
of quartz and 10 percent orange 
grains, grains are subangular to an
gular; poorly cemented, slightly cal
careous; stratification concealed. Unit 
as whole weathers to form steep rub
ble-covered slope. Parts of unit cov
ered along line of section, but all parts 
of unit can be seen at some place 
along the local outcrop. Along one 
small gully near line of section unit 
contains a ledge-forming sandstone 
from 34 to 57 ft above base of unit. 
This sandstone is very pale orange 
(lOYR 8/2) with subordinate green
ish gray (5GY 6/1), medium grained, 
fair to well sorted; composed of sub
angular clear and milky quartz, 10 
percent orange grains and 5 to 10 per
cent green and gray grains; firmly 
cemented, calcareous; composed of 
medium-scale low-angle cross-lami-
nae ........................................................... . 

9. Sandstone, grayish orange (lOYR 7/4), 
weathering same color, medium 
grained, fair sorted; composed of 
subangular to subrounded clear and 
milky quartz, 10 percent orange min
eral and 5 percent grayish mineral, 
firmly to well cemented, noncalcare
ous; stratification mostly concealed, 
some horizontal very thin to thin 
beds; weathers to form ledgy slope. 
Unit forms yellowish band that can 
locally be seen on both sides of can-
yon ......................................................... . 

8. Silty claystone (65 percent) to clayey 
siltstone (10 percent) and clayey 
sandstone (25 percent). Silty clay
stone to clayey siltstone, dark green
ish gray (5GY 4/1), greenish gray 
(5GY 6/1), medium dark gray (N 4), 
and minor grayish purple ( 5P 4/2), 
weathering light greenish gray (5GY 
8/1) ; bentonitic; firmly cemented, 
noncalcareous; stratification con
cealed. Clayey sandstone, pale red 
(5R 6/2) and greenish gray (5GY 
6/1), weathering same colors, fine 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

grained, minor medium- and coarse
grained parts, clayey, poorly to fair 
sorted; composed of subangular to 
subrounded clear and milky quartz, 
5 percent orange grains, 2 to 3 per
cent green grains, and abundant 
coarse-grained accessory dark-green 
mica; poorly cemented, calcareous in 
parts; stratification concealed. Clayey 
sandstone is confined to basal 50 ft 
of unit and contains a few interstrat
ified lenses of silty claystone. Unit as 
whole weathers to form steep rubble
covered slope and is only exposed in 
100-ft-wide belt along line of section. 
Top 10 ft covered along line of sec
tion, but lateral exposures indicate 
this interval is the same as the rest 
of the unit ............................................. . 

Total of Petrified Forest Member .. 

Shinarump ( ?) Member: 
Offset in section so that overlying unit measured 

1,500 ft south of underlying units. Units 8 to 
24 measured on south side of minor canyon. 

7. Sandstone (95 percent) to conglomer
atic sandstone (5 percent), yellowish 
gray (5Y 7/2) and (5Y 8/1), grayish 
yellow (5Y 8/4), weathering same col
ors, coarse grained, minor medium to 
very coarse grained parts, fair sorted; 
composed of s ubangular to sub
rounded clear and milky quartz, feld
spar, 1 percent orange grains, and 
abundant accessory black grains; 

115.5 poorly to firmly cemented, calcareous; 
stratification difficult to determine, 
some parts structureless, some parts 
composed of thin to thick planar sets 
of small-scale low-angle cross-lami
nae, other parts composed of medium
scale very low angle cross-laminae; 
weathers to form ledgy slope. Con
glomeratic sandstone is present as 
thin to thick lenses interstratified 
with sandstone and is composed of 
chert, quartz, and quartzite pebbles 
and· granules as large as 1 in. in di-

8.2 ameter in a sandstone matrix ............. . 
6. Chert pebble conglomerate, pale yellow

ish orange (lOYR 8/6) and moderate 
yellowish brown (lOYR 5/4), weath
ering same colors; composed of angu
lar to rounded dark-reddish-brown 
(lOR 3/4) and dark-yellowish-orange 
(lOYR 6/1) granules and pebbles of 
chert in a matrix composed of silt to 
very coarse sand; sand part of matrix 
is composed of angular to subrounded 
clear and milky quartz and red and 
orange chert. Rock as whole is poorly 
sorted, well cemented, calcareous; 

Feet 

155.0 

356.2 

90.0 



STRATIGRAPHIC SECTIONS- NEVADA 175 

Chinle Formation-Continued 
Shinarump (?) Member-Continued 

horizontally very thin to thick bed
ded; weathers to form ledge that is 
the most prominent ledge near base 
of slopes developed on Chinle Forma
tion and is present at many places 
along several miles of outcrop ........... . 

Total of Shinarump(?) Member ... . 

Total of Chinle Formation ............... . 

Moenkopi Formation (incomplete) : 
Upper red member (incomplete) : 

5. Mostly covered, rare outcrops along and 
lateral to line of section suggest this 
unit is dominantly grayish red (5R 
4/2), bentonitic, silty claystone. Be
cause the color and bentonitic char
acter of this unit are typical of the 
Chinle Formation, the unit could be 
assigned to the Chinle Formation 
rather than to the Moenkopi Forma
tion. Unit weathers to form rubble--
covered slope ......................................... . 

4. Mostly covered, a few exposures of 
pale-olive (lOY 6/2) siltstone to very 
fine grained ripple-laminated sand
stone. Top foot of unit is probably 
calca1·enite. Calcarenite, medium gray 
(N 5); composed of rounded medium 
to coarse grains of limestone in a 
lime matrix, contains a few medium 
to coarse quartz and chert grains and 
gTeenish-gray siltstone pellets. Cal
carenite forms irregular ledge and 
abundant float in top foot of unit. 
Unit as whole weathers to form 
rubble-covered slope ........................... . 

3. Siltstone and calcarenite to conglom
erate, light olive gray (5Y 6/1) and 
medium gray (N 5), weathering light 
olive gray (5Y 6/1); composed of 
angular to rounded coarse grains to 
pebbles of gray and greenish-gray 
limestone and siltstone in a limy silt 
and very fine sand matrix. Sand 
matrix is composed of subangular 
clear quartz. Rock as whole poorly 
sorted; well cemented, calcareous; 
horizontally very thin to thin bedded; 
weathers to form ledge. Most of silt
stone and limestone grains are very 
coarse grains or granules. The 
pebbles reach a maximum diameter 
of half an inch. Limestone and silt
stone grains comprise about 60 to 
80 percent of the rock ....................... . 

2. Siltstone, greenish gray (5GY 6/1) 
and minor pale greenish yellow (lOY 
8/2), weathering same colors, medium 
to coarse silt; firmly cemented, cal
careous; stratification concealed; 
weathers to form rubble-covered 
slope. Unit contains two thin beds of 

Feet 

12.6 

102.6 

458.8 

55.0 

12.0 

7.5 

Moenkopi Formation (incomplete)-Continued 
Upper red member (incomplete)-Continued 

very fine grained sandstone, one 3 ft 
above base and one 3 ft below top 

Feet 

of unit ...................................................... 49.5 
1. Siltstone, grayish red (lOR 4/2), weath

ering same color, fine silt; poorly 
to firmly cemented, calcareous; strati
fication concealed; weathers to form 
gentle slope .................................... Unmeasured 

Total of incomplete upper red mem-
ber .................................................... 124.0 

Total of incomplete Moenkopi 
Formation ...................................... 124.0 

Base of section; base of exposure. Base of section 
directly east of prominent outlying knoll about 
1,000 ft from main line of cliffs. 

N-3. VALLEY OF FIRE 
Measured 9Yt miles south-southwest of Overton, Nev., at 

southeast end of Valley of Fire, western half sec. 26, T. 17 
S., R. 67 E., MDM, Cla'tk County 

[Measured by J. H. Stewart and R. F. Wilson, November 1955] 

NOTE.- This section is measured in a faulted area, and 
some of the units may be thin because of this faulting. Units 
2 to 24 were measured with several small offsets to avoid 
faults, and the thicknesses of these units are believed to be 
fairly accurate. Faulting could be seen where units 25 to 29 
were measured, but the amount of offset on the faults could 
not be seen. The thicknesses of units 25 to 29, therefore, may 
be greatly in error. 

Top of section; top of accessible exposure. 
Aztec Sandstone: 

30. Sandstone, moderate orange pink (lOR 
7/4), weathering moderate ora.nge 
pink (5YR 8/4), very fine grained 
with scattered fine to medium grains, 
well sorted; composed of clear and 
pinkish-stained quartz with some well
rounded quartz grains; firmly ce
mented, c~lcareous; stratification 
obscure but appears to be horizontally 
laminated; weathers to form vertical 
cliff. This unit is placed in the Aztec 
Sandstone because it appears to be 
related to the cross-stratified eolian 
sandstone that overlies this unit. 
Thickness estimated at 30 ft. Above 
this 30 ft is medium- to large-scale 

Feet 

cross-stratification .......................... Unmeasured 
Probable equivalents of Moenave and Kayenta For

mations: 
29. Sandstone (25 percent) and siltstone to 

sandy siltstone (75 percent). Sand
stone, pale reddish brown (lOR 5/4), 
weathering same color, fine to very 
fine grained, well sorted·; composed of 
subangular to subrounded clear and 
reddish-stained quartz and common 
accessory dark mineral; firmly ce
mented, calcareous; composed of thin 
to thick trough sets of low-angle 
small- to medium-scale cross-laminae. 
Siltstone to sandy siltstone, same as 
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Probable equivalents of Moenave and Kayenta For-
mations-Continued 

that in unit 26 except siltstone in this 
unit is predominantly horizontally to 
ripple laminated. Unit as whole 
wea-thers to form ledgy slope. Sand
stone occurs as thick sets interstrati
fied with siltstone to sandy siltstone __ 

28. Siltstone to sandy siltstone, pale reddish 
brown (lOR 5/4) to light brown (5YR 
5/6), weathering pale reddish brown 
(lOR 5/4), dominantly coarse silt 
with minor medium silt, sandy (very 
fine grained) in part, well sorted; 
composed of reddish-stained quartz 
and comlnon accessory very fine 
grained dark and white mica, gypsi
ferous in part; firmly to well ce
mented, calcareous; stratification 
mostly obscured, coarse siltstone is 
horizontally laminated to ripple lami
nated, some structureless parts; 
weathers to form rolling hills and 
slopes. Minor seams and veins of 
gypsum occur in unit --------------------------

27. Sandstone to silty sandstone (70 per
cent) and siltstone (30 percent). 
Sandstone to silty sandstone, pale 
reddish brown (lOR 5/4), weathering 
same color, fine to very fine grained, 
silty in part, well sorted; composed of 
subangular to subrounded reddish
stained quartz, common accessory 
dark and white mica and dark 
mineral; firmly cemented, slightly 
calcareous; composed of thin to thick 
trough and planar sets of low-angle 
to very low angle small- to medium
scale cross-laminae. Siltstone, same 
as that in underlying unit, sparse 
ripple laminations. Unit as whole 
weathers to form low rolling hills. 
Sandstone to silty sandstone forms 
three very thick sets interstratified 
with siltstone. Top and bottom of 
unit are marked by sandstone sets ___ _ 

26. Siltstone to sandy siltstone (95 percent) 
and silty sandstone (5 percent). Silt
stone to sandy siltstone, pale reddish 
brown (lOR 5/4) and minor grayish 
red (lOR 4/2), very minor mottling 
of light greenish gray (5GY 8/1) 
in spots, weathering pale reddish 
brown (lOR 5/4), predominantly 
coarse silt with minor medium to fine 
silt, sandy (very fine grained) in 
places, common accessory very 
fine grained dark and white mica, 
firmly cemented, calcareous; stratifi
cation concealed, but at least part is 
very thick bedded or structureless. 
Silty sandstone, pale reddish brown 
(lOR 5/4), weathering same color, 
very fine grained, silty, well sorted; 

Feet Probable equivalents of Moenave and Kayenta For-
mations-Continued 

composed of subangular to sub
rounded reddish-stained quartz and 
common accessory dark and white 
mica and dark mineral; poorly to 
firmly cemented, calcareous; stratifi-

58.0 cation concealed in part, in part 
horizontally laminated or ripple lami
nated. Unit as whole weathers to 
form low rolling hills. Silty sand
stone is concentrated in lower 70 ft 
of unit and forms thick to very thick 
sets interstratified with siltstone. 
Much of siltstone is gypsiferous _______ _ 

25. Covered, forms wash directly north of 
hogback mentioned in unit 24 _____________ _ 

24. Sandstone, pale red (lOR 6/2), weath
ering same color and pale red ( 5R 
6/2), very fine grained, composed of 
subrounded clear and reddish quartz, 
10 percent white mineral (feldspar?) 
and common dark accessory mineral; 
poorly to firmly cemented, calcareous 

81.0 in part; horizontally thin bedded to 
laminated in part, in part composed of 
thin to thick trough sets of medium
to large-scale low-angle to very 
low angle cross-laminae and lesser 
amounts of planar-cross-laminated 
sets; weathers to form top 40 ft and 
back slope of hogback to north of 
road. Unit contains scattered clay 
pellets in places and minor ripple
laminated sets ----------------------------------------

23. Sandy siltstone, pale reddish brown 
(lOR 5/4) with very minor mottling 
to white (N 9) in places, weathering 
same colors, coarse silt, sandy (very 
fine grained) in part, well sorted; 
composed predominantly of sub
rounded to subangular reddish-stained 
quartz; poorly to firmly cemented, 
slightly calcareous; horizontally lam
inated in part, in part ripple lami-

100.0 nated with ripples of the cuspate 
type; weathers to form ledgy slope ___ _ 

22. Conglomeratic sandstone, grayish red 
(lOR 4/2), weathering brownish gray 
(5YR 4/1), medium to very coarse 
grained, poorly sorted; composed of 
rounded to subangular clear, milky, 
and reddish-stained quartz and lime
stone grains; well cemented, calcare
ous; stratification obscure in places 
but some thin to very thin trough 
sets of low-angle cross-laminae; 
weathers to form ledge. Unit con
tains about 20 percent granules to 
pebbles as large as 3 in. in diameter 
of quartz, chert, quartzite, and lime
stone. Some of the siliceous pebbles 
have pitted surfaces, are faceted, 
and may be ventifacts _________________________ _ 

Feet 
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Probable equivalents of Moenave and Kayenta For
mations-Continued 

Total of probable equivalents of 
Moenave and Kayenta Forma-
tions ............................................... . 

Chinle Formation: 
Petrified Forest Member: 

21. Silty claystone to claystone, grayish 
red purple (5RP 4/2) and minor gray
ish red (lOR 4/2) and pale reddish 
brown (lOR 5/4), weathering pale red 
purple ( 5RP 6/2) ; bentonitic; firmly 
cemented, noncalcareous; stratifica
tion concealed; weathers to form steep 
slope. Unit contains several thin beds 
of grayish red-purple (5RP 4/2) silty 
very fine to fine-grained sandstone in 
basal 5 ft. A thin bed of grayish and 
reddish silica (probably chalcedony) 
is present 10 ft above base of unit. 
Upper half of unit contains common 
limestone nodules, some as large as 5 
in. in diameter. A poorly exposed 
thick bed of white (N 9) coarsely 
crystalline gypsum is present about 5 
ft below top of unit ............................... . 

20. Sandstone, pale red (5R 6/2), and 
sparse very pale orange (lOYR 8/2) 
parts, weathering same colors, fine 
to medium grained, some coarse 
grains; composed of subangular to 
angular clear and milky quartz, 10 
percent orange grains and 5 percent 
gray grains; firmly to well cemented, 
calcareous; stratification concealed; 
weathers to form ledge ......................... . 

19. Siltstone to silty sandstone, pale red
dish brown (lOR 5/4) and grayish 
red (lOR 4/2), weathering same col
ors, grades from siltstone to silty, 
fine-grained sandstone; composition 
concealed; firmly to well cemented, 
noncalcareous; stratification mostly 
concealed, some thin ho~·izontal beds 
at base; weathers to form steep 
slope ....................................................... . 

18. Sandstone, pale red (5R 6/2) and very 
pale orange (lOYR 8/2), weathering 
moderate brown (5YR 4/4), fine to 
coarse grained, some very coarse 
grains, fair to poorly sorted; com
posed of subangular to angular clear 
and milky quartz and 10 percent or
ange grains, rare coarse-grained 
accessory dark-green mica; firmly 
cemented, slightly calcareous; com
posed of thin to thick trough and 
planar sets of low-angle and pos
sibly high-angle small- to medium
scale cross-laminae; weathers to form 
prominent brownish ledge in upper 
part of Chinle. Unit contains a few 
scattered granules and small pebbles 
of quartz, quartzite, and chert ........... . 

Feet 

630.0 

65.0 

4.0 

31.0 

31.0 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

17. Silty claystone (70 percent) and clayey 
sandstone to sandstone (30 percent). 
Silty claystone, medium gray (N 5), 
greenish gray (5GY 6/1), and minor 
grayish red (5R 4/2), weathering 
same colors; bentonitic clays; firmly 
cemented, noncalcareous; stratifica
tion concealed. Sandstone to clayey 
sandstone, greenish gray (5GY 6/1), 
light gray (N 7), and minor grayish 
red purple (5RP 4/2), weathering 
same .colors, medium to very fine 
grained. Coarser sands are composed 
of subangular clear and milky quartz 
and 10 percent orange grains. Sand
stone to clayey sandstone is poorly to 
well cemented, noncalcareous; strati
fication mostly concealed, some ripple
laminated sets in basal 10 ft. Unit as 
whole weathers to form steep slope. 
Sandstone to clayey sandstone is con
fined to basal 20 ft of unit and is 
interstratified with silty claystone ..... 

16. Sandstone, greenish gray (5GY 6/1), 
very pale orange (lOYR 8/2) and 
grayish orange (lOYR 7/4), weath
ering same colors, medium to coarse 
grained, common interstitial clay, 
fair sorted; composed of subangular 
clear and milky quartz, 10 percent 
orange grains, and 10 to 20 percent 
gray grains; firmly cemented, cal
careous; stratification poorly ex
posed, some small-scale low-angle 
cross-stratification; weathers to form 
ledge. Unit together with underlying 
unit form conspicuous greenish ledge 
and slope along exposure. Unit con
tains a few scattered very coarse 
grains to pebbles as large as half an 
inch in diameter of quartz, quartzite, 
and chert ............................................... . 

15. Clayey sandstone to silty claystone, 
light brownish gray (5YR 6/1) and 
light greenish gray (5GY 8/1), weath
ering same colors, grades from clayey 
very fine grained sandstone to silty 
claystone, some fine to coarse grains; 
composition masked, bentonitic clay, 
some subrounded quartz grains; 
poorly cemented, noncalcareous; strat
ification concealed; weathers to form 
slope ....................................................... . 

14. Sandstone (90 percent) to conglomer
atic sandstone (10 percent), medium 
dark gray (N 4), weathering brown
ish black (5YR 2/1), medium to 
coarse grained, 10 to 20 percent dense 
to crystalline calcite matrix, poorly 
sorted; composed of subangular clear 
and milky quartz (30 percent), orange 
grains, possibly feldspar (10 percent) 
and greenish and gray grains ( 60 
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Feet 

51.0 
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12.0 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

percent), possibly much of green and 
gray grains are lithic fragments of 
volcanic rocks; well cemented; strat
ification obscure, but some low-angle 
cross-strata; weathers to form ledge 
continuous with underlying unit, 
forms conspicuous black ledge along 
exposure. Conglomeratic parts of unit 
contain very coarse grains to pebbles 
as large as half an inch in diameter 
of volcanic rocks and subordinate 
quartz and chert ------------------------------------

13. Sandstone, light brownish gray (5YR 
6/1) to pale red purple (5RP 6/2), me
dium to coarse grained, common very 
coarse grains and silt, fair to poorly 
sorted; composed of subangular to 
angular clear and milky quartz, 10 
percent gray grains and 5 percent 
orange grains (possibly feldspar); 
poorly cemented, slightly calcareous; 
composed of thin to thick trough and 
planar sets of small- to medium-scale 
low-angle cross-laminae; weathers 
with overlying unit to form ledge. 
Unit contains a few granules to peb
bles as large as half an inch in di-
ameter of quartz and chert ................. . 

12. Clayey siltstone to siltstone, pale red
dish brown (lOR 5/4) to grayish red 
(lOR 4/2), greenish gray (5GY 6/1) 
in upper 8 ft, weathering same col
ors, fine to coarse silt; bentonitic clay 
matrix; firmly cemented, noncalcare
ous; stratification concealed; weath
ers to form rubble-covered slope. 
Unit poorly exposed and covered by 
dark-colored talus of overlying unit .. 

11. Sandstone, pale red (5R 6/2), weather
ing pale reddish brown (lOR 5/4), 
fine grained, well sorted; composition 
masked; well cemented, slightly cal
careous; composed of thin trough and 
planar sets of low-angle small- to me
dium-scale cross-laminae; weathers 
to form ledge ........ ----------------------------------

10. Sandstone (70 percent) and siltstone 
(30 percent). Sandstone, grayish red 
(5R 4/2), grayish purple (5P 4/2), 
and yellowish gray ( 5Y 8/1), colors 
mottled in top 15 ft, weathering same 
colors, fine to coarse grained, com
mon interstitial silt and clay, fair to 
poorly sorted; composed of subangu
lar to angular clear and milky quartz 
and 30 percent orange grains (pos
sibly feldspar) and 5 percent black 
grains; firmly to well cemented, calcar
eous; stratification mostly concealed, 
but some low-angle medium-scale 
cross-lamination and some struc
tureless parts. Siltstone, grayish red 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

(lOR 4/2), weathering same color; 
firmly cemented, noncalcareous; 
stratification concealed. Unit as whole 
weathers to form steep rubble-cov
ered slope. Unit covered or poorly ex
posed in places. Siltstone is present 
as thick to very thick sets interstrati-
fied with sandstone _______________________________ _ 

9. Sandstone, light olive gray (5Y 6/1), 
sparse dark greenish gray (5GY 4/1) 
and pinkish gray (5YR 8/1), weath-

6.0 ering light olive gray, medium to 
coarse grained, fair sorted; composed 
of subangular to angular clear and 
milky quartz and 30 to 40 percent 
orange mineral (orthoclase?); firmly 
cemented, calcareous, some clay bind
ing; composed of thin planar and 
minor trough sets of small- to me
dium-scale cross-laminae; weathers to 
form ledge and fairly extensive dip 
slope. Unit contains a few very coarse 
grains to pebbles as large as 1 in. in 
diameter of quartz and chert _____________ _ 

8. Silty claystone to siltstone, greenish 
gray (5GY 6/1), sparse grayish red 
(5R 4/2), weathering light greenish 

15.0 gray ( 5GY 8/1) ; probably benton
itic; poorly cemented, noncalcareous; 
stratification concealed, weathers to 
form slope. Unit contains sparse fine
to medium-grained poorly cemented 
clayey sandstone ------------------------------------

7. Sandstone, yellowish gray (5Y 7 /2) 
and subordinate dusky yellow (5Y 
6/4), weathering yellowish gray (5Y 
7 /2), fine to coarse grained, common 

37.0 interstitial clay, fair to poorly sorted; 
composed of subangular to angular 
clear and milky quartz and about 10 
percent orange grains (probably or
thoclase) ; firmly cemented, slightly 
calcareous in parts; composed of 
planar and minor trough sets of 
small- to medium-scale low-angle 

4.0 cross-laminae; weathers to form 
ledge. Abundant "limonite" spots and 
stains. Unit contains some casts of 
fossil tree stems and logs ................... . 

6. Silty claystone to siltstone, grayish red 
(lOR 4/2) and light greenish gray 
(5GY 8/1), weathering same colors; 
clays possibly bentonitic; firmly ce
mented, noncalcareous; stratification 
concealed; weathers to form steep 
rubble-covered slope. Unit contains 
5-ft set of grayish-red (5R 4/2) silt
stone in top one-third of unit·. Silt
stone is composed of coarse silt, con
tains abundant accessory fine-grained 
dark-green mica, and is ripple lami
nated, probably cuspate type. This 

Feet 

39.0 

11.0 

17.0 

29.0 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

siltstone supplies float to much of 
the unit, and gives unit purplish 
color. Parts of unit poorly exposed ..... . 

Total of Petrified Forest Member .. 

Shinarump ( ?) Member: 
5. Sandstone (80 percent) and conglomer

atic sandstone to conglomerate (20 
percent). Sandstone, very pale orange 
(lOYR 8/2), yellowish gray (5Y 
8/1), and minor greenish gray (5GY 
6/1), weathering same colors, fine 
to medium grained, some parts con
tain minor very coarse grains, fair 
sorted; composed of subangular to 
angular milky quartz and 1 to 3 per
cent black grains; poorly to firmly 
cemented, calcareous; stratification 
obscure, but unit contains some thin 
to thick trough and planar sets of 
medium-scale cross-laminae, parts of 
unit appear structureless. Conglomer
atic sandstone to conglomerate, same 
as sandstone except contains as much 
as 60 percent granules to cobbles of 
black, reddish, and gray quartzite, 
chert, and rare quartz. Conglomeratic 
sandstone to conglomerate is found 
mostly in basal 10 to 20 ft. Unit as 
whole weathers to form vertical cliff. 
Common silicified wood in basal 20 ft. 
Pebbles have maximum long diameter 
of 4.9 in ...................... : .............................. . 

Total of Shinarump ( ?) Member ... . 

Total of Chinle Formation ............... . 

Moenkopi Formation (incomplete): 
Upper red member (incomplete) : 

4. Mostly covered; a few outcrops near 
base of unit are grayish-red-purple 
(5RP 4/2) siltstone. Unit weathers 
to form rubble-covered slope. This 
unit could be considered as part of 
the Chinle Formation, because of its 
color, but exposures do not permit 
detailed study, and it is included here 
with the Moenkopi (compare with 
unit 5, Spring Mountains section) ..... . 

3. Limestone and siltstone pebble conglom
erate, greenish gray (5GY 6/1), 
weathering moderate yellowish brown 
(lOYR 5/4); composed of coarse 
grains to pebbles of reddish siltstone 
and grayish limestone in a dense to 
finely crystalline lime matrix. Matrix 
forms 20 to 30 percent of the rock; 
poorly sorted; well cemented, calcare
ous; horizontally very thin to thin 
bedded; weathers to form small ledge. 
Unit similar to calcarenite and con
glomerate in top 30 ft of Moenkopi 
in Horse Spring Valley section and 
Spring Mountains section ................... . 

Feet 

36.0 

394.0 

68.0 

68.0 

462.0 

20.8 

3.3 

Moenkopi Formation (incomplete) -Continued Feet 

Upper red member (incomplete)-Continued 
2. Siltstone, grayish red (lOR 4/2), weath

ering same color, fine to coarse silt; 
firmly cemented, calcareous; stratifi
cation concealed except for minor 
interstratified thin sets of ripple
laminated siltstone; weathers to form 
steep rubble-covered slope. Ripple
laainated sets are coarse silt part of 
unit, and one set 10 ft below top of 
unit grades to very fine grained 
sandstone. One thin set about 5 ft 
above base of unit contains about 20 
percent fine to coarse sand grains of 
quartz and red and green chert(?).... 46.8 

1. Siltstone, grayish red (lOR 4/2) and 
moderate brown (5YR 4/4), weather
ing pale reddish brown (lOR 5/4), 
medium to coarse silt; common very 
fine grained accessory white mica; 
firmly cemented, calcareous; stratifi
cation concealed, probably in part 
horizontally thin to very thick bed
ded; weathers to form badlands to
pography. Unit contains sparse very 
thin beds of fibrous white (N 9) 
gypsum. About 200 ft of this unit is 
exposed before being repeated by 
faulting ............................................ Unmeasured 

Total of incomplete upper red 
member ............................................ 70.9 

Total of incomplete Moenkopi For-
mation .............................................. 70.9 

Base of section ; base of exposure. 

NEW MEXICO 

NM-la. CHAVEZ-PREWITT SECTION A 
Measured about 3 1niles east of Bluewate1· Reservoir; units 

1 and 2 measu1·ed on north side of a small canyon in the 
east-central 1Ja'rt of sec. 36, T. 13 N., R. 12 W., NMPM; 
units 3-16 measu1·ed along a north line starting in wash 
and ending on a prominent point along cliffs north of 
Bluewater Canyon, cent?·al and north-central parts of sec. 
36, T. 13 N., R. 12 W., McKinley County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; top of exposure. Top of section S. Feet 

25° W. of oil refinery, N. 53o W. of Anaconda 
uranium mill, and N. 72° E. of Syman. 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

Sonsela Sandstone Bed (incomplete) : 
16. Sandstone to conglomerate, same as unit 

14, weathers to form small knoll. 
Most, if not all, of the Sonsela Sand
stone Bed is probably exposed in this 
section .. ..... .. .. ... ... .......... ... ........ .. . ........ ... .. 5.6 

15. Silty claystone, same as unit 11, weath-
ers to form gentle slope ...................... 8.2 

14. Sandstone to conglomerate, very pale 
orange (lOYR 8/2) and yellowish 
gray (5Y 8/1), weathering same 
color, fine to medium grained, sparse 
coarse-grained parts, fair sorted; 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

Sonsela Sandstone Bed (incomplete) -Con. 
composed of subangular clear quartz 
and sparse black accessory minerals; 
poorly to firmly cemented, slightly cal
careous in parts; composed of thin to 
thick trough sets of low-angle small
to medium-scale cross-laminae; 
weathers to form vertical cliff and 
underlies part of dip slope developed 
on Sonsela Sandstone Bed. About 45 
percent of unit contains granules to 
pebbles. In places the rock contains 
only a few scattered granules and 
pebbles whereas in other places the 
rock is a conglomerate. Granules to 
pebbles are composed of chert, quartz
ite, and minor quartz. They are 
mostly % to % in. in maximum diam
eter but are as large as 2% in. in 
maximum diameter ------------------------------

Total of Sonsela Sandstone Bed ..... . 

Lower part: 
13. Covered, weathers to form rubble

covered slope ------------------------------------------
12. Very poorly exposed. Some exposures 

indicate unit grades from claystone 
to siltstone, light greenish gray (5GY 
8/1), greenish gray (5GY 6/1), and 
minor grayish red (lOR 4/2), swelling 
clays in places; stratification con
cealed; weathers to form rubble-cov
ered slope. Top of unit placed at 
highest exposure ------------------------------------

11. Silty claystone, grayish purple (5P 
4/2) and abundant light-greenish
gray (5GY 8/1) mottling, 5-ft in
terval of grayish red (5R 4/2) about 
10 ft below top, weathering same 
colors, swelling clays; firmly indu
rated, noncalcareous; structureless; 
weathers to form steep frothy-sur
faced slope ----------------------------------------------

10. Siltstone, grayish red (lOR 4/2), some 
grayish-red (5R 4/2) and light green
ish-gray (5GY 8/1) mottling in top 
10 ft, weathering same colors and 
pale reddish brown (lOR 5/4), fine 
silt, minor medium to coarse silt, 
very fine grained accessory white 
mica common in parts; firmly to well 
cemented, calcareous; horizontally 
thinly laminated to laminated, un
common (10 percent) thin sets of 
ripple laminae, top 15 ft is structure
less; weathers to form steep slope. 
Basal 6± ft of unit on either side of 
section is a prominent ledge-forming 
siltstone. This siltstone is mottled 
light greenish gray (5GY 8/1) and 
grayish red (5R 4/2), weathers gray
ish red (lOR 4/2), is composed of 
coarse silt, contains common very fine 

Feet 

70.2 

84.0 

22.4 

24.4 

53.5 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Lower part-Continued 
to fine-grained accessory white mica, 
is well cemented with a calcareous 
cement, and is ripple laminated ......... . 

9. Silty claystone and minor clayey silt
stone, grayish red ( 5R 4/2 and rare 
lOR 4/2), weathering same color; 
swelling clays; firmly indurated, non
calcareous, clay binding; papery and 
platy splitting, splitting suggests that 
unit is horizontal laminated and 
thinly laminated; weathers to form 
steep frothy-surfaced slope _________________ _ 

8. Clayey siltstone, light greenish gray 
(5GY 8/1) and sparse light brownish 
gray (5YR 6/1), weathering light 
greenish gray (5GY 8/1), rare very 
fine to fine-grained accessory white 
mica; firmly cemented, calcareous; 
papery to platy splitting, splitting 
suggests that unit is horizontally 
laminated to thinly laminated; weath
ers to form steep slope. Unit forms 
conspicuous greenish unit on exposure 

7. Clayey siltstone to silty claystone, color 
bands from 10 to 40 ft thick of pale 
reddish brown (lOR 5/4) alternate 
with color bands from 10 to 40 ft 
thick of grayish red purple ( 5RP 
4/2) and grayish red (5R 4/2), 
weathering same colors, swelling 
clays; firmly cemented, calcareous 
clay binding; horizontally bedded in 
beds from 1 to 10 ft thick, one bed 
about 5 ft thick contains light color 
bands crossing at low angles to 
overall bedding of unit suggesting 
medium-scale low-angle cross-strata; 
weathers to form steep frothy-sur
faced slope. Unit contains several 
thin color bands of light greenish 
gray (5GY 8/1), and some of these 
color bands are horizontally and 
ripple-laminated siltstone. From a 
distance unit forms well-exposed 
color-banded unit ----------------------------------

6. Clayey siltstone to silty claystone, gray
ish purple (5P 4/2), weathers same 
color, swelling clays; firmly indurated, 
noncalcareous clay binding; struc
tureless; weathers to form frothy
surfaced badlands. Basal 10 ft is 
light-gray (N 7) and grayish-purple 
(5P 4/2) silty very fine grained 
sandstone containing common fine
to coarse-grained accessory white 
mica. This silty sandstone weathers 
as a slope with the rest of the unit. 
Unit contains several horizons of 
limestone nodules ----------------------------------

.Total of lower part of Petrified 
Forest Member (lower contact 
uncertain) --------------------------------------

Feet 

38.9 

.14.0 

33.6 

112.0 

67.2 

366.0 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

Total of Petrified Forest Member 
(lower contact uncertain, thick
ness composite of sections A 
and B) ........................................... . 

Lower red member (upper contact uncertain) : 
5. Sandstone (50 percent) and limestone 

pebble conglomerate (50 percent). 
Sandstone, very light gray (N 8), 
weathers same color, very fine grained, 
well sorted; composed of clear quartz; 
well cemented, calcareous; horizon
tally laminated to thin bedded, sparse 
low-angle cross-strata, one occurrence 
of contorted laminae noted. Lime
stone pebble conglomerate, brownish 
gray (5YR 4/1), weathers same color, 
composed of granules to pebbles, as 
large as 2 in. in maximum diameter, 
of limestone in a limy sand matrix 
similar to rest of the unit. Limestone 
pebble conglomerate is well cemented, 
structureless, and forms most of 
upper two-thirds of unit. Unit as 
whole weathers to form ledge. Lateral 
to line of section, unit is about twice 
as thick and is mostly horizontally 
laminated and 1·ipple-laminated sand-
stone ....................................................... . 

4. Silty claystone, dark gray (N 3) to 
light gray (N 7), minor grayish 
purple (5P 4/2), weathers same col
ors, swelling clay; firmly indurated, 
noncalcareous clay binding; struc
tureless; weathers to form frothy-
surfaced badlands ............................... . 

Total of lower red member (upper 
contact uncertain) ....................... . 

Mottled strata: 
3. Sandstone (90 percent) to conglomerate 

(10 percent), mottled white (N 9), 
grayish purple (5P 4/2), and minor 
very dusky red purple (5RP 2/2) 
and dark yellowish orange (10YR 
6/6), weathering same colors. Con
glomerate confined to basal 2.5 ft 
and composed of granules to pebbles 
of yellow and minor gray, black, and 
red chert, sparse black quartzite, and 
white quartz. Granules and pebbles 
average from % to % in. in diameter 
and are as large as 2% in. in maxi
mum diameter. A few granules and 
pebbles are scattered in the rest of 
unit. Sandstone and matrix of con
glomerate is fine grained with minor 
fine and medium grains and abundant 
interstitial white silt or clay, poorly 
to fair sorted; composition largely 
concealed; about 20 percent of grains 
are black or red; well cemented, non
calcareous. Stratification is largely 
concealed by mottled colors, but the 

Feet 

1,405.7 

5.6 

44.8 

50.4 

Chinle Formation (incomplete) -Continued 
Mottled strata-Continued 

stratification, where visible, is thin 
tabular planar sets of small- and rare 
medium-scale low-angle cross-lami
nae. Unit as whole weathers to form 
ledge and locally underlies bench. Unit 
probably correlated with the mottled 
strata at the base of the Chinle at 
Fort Wingate ....................................... . 

Total o~ mottled strata ..................... . 
Total of Chinle Formation (com-

posite of sections A and B) ....... . 

Unconformity. Basal contact of unit is undulatory 
and sharp. Scours as deep as 0.5 ft are present 
along the contact. 

NOTE.- Section offset so that overlying units mea
sured 1,000 ft west of unit 2. 

Moenkopi ( '?) Formation: 
2. Siltstone ( 60 percent) and sandstone ( 40 

percent). Siltstone, grayish red (lOR 
4/2 and minor 5R 4/2), weathers 
same colors, sandy (very fine grained) 
in parts, common very fine grained 
white mica; well indurated, noncal
careous; structureless, sparse ripple
laminated and horizontally laminated 
parts, one thin tabular planar set of 
medium-scale cross-laminae (may be 
delta foreset). Sandstone, pale red 
(5R 6/2 and minor lOR 6/2) weath
ers same colors and grayish red ( 5R 
4/2), very fine grained, silty in parts, 
fair to well sorted; composition con
cealed; well cemented, calcareous in 
parts; horizontally laminated to thin 
bedded, sparse thin trough sets of 
low-angle small-scale cross-laminae. 
Sandstone is present as thin to very 
thick sets and cosets interstratified 
with siltstone. Unit as a whole weath
ers to form steep slope. Thin bed of 
grayish red purple (5RP 4/2) lime
stone granule and pebble conglomer
ate 4 ft above base of unit. Unit 
highly variable in lithology along out
crop; locally it appears to be ·dom
inantly siltstone. Within 2 miles of 
section, Moenkopi locally contains 
conglomerate beds consisting of gran
ules and pebbles of quartz, quartzite, 
and chert ............................................... . 

Total of Moenkopi ( '?) Formation ... . 

Unconformity; 3- to 5-ft high "folds" at top of San 
Andres Limestone are truncated by overlying beds. 

San Andres Limestone: 
Limestone member: 

1. Limestone, moderate. orange pink (lOR 
7/4) and light olive gray (5Y 6/1), 
weathering light brownish gray (5YR 
6/1), dense, some parts contain many 
small pores; well cemented, horizon
tally thin to thick bedded; weathers 
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Feet 

19.0 

19.0 

1,505.8 

25.8 

25.8 
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San Andres Limestone-Continued Feet 

Limestone member-Continued 
to form vertical cliffs along sides of 
wash .................................................. Unmeasured 

Base of section; base of exposure. Base of section in 
wash bottom. 

NM-lb. CHAVEZ-PREWITT SECTION. B 

Units 1-10 measured starting at point about 2 miles west of 
Prewitt and 500 ft south of U.S. Highway 66 in central 
part of sec. 11, T. 13 N., R. 12 W., NMPM, continuing along 
a N. 30° W. line for 2 miles and ending on a prominent 
point on the cliffs about 1!12 miles north of U.S. Highway 
66 in east-central part of sec. 34, T. 14 N., R. 12 W.; units 
11-20 measured starting at point 2 miles northeast o I 
Chavez in east-cent1·al part of sec. 30, T. 14 N., R. 12 W., 
continuing for 1% miles northwest, and ending on promi
nent point about 4 miles east-northeast of Thoreau in south
western part of sec. 19, T. 14 N., R. 12 W., McKinley 
County 

[Measured by J. H. Stewart and R. F. Wilson, April and May 1956] 

Top of section; top of accessible exposure. Top of Feet 

section is about 500 ft northeast of tip of promon-
tory developed on Entrada Sandstone. Top of 
section is N. 57o W. of oil refinery near Chavez 
and Prewitt and N. 65° E. of Thoreau. 

Entrada Sandstone (incomplete) : 
Upper sandy member: 

20. Sandstone, light brown (5YR 6/ 4) and 
moderate reddish orange (lOR 6/6), 
weathering same colors, very fine 
grained, sparse disseminated fine to 
medium grains; well sorted; com
posed of subrounded to rounded red
dish-stained quartz and sparse black 
accessory mineral; poorly cemented, 
calcareous; horizontally laminated in 
basal 5 ft and composed of thin to 
very thick planar sets of medium- to 
large-scale cross-laminae in rest of 
unit; weathers to form vertical cliff. 
Basal 2 ft of unit is yellowish gray 
( 5Y 8/1), and this lighter color forms 
continuous color band on the vertical 
cliff. Only basal 25 ft of unit exam-
ined .................................................... Unmeasured 

Medial silty member: 
19. Siltstone (80 percent) to silty sandstone 

(20 percent), pale reddish brown 
(lOR 5/4), abundant light greenish 
gray (5GY 8/1) mottling, weathering 
same colors and light brown (5YR 
6/4), grades from fine- to medium
grained siltstone to silty very fine 
grained sandstone, in places sand
stone contains a few fine to medium 
grains disseminated in the siltstone 
or silty sandstone; well cemented, cal
careous; horizontally laminated to 
thick bedded, stratification has slight 
waviness; weathers to form vertical 
cliff continuous with that of overly
ing unit. Unit forms horizontally 
stratified and wavy bedded interval 

Entrada Sandstone (incomplete) -Continued 
Medial silty member-Continued 

at base of cliff developed on Entrada 
Sandstone ............................................... . 

Total of medial silty member ........... . 

Total of incomplete Entrada Sand-
stone ............................................... . 

Contact of Entrada Sandstone and Wingate Sand
stone sharp and placed at change from cross-strat
ified sandstone below to horizontally stratified 
siltstone above. 

Wingate Sandstone (Lukachukai Member): 
18. Sandstone, light brown (5YR 6/4) to 

moderate reddish orange (lOR 6/6), 
weathering same colors, fine grained, 
minor fine- to medium-grained parts, 
fair to well sorted; composed of sub
rounded to rounded reddish-stained 
quartz, sparse black accessory min
erals and white chert ( ?) ; poorly 
cemented calcareous; horizontally lam
inated in parts and composed of thick, 
possibly planar sets of low- and high
angle medium-scale cross-laminae in 
other parts; weathers to form steep 
slope. Sandstone contains common 
medium to coarse rounded to sub
rounded reddish-stained quartz grains 
in a finer grained matrix. Basal 10 
ft of unit contains minor amounts of 
fine to coarse grains, locally very 
coarse grains to granules, of white 
chert(?). Cross-stratified parts of 
unit are from 3 to 23 ft, 44 to 61 ft, 
and 75 to 80 ft. Rest of unit is hori
zontally laminated; possibly very thick 
bedded in a few places ....................... . 

Total of Wingate Sandstone (Lu-
kachukai Member) ....................... . 

Contact of Wingate Sandstone and Chinle Forma
tion sharp and marks change from purplish silt
stone below to brownish sandstone above. In places, 
Wingate Sandstone fills clastic dikes extending 
as much as 5 ft down into the Chinle Formation. 
These clastic dikes are irregular in shape, and 
some are several feet wide. 

Chinle Formation (incomplete) : 
Owl Rock Member: 

· 17. Siltstone and limestone. Siltstone, pale 
red purple ( 5RP 6/2) to grayish red 
purple (5RP 4/2), weathering same 
colors, fine to medium silt; firmly ce
mented, calcareous; structureless, a 
few thin horizontal beds. Limestone, 
same colors as siltstone, dense; well 
cemented; present as limestone nod
ules and thin lenses in basal 9 ft and 
as thick horizontal bed from 4.1 to 
7.1 ft. Thick bed of limestone con
tains abundant small masses of chert. 
Unit as whole weathers to form steep 
slope with persistent ledge developed 
on the limestone bed. Limestone bed 

Feet 

44.2 

44.2 

44.2 

80.0 

80.0 
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Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

forms conspicuous thin purplish band 
along exposure. Most of unit prob
ably does not contain swelling clays; 
locally, however, swelling clays may 
be present ............................................... . 

Total of Owl Rock Member ............. . 

Petrified Forest Member: 
Upper part: 

16. Siltstone (80 percent) to silty claystone 
(20 percent), pale reddish brown 
(lOR 5/4), sparse grayish red (5R 
4/2), weathering same colors, prob
ably swelling clays; firmly to well ce
mented, calcareous; dominantly struc
tureless, minor horizontally laminated 
parts; weathers to form steep slope. 
Some of unit weathers with a frothy 
surface ................................................... . 

15. Limestone and siltstone. Limestone, 
light gray (N 7), weathering dark 
yellowish orange (lOYR 6/6), dense; 
well cemented; present as two thin 
horizontal beds separated by 0.3-in.
thick horizontal bed of siltstone. Silt
stone, light gray (N 7), weathering 
same color, firmly cemented, calcare
ous. Unit as whole weathers to form 
small ledge. Unit persistent along ex
posure and marks change from pur
plish rocks below to reddish rocks 
above ....................................................... . 

14. Silty claystone and minor clayey silt
stone and siltstone, very light gray 
(N 8) in basal 10 ft and grayish red 
(5R 4/2), pale red (5R 6/2), and 
minor grayish red purple (5RP 4/2) in 
rest of unit, weathering same colors, 
swelling clays, firmly to well ce
mented, ·calcareous; structureless; 
weathers to form steep frothy-sur
faced slope. From a distance unit ap
pears as purplish interval between 
reddish rocks above and below ........... . 

13. Siltstone to silty sandstone, and lime
stone pebble conglomerate. Siltstone 
to siity sandstone, pale reddish brown 
(lOR 5/4) and pale red (lOR 6/2 and 
5R 6/2), weathering same colors, 
grades from medium siltstone to silty 
very fine grained sandstone. Sand
stone is fair sorted and composed of 
subangular grains (composition of 
grains is masked). Siltstone to silty 
sandstone contains common medium
grained accessory white mica and is 
firmly to well cemented, calcareous. 
They are horizontally laminated and 
contain some medium-scale cross
strata on nearby exposures and pos
sibly along line of section. Limestone 
pebble conglomerate, grayish red pur-

Feet 

30.7 

30.7 

108.8 

1.3 

55.8 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member-Continued 

Upper part-Continued 
ple (5RP 4/2), weathering same 
color, composed of coarse grains to 
cobbles of limestone or limy silt
stone in a limy silty or clay 
matrix; poorly cemented; struc
tureless, possibly some very thin hori
zontal beds. Limestone pebble con
glomerate is present as a 3-ft bed at 
base of unit and as 2-ft bed at top of 
unit. Basal bed is mostly composed of 
coarse grains to granules and minor 
pebbles. Top bed is composed mainly 
of granules and pebbles. Top bed con
tains cobbles as large as 6 in. in max
imum diameter. Unit as whole weath
ers to form steep slope. Locally top 
limestone pebble conglomerate forms 
ledge. Position and amount of lime
stone pebble conglomerate in unit is 
highly variable along exposure ........... . 

12. Siltstone to silty claystone, pale reddish 
brown (lOR 5/4), minor grayish red 
(lOR 4/2 and 5R 4/2), and sparse 
pale red (lOR 6/2), weathering same 
colors, silt fraction is fine to medium 
silt, clay fraction is composed of 
swelling clay; firmly to well cemented, 
calcareous; structureless; weathers 
to form frothy-surfaced badlands. 
Contains many horizons and thin in-
tervals of limestone nodules ............... . 

11. Covered, forms %.-mile-wide flat with 
minor hills and knolls ........................... . 

Long offset in section so that ove1·lying 
units nteasured about 2~ miles, N. 65° 
W. of 'ltnde,dying units. 

10. Sandstone, pale red purple (5RP 6/2) 
and minor light greenish gray (5GY 
8/1), weathering pale red (5R 6/2) 
and pale brown ( 5 Y R 5/2), very fine 
to fine grained, fair sorted; composed 
of subangular milky quartz ( ?) and 
20 percent dark-gray and sparse 
orange grains; firmly to well ce
mented, calcareous; composed of thin 
to thick tabular planar sets of small
to med i urn-scale cross-laminae; 
weathers to form prominent vertical 
cliff and underlies bench. Unit is 
most prominent cliff and bench-form
ing unit in the Chinle Formation 
above the Sonsela Sandstone Bed. 
Basal 3.3 ft of unit is limestone pebble 
conglomerate. Limestone pebble con
glomerate, light greenish gray (5GY 
8/1), composed of rounded coarse 
grains to pebbles as large as 2 in. in 
maximum diameter of gray limestone, 
limy silt matrix, firmly to well ce
mented; very low angle cross-strata; 
intertongues with rest of unit. Thick-
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Chinle Formation (incomplete)-Continued 
Petrified Forest Member-Continued 

Upper part-Continued 
ness of unit appears to be maximum 
for local area. Units 6-10 measured 
up prominent point N. 50° W. of 
Prewitt ----------------------------------------------------

9. Sandstone, pale red purple (5RP 6/2), 
subordinate light-greenish-gray (5GY 
8/1) mottling, weathering same col
ors, very fine grained, well sorted; 
composition mostly masked, 10 per
cent of rock is orange or black grains, 
common coarse-grained accessory 
white and dark mica; well indurated, 
noncalcareous; horizontally laminated 
and minor thin shallow trough sets 
of very low angle small- to medium
scale cross-laminae; weathers to form 
ledgy slope --------------------------------------------

8. Siltstone (70 percent), silty sandstone 
(20 percent), and silty claystone (10 
percent), all lithologies intergrading, 
pale reddish brown (lOR 5/4) and 
minor pale red (lOR 6/2), weather
ing same colors, silty sandstone is 
similar to that in unit 6, swelling 
clays in both the siltstone and silty 
claystone; firmly to well indurated, 
noncalcareous; mostly structureless, 
a few thin sets of horizontal laminae, 
many horizontal stratification planes; 
weathers to form steep slope, locally 
slope weathers with a frothy surface. 
Unit contains a few thin lenses of lime
stone-grain sandstone similar to that 
in unit 6 except that some are light 
greenish gray ( 5GY 8/1) ----------------------

7. Silty sandstone to sandy siltstone, pale 
red (lOR 6/2 and 5R 6/2), weather
ing same colors, grades from silty, 
very fine grained sandstone to very 
fine grained sandy siltstone, sparse 
coarse-grained accessory white mica; 
well indurated, noncalcareous; hori
zontally laminated and minor amounts 
of thin to very thin shallow trough 
sets of very low angle small-scale 
cross-laminae; weathers to form 
ledge. Locally along exposure ledges 
similar in lithology to this one are 
found in the underlying unit and as 
high as 15 ft up in the overlying unit 

6. Siltstone to silty sandstone, pale red 
(lOR 6/2) and pale reddish brown 
(lOR 5/4), weathering same colors, 
grades from siltstone to silty fine
grained sandstone, all gradations 
of lithology, probably 60 percent of 
unit is silty sandstone, 30 percent 
sandy siltstone and 10 percent silt
stone, composition masked; firmly to 
well cemented, noncalcareous to 
slightly calcareous; structureless ( 40 
percent), horizontally laminated (30 

Feet 

39.2 

21.8 

108.6 

13.0 

Chinle Formation (incomplete) -Continued 
Petrified Forest Member-Continued 

Upper part-Continued 
percent), and medium- to large-scale 
very low angle cross-strata ( 30 per
cent). Cross-strata are in sets from a 
few feet to 20 ft thick. Probably both 
shallow trough sets and tabular pla
nar sets are present. Unit as whole 
weathers to form steep slope. About 
5 percent of unit is pale-red (lOR 
6/2) limestone-grain sandstone. The 
limestone-grain sandstone is coarse to 
very coarse grained and locally grades 
to limestone granule conglomerate. 
The limestone-grain sandstone and 
limestone granule conglomerate occur 
as thin to thick lenses interstratified 
with the rest of the unit ..................... . 

5. Covered, weathers to form mile-wide 
flat. Measured along a N. 30° W. 
line --------------------------------·-····---------·-----·-··· 

4. Sandstone (70 percent) and siltstone 
(30 percent). Sandstone, pale red 
purple (5 RP 6/2), weathering same 
color, very fine grained, well sorted; 
composition mostly masked (about 20 
percent of grains are either dark 
gray or orange); well cemented, 
slightly calcareous; composed of thin 
trough sets of very low angle small
to medium-scale cross-laminae, sub
ordinate horizontal laminae. Siltstone, 
grayish red (lOR 4/2), weathering 
same color, about 20 percent of rock 
is coarse grains to granules of light
gray siltstone; poorly cemented, cal
careous; structureless; present as 
thin to thick lenses interstratified 
with thin to thick sets or cosets of 
sandstone. Unit as whole weathers to 
form small irregular ledge and un-
derlies bench ......................................... . 

3. Clayey siltstone to sandy siltstone, 
grayish red (5R 4/2) and minor 
grayish purple (5P 4/2), common 
light-greenish-gray (5GY 8/1) mot
tling, weathering same colors, sandy 
(very fine grained) in part, probably 
swelling clays; firmly cemented, cal
careous, structureless, exposed in 
roadcut ................................................... . 

2. Covered, weathers to form flat between 
Sonsela Sandstone Bed and unit 3 .... 

Total of upper part of Petrified 
Forest Member ............................. . 

Sonsela Sandstone Bed : 
1. Sandstone, same as that in unit 14 of 

Chavez-Prewitt section A. Contains a 
few scattered granules and pebbles of 
chert, quartzite, and quartz, stratifi
cation is not distinct but appears to 
be mostly low-angle medium-scale 
cross-laminae. Only 10 ft of unit ex-

Feet 

78.4 

308.0 

8.0± 

16.8 

11.2 

955.7 
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Chinle Formation (incomplete) -Continued Feet 

Petrified Forest Member-Continued 
Sonsela Sandstone Bed-Continued 

posed. Weathers to form lowest part 
of dip slope developed on Sonsela 
Sandstone Bed. Observation suggests 
that the incomplete thickness of the 
Sonsela in Chavez-Prewitt section A 
is within 50 ft of being the complete 
thickness .......................................... Unmeasured 

Total of incomplete Chinle Forma-
tion .................................................. 986.4 

Base of section; base of exposure. Base of section 
about 500 ft south of U.S. Highway 66 and about 
2 miles west of Prewitt. 

NM-2. FORT DEFIANCE SECTION 

Measm·ed on cliff about 5¥2 miles ?to'rth-northeast of Fort 
Defiance, about 3 ?niles no'rth of Clay Springs Wash, and 
about 1 ?nile south of T~vin Buttes Wash, long 109°01'50" 
W., lat 85°49'25'" N., McKinley County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top section; top of accessible exposure. Feet 

Entrada Sandstone (incomplete) : 
Upper sandy member (unmeasured): 

10. Sandstone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering same colors, very fine grained, 
common medium to coarse well
rounded quartz and minor chert ( ?) 
grains, well sorted; composed of sub
rounded reddish-stained quartz and 2 
percent black minerals; poorly to 
firmly cemented, calcareous; composed 
dominantly of wedge and some tab
ular ( ?) planar sets of high-angle 
medium- to large-scale cross-laminae, 
but some trough sets of low-angle 
medium-scale cross-laminae are pres
ent in basal 10ft of unit; weathers to 
form vertical cliff. Only basal 10 ft of 
unit examined. Unit about 300 ft 
thick. Basal contact distinct and is 
the only distinct contact in the section 
between the top of the medial ledge 
of the Rock Point Member to the top 
of the Entrada Sandstone .............. Unmeasured 

Medial silty member: 
9. Sandy siltstone to silty sandstone, light 

brown (5YR 6/4) and pale reddish 
brown (lOR 5/4), weathering same 
colors, composed of particles ranging 
from coarse silt to very fine sand; 
well sorted; composed of reddish
stained quartz and 2 percent black 
grains; firmly cemented, slightly cal
careous; horizontally laminated, slight 
waviness to laminae suggests ripple 
laminae in places, ripple laminae com
mon in top 15 ft; sparse thin trough 
sets of low-angle small-scale cross
laminae; weathers to form vertical 
cliff. Locally a thin lens of white 
(N 9) sandstone is present away 

Entrada Sandstone (incomplete) -Continued 
Medial silty member-Continued 

from line of section, either at the 
base or in the basal 5 ft of the unit. 
This sandstone is composed of well
rounded coarse quartz grains. Basal 
10 ft of unit contains a few percent 
of medium to coarse well-rounded 
clear quartz and white chert ( ?) grains. 
Unit weathers with a knobby or 
hoodoo appearance. Unit very similar 
to underlying unit but contains me
dium to coarse grains in basal 10 ft, 
weathers with a more hoodoo-type 
cliff, and possibly contains more rip
ple laminae than underlying unit. 
From a distance unit can be differ
entiated from one below by hoodoo 
weathering ............................................. . 

Total of medial silty member ......... . 

Total of incomplete Entrada Sand-
stone ............................................... . 

Wingate Sandstone: 
Rock Point Member: 

8. Sandstone, light brown (5YR 6/4) and 
minor pale reddish brown (lOR 5/4), 
weathering same colors, very fine 
grained, well sorted; composed of 
subrounded amber-stained quartz and 
about 2 percent black minerals; poorly 
cemented, calcareous; horizontally 
laminated, some wavy laminae sug
gesting ripple laminae in places, 
sparse thin trough sets of low-angle 
small-scale cross-laminae; wea:thers 
to form steep slope or vertical cliff. 
Unit very similar to underlying unit 
but is somewhat coarser grained, con
tains better developed laminae, and 
contains some cross-strata ................... . 

7. Sandstone to sandy siltstone, light 
brown (5YR 6/4) and a few light 
greenish gray ( 5GY 8/1) color bands, 
weathering same colors, grades from 
coarse silt to very fine grained sand, 
well sorted; composed of subrounded 
clear quartz and abundant black ac
cessory minerals; horizontally lami
nated to thick bedded; weathers to 
form slope ............................................... . 

6. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine to 
fine grained, sparse disseminated 
coarse grains, fair sorted; composed 
of subrounded to rounded clear quartz 
and common black accessory miner
als, coarse grains commonly white 
chert ( ?) ; poorly cemented, calcare
ous; composed of thin to very thick 
wedge planar sets of low- and 
high-angle medium- and possibly 
large-scale cross-laminae, abundant 
horizontally laminated sets in top 15 
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Wingate Sandstone-Continued 
Rock Point Member-Continued 

ft; massive splitting; weathers to 
form vertical cliff that forms most 
prominent cliff in. Rock Point Mem-
ber .:-......................................................... . 

5. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of sub-
rounded reddish-stained quartz and 
abundant black accessory mineral; 
poorly cemented, calcareous; horizon-
tally laminated, and a few poorly de-
fined low-angle cross-strata; weathers 
to form ledgy interval at base of ver
tical cliff developed on overlying unit 

4. Siltstone, light brown (5YR 6/4), weath
ering pale reddish brown (lOR 5/ 4), 
coarse silt; firmly cemented, calcare-
ous; horizontally laminated; weathers 
to form steep slope or vertical cliff.. .. 

3. Siltstone, grayish red (lOR 4/2), weath
ering pale reddish brown (lOR 5/4), 
medium silt; firmly cemented, cal-
careous; structureless, a few horizon-
tal stratification planes; weathers to 
form steep slope .................................... .. 

2. Covered. Weathers to form gentle slope 
between c;liffs on Entrada Sandstone 
and hogback on Owl Rock Member. 
Unit probably lithologically similar to 
unit 3 ....................................................... . 

Total of Rock Point Member .......... .. 

Total of Wingate Sandstone .......... .. 

Owl Rock Member: 
1. Siltstone (80 percent) and limestone or 

limy siltstone (20 percent). Silt
stone, grayish red purple ( 5 RP 4/2), 
weathering pale red purple (5RP 
6/2), fine silt; firmly cemented, cal
careous; structureless. Limestone, 
grayish red purple (5RP 4/2), light 
greenish gray (5GY 8/1), and sparse 
grayish red (lOR 4/2), weathering 
same colors, dense; well cemented; 
horizontally laminated to thin bedded; 
present as thin sets interstratified 
with siltstone. About 30 ft of unit ex
posed; weathers to form low purplish 
knobs or hogback about 200 ft west 

Feet 

42.2 

12.0 

34.5 

46.0 

82.5 

306.2 

306.2 

of main cliffs .................................... Unmeasured 
Base of section; base of exposure. 

NM-3a. FORT WINGATE SECTION A 

Measured starting at point about % mile N. 20° W. of Navajo 
Sheep Laboratory and continuing for about 1% miles north
northeast to promontory on line of cliffs in northernmost 
part of Fort Wingate ordinance depot. Section about 1% 
miles west of town of Fort Wingate, long 108°33'35" to 
108°3.1/15" W., lat 35°27'.1,.0" to 35°28'55" N., McKinley 
County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; top of exposure. Top of section is 
about 1 mile N. 50° W. from water tower at Fort 
Wingate and about 1 mile N. 17° E. from Navajo 
Sheep Laboratory. 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

Sonsela Sandstone Bed (incomplete) : 
18. Sandstone, similar to unit 16. Sandstone 

commonly contains gray and green 
claystone and siltstone pellets. A few 
thin sets contain a few (5 percent) 
gray chert granules and pebbles as 
large as 1 in. in maximum diameter. 
Basal 4 ft of unit is composed of 
greenish-gray fine-grained well-ce
mented sandstone that is dominantly 
horizontally laminated but that con
tains some very low angle cross-lami
nae. Unit weathers to form vertical 
cliff and underlies mesa ...................... .. 

17. Sandy and silty claystone, grayish red 
(5R 4/2), greenish gray (5GY 6/1) in 
top 0.5 ft, weathering same colors, 
sandy (very fine grained) in parts; 
poorly indurated, clay binding; strati
fication concealed; weathers to form 
slope ......................................................... . 

16. Sandstone, very pale orange (lOYR 
8/2), pinkish gray (5YR 8/1), and 
yellowish gray ( 5Y 8/1), weathering 
same colors, fine to medium grained, 
fair to well sorted; composed of sub
rounded to subangular clear and 
milky quartz and common black acces
sory mineral; firmly cemented, cal
careous; composed of thin to thick 
troug}:l and tabular planar sets of 
small- to medium-scale cross-laminae; 
weathers to small ledge. Unit contains 
abundant purplish claystone and silt
stone pellets and films along laminae. 
No conglomerate noted ...................... .. 

15. Silty claystone to sandy siltstone (80 
percent) and sandstone (20 percent). 
Silty claystone to sandy siltstone, light 
greenish gray (5GY 8/1), medium 
gray (N 5), and grayish purple (5P 
4/2), weathering same colors, sand 
fraction is very fine grained; firmly 
indurated, clay binding, noncalcare
ous; stratification concealed. Sand
stone, light greenish gray (5GY 8/1) 
to greenish gray (5GY 6/1), weath
ering same colors, fine grained, well 
sorted; composed of subangular clear 
quartz and sparse orange accessory 
minerals; well indurated, noncalcare
ous; horizontally laminated, some 
wavy laminae, sparse small- to 
medium-scale low-angle cross-laminae. 
Unit as a whole weathers to form 
slope. Sandstone is present as set 
from 5.6 to 7.0 ft and forms ledge .... 

Feet 

56+ 

3.2 

4.7 

12.4 
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Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Sonsela Sandstone Bed (incomplete) -Con. 
14. Sandstone, light greenish gray (5GY 

8/1), weathering same color, medium 
to coarse grained, some very coarse 
grains and granules, abundant inter
stitial clay, poorly sorted; composed 
of subangular clear and milky quartz, 
5 percent orange mineral; poorly in
durated, clay binding and calcareous 
cement; stratification concealed; 
weathers to form slope. Possibly a 
few chert granules --------------------------------

Total of incomplete Sonsela Sand-
stone Bed ----------------------------------------

Lower part: 
13. Silty claystone, grayish purple (5P 4/2) 

with light-greenish-gray (5GY 8/1) 
mottling, common very light gray 
(N 8), weathering same colors, swell
ing clays; firmly to well indurated, 
noncalcareous clay binding; structure
less; weathers to form steep frothy
surfaced slope. Contains several 
limestone-nodule horizons. Unit is light 
greenish gray (5GY 8/1) or yellow-
ish gray (5Y 8/1) in top 5 ft ............. . 

12. Sandy siltstone (90 percent) to silty 
sandstone (10 percent), pale red 
purple (5RP 6/2) and light greenish 
gray (5GY 8/1), colors mottled, 
grades from silt with minor very fine 
to fine grains to silty, fine-grained 
sandstone, poorly to fair sorted; sand 
fra~tion composed of subangular milky 
quartz ( ?) , 10 percent orange grains, 
and 3 percent coarse-grained dark
green mica; well indurated, noncal
careous, clay binding; horizontally 
laminated, minor amounts of very low 
angle large-scale cross-laminae, much 
of stratification concealed; weathers 
to form steep slope. Unit forms con
spicuous white band along local and 
distant exposures. Base of unit marks 
prominent change from reddish rocks 
below to purplish rocks above ............. . 

11. Silty claystone, moderate red (5R 5/4), 
pale reddish brown (lOR 5/4), and 
grayish red (5R 4/2), weathering 
moderate red (5R 5/4), contains some 
clayey siltstone; firmly to well in
durated, noncalcareous, clay binding; 
structureless; weathers to form 
frothy-surfaced slope. Probably ben.: 
tonitic although claystone does not 
swell noticeably on contact with 
water. Units 11 to 18 measured about 
1 mile N. 50° W. of water tower at 
Fort Wingate ----------------------------------------

10. Siltstone to silty sandstone, pale red 
(5R 6/2) and light greenish gray 

472-202 0 - 72 - 13 

Feet 

12.0 

88.3 

95.0 

40.0 

89.0 

Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) -Con. 

Lower part-Continued 
(5GY 8/1) in top 1.5 ft, weathering 
same colors, grades from coarse silt
stone to silty very fine grained sand
stone, common medium- to fine-grained 
accessory white mica; well cemented, 
calcareous; ripple laminated in top 
1.5 ft, possibly some small-scale low
angle cross-strata; weathers to form 
small ledge at base of prominent cliff 

9. Claystone, grayish red (5R 4/2), gray
ish red purple (5RP 4/2), some 
light-greenish-gray (5GY 8/1) mot
tling, weathering same colors and 
pale red (5R 6/2), probably swell
ing clays; firmly indurated, noncal
careous, clay binding; structureless; 
weathers to form slope ......................... . 

8. Covered, forms 1,000-ft-wide flat ......... . 

Total of lower part of Petrified 
Forest Member -------------------------------

Total of incomplete Petrified Forest 
Member --------------------------------------------

Total of Petrified Forest Member 
(composite of Fort Wingate sec
tions A and B) ------------------------------

Lower red member: 
7. Sandstone (70 percent) and limestone 

pebble conglomerate (30 percent). 
Sandstone, very light gray (N 8), 
white (N 9), and pinkish gray 
(5YR 8/1), weathering pinkish gray 
(5YR 8/1), very fine to fine grained, 
well sorted; composed of subrounded 
clear quartz and common black and 
sparse green accessory minerals, 
sparse medium-grained accessory 
white mica; firmly to well cemented, 
calcareous; composed of thin shallow 
trough and tabular planar sets of 
small- to medium-scale low-angle 
cross-laminae, ripple-laminated in top 
3 ft of unit. Limestone pebble con
glomerate, very light gray (N 8), 
weathering moderate yellowish brown 
(lOYR 5/4), composed of subrounded 
to rounded coarse grains to pebbles 
of grayish limestone and possibly silt
stone in a fine-grained matrix similar 
to that in the sandstone part of the 
unit (pebbles are commonly as large 
as 1 in. in maximum diameter) ; well 
cemented, calcareous; present as thin 
to thick structureless lenses inter
stratified with and interfingering ir
regularly with the sandstone part of 
unit. Limestone pebble conglomerate 
confined to lower half of unit. Unit 
as whole weathers to form ledge. Unit 
highly variable in lithology and thick-
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Chinle Formation (incomplete)-Continued 
Lower red member-Continued 

ness along exposure. Locally entire 
unit is limestone pebble conglomerate 

Section offset at top of unit 6, so that over
lying units 1neasured about 1,000 ft north 
of unit 6. 

6. Claystone, grayish purple (5P 4/2), 
grayish red purple (5RP 4/2), and 
sparse greenish gray (5GY 6/1) in 
basal 50.4 ft, dark reddish brown 
(lOR 3/4) in top 40.2 ft, weathering 
same colors, silty in parts, swelling 
clays; firmly indurated, calcareous in 
parts; structureless, a few horizontal 
stratification planes; weathers to form 
frothy-surfaced slope -----·-····················-

5. Covered; forms 1,000-ft-wide flat ....... . 

Total of lower red member ............. . 

Shinarump (?) Member: 
4. Sandstone (70 percent) . to conglomer

ate (30 percent), pale yellowish brown 
(lOYR 6/2) and very light gray (N 
8), weathering very pale orange 
(lOYR 8/2). Sandstone is very fine 
grained, well sorted, and composed 
of subrounded clear quartz. Conglom
erate is composed of white and orange 
granules and pebbles of quartz aver
aging about % to % in. in maximum 
diameter and of white or yellowish 
gray granules and pebbles of siltstone 
or possibly dolomite; granules and peb
bles are in a very fine to fine-grained 
matrix. Sandstone to conglomerate is 
well cemented, calcareous; composed 
of thin trough sets of low-angle me
dium-scale cross-laminae in lower half 
and ripple laminae in upper half; 
weathers to form ledge. Thickness is 
maximum for local area. Conglomer
ate is present as thin to thick lenses 
interstratified with and interfingering 
irregularly with the sandstone. Basal 
contact is erosion surface with scours 
as much as 3 ft deep ............................. . 

Total of Shinarump ( ?) Member ..... . 

Section transfer1·ed on top of unit 3, so that 
overlying units measured 2,000 ft north, 
down creek from where unit 8 and under
lying units measured. 

Mottled strata: 
3. Silty sandstone, mottled light greenish 

gray (5GY 8/1), grayish purple (5P 
4/2), pale red purple (5RP 6/2), and 
grayish red (5R 4/2), sparse dark 
yellowish orange (lOYR 6/6), weath
ering same colors, silty, very fine to 
fine grained, about 10 to 20 percent of 
rock is medium grains to pebbles as 
large as % in. in maximum diameter, 
poorly sorted; composition of very fine 

Feet Chinle Formation (incomplete) -Continued Feet 

22.0 

90.6 
112.0 

224.6 

17.0 

17.0 

Mottled strata-Continued 
to fine grains concealed, medium to 
coarse grains are subangular clear 
quartz and, in lesser amounts, orange 
quartz; granules and pebbles are sub
rounded clear and orange quartz; well
indurated, possibly siliceous cement, 
noncalcareous; structureless; weath
ers to form·hackly surfaced ledge and 
forms tops of low mesas or hills in 
local area ................................................ 12± 

Total of mottled strata...................... 12± 

Total of Chinle Formation (com-
posite of Fort Wingate sections 
A and B).......................................... 1,619.0 

Moenkopi ( ?) Formation: 
2. Siltstone ( 40 percent) and sandstone 

(60 percent). Siltstone, grayish red 
(lOR 4/2), weathering same color, 
medium to coarse silt, sandy in parts 
(very fine grained), sparse very fine 
grained accessory white mica; firmly 
indurated, noncalcareous clay binding; 
stratification concealed; platy split
ting suggesting that rock is horizon
tally laminated. Silty sandstone, pale 
red (5R 6/2), rare dark reddish 
brown (lOR 3/4), weathering pale 
reddish brown (lOR 5/4), silty, very 
fine to fine grained, fair to well 
sorted; composition masked, grains 
are dark gray or red; well indurated, 
noncalcareous; stratification mostly 
concealed, some horizontal ( ?) lami
nae, possibly a few low-angle cross
laminae. Sandstone is present as thin 
to thick sets interstratified with the 
siltstone. Top 5 ft of unit is domi
nantly dark reddish brown (lOR 3/4) 
and contains mottling of very light 
gray (N 8) and pale red purple (5RP 
6/2). Possibly some of the mottled 
rock belongs in overlying unit. Con
tact with overlying unit placed at 
change from dominantly brownish 
rock below to dominantly mottled pur
ple, white, and brown rock above, and 
also at change from sandstone below 
to sandstone above containing a few 
scattered granules of quartz. In addi
tion, overlying unit forms a fairly 
well defined ledge ............................ \....... 36.3 

Total of Moenkopi ( ?) Formation.... 36.3 

San Andres Limestone : 
Limestone member: 

1. Dolomite and possibly some limestone, 
yellowish gray (5Y 8/1), weathering 
same color, dense; well cemented; 
structureless, some suggestion of 
horizontal stratification planes; weath
ers to form ledge. About 12 ft ex-
posed -----·-·······--·-··············-··--------·······Unmeasured 
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Base of section; base of exposure. Base of section 
about % mile N. 20° W. of Navajo Sheep Labora
tory on east side of creek that passes directly west 
of the laboratory. 

NM-3b. IOR T WINGATE SECTION B 
Measured in weste1·nmost pa1·t of Fort Wingate ordinance 

depot abo?:tt 9-Y2 to 4-Y2 miles west of town of Fort Wingate; 
u.nits 1-11 ?neasu?·ed !·rom. long 108°95'50" to 108°96'40" W. 
a.nd lat 95°28'05" N., and units 12-22 1neasured from long 
108°90'50" to 108°97'90" W. and lat 95°28'50" N., McKinley 
Count11 · 

[Measured by J. H. Stewart and R. F. Wilson, April1956] 

Top of section; not top of exposure. 
Entrada Sandstone (incomplete) : 

Upper sandy member: 
22. Sandstone, light brown (5YR 6/4), 

weathering same color, very fine 
grained, well sorted; composed of 
subrounded reddish-stained quartz 
and abundant black accessory min
eral; firmly to poorly cemented, cal
careous; composed of thin to very 
thick wedge planar sets of low-angle 
medium- to large-scale cross-laminae, 
common sets from 1 to 30 ft thick of 
horizontally laminated sandstone in
terstratified with rest of unit; weath
ers to form smooth bare rock slope 
and ledges. Basal foot of unit is 

Feet 

white (N 9) ...................................... Unmeasured 
Medial silty member: 

21. Sandstone and minor sandy siltstone, 
light brown (5YR 6/4) and pale red
dish brown (lOR 5/4), weathering 
pale reddish brown (lOR 5/4), very 
fine grained sandstone to coarse silt
stone with subordinate very fine 
grained sand, well sorted; composed 
of subrounded reddish-stained quartz 
and 5 percent black mineral; firmly 
to well cemented, calcareous; struc
tureless, stratification concealed in 
some places; weathers to form earthy 
slope. Contains two thin beds of white 
(N 9) fine-grained sandstone in basal 
half ......................................................... . 

Total of medial silty member ........... . 

Total of incomplete Entrada Sand-
stone ............................................... . 

Wingate Sandstone: 
Lukachukai Member: 

20. Sandstone, light brown (5YR 6/4), 
weathering same color, fine grained, 
sparse disseminated medium to coarse 
grains, fair to well sorted; composed 
of subrounded reddish-stained quartz 
and abundant black and white acces
sory minerals; poorly cemented, cal
careous; composed of thin to very 
thick wedge and tabular planar sets 
of medium- to large-scale high-angle 
cross-laminae, common (20 percent) 
horizontally laminated or structure-

38.4 

38.4 

38.4 

Wingate Sandstone-Continued 
Lukachukai Member-Continued 

less parts; weathers to form vertical 
cliff in basal 50 ft and rough gentle 
slope in rest of unit. One lamina 
was noted that was 30 percent very 
coarse grains to small granules of 
gray and milky quartz and white 
chert. Basal foot of unit is white 
(N 9). Unit from 139.4 to 144.4 ft 
is siltstone. Siltstone, grayish red 
(lOR 4/2), weathering same color, 
fine silt, abundant very fine grained 
mica; poorly cemented, slightly cal
careous; stratification concealed, platy 
splitting. Parts of unit poorly ex-
posed ....................................................... . 

Total of Lukachukai Member ...... .. 

Rock Point Member: 
19. Siltstone, pale reddish brown (lOR 5/4) 

and light brown (5YR 6/4), weather
ing same colors, medium silt; poorly 
to firmly cemented, calcareous; struc
tureless; a few horizontal stratifica-
tion planes; weathers to form slope ... . 

Total of Rock Point Member ....... . 

Total of Wingate Sandstone ........ .. 

Chinle Formation (incomplete) : 
Owl Rock Member: 

18. Siltstone (50 percent) and silty lime
stone (50 percent). Siltstone pale 
reddish brown (lOR 5/4), weathering 
same color, fine silt; firmly cemented, 
calcareous; stratification concealed. 
Silty limestone, pale reddish brown 
(lOR 5/4), and minor pale red 
purple (5RP 6/2), weathering same 
colors, dense; well cemented; strati
fication concealed; silty limestone 
grades to siltstone. Siltstone contains 
abundant limestone nodules in places. 
Unit marks top of purplish-appearing 
rocks ....................................................... . 

17. Limestone, grayish red (5RP 4/2) and 
minor light greenish gray (5GY 8/1), 
weathering light gray (N 7), dense; 
well cemented; unit is a thick hori
zontal bed; weathers to form ledge 
which is most prominent one in the 
upper part of Chinle Formation ....... . 

16. Siltstone, pale reddish brown (lOR 5/4) 
and pale red purple (5RP 6/2) in top 
foot, weathering same colors, fine to 
medium silt; firmly cemented, cal
careous; structureless, weathers to 
form slope ............................................ .. 

15. Limestone, grayish red purple ( 5RP 
4/2), weathering same color, dense; 
well cemented; unit is horizontal bed; 
weathers to form knobby ledge. Unit 
does not appear to extend more than 
100 ft away from line of section ....... . 

Total of Owl Rock Member ........... . 
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Feet 

158.4 

158.4 

30.8 

30.8 

189.2 

14.4 

3.0 

9.5 

1.3 

28.2 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) : 

Upper part: 
14. Clayey siltstone, pale reddish brown 

(lOR 5/4), light brown (lOYR 6/4), 
sparse brownish gray (5YR 4/1) and 
moderate yellowish brown (lOYR 
5/4), weathering same color;, fine to 
medium silt, clayey, some silty clay
stone, probably non bentonitic; firmly 
cemented, noncalcareous; structure
less; weathers to form slope covered 
by thin loose veneer of debris. This 
unit might contain some bentonitic 
rocks but base of unit marks change 
from largely bentonitic rocks below 
to largely nonbentonitic rocks above. 
When viewed from a distance, unit 
weathers with smooth surface instead 
of frothy surface as does underlying 
unit. Locally away from line of 
section about top 40 ft of unit con
tains a few thin silty limestone 
beds ----------------------------------------------------------

13. Claystone ( 40 percent), siltstone ( 43 
percent), and minor silty and clayey 
sandstone (17 percent), pale reddish 
brown (lOR 5/4), moderate red (5R 
5/4) , grayish red ( 5R 4/2), pale red 
(lOR 6/2), and sparse light-green
ish-gray ( 5GY 8/1) bands; swelling 
clays; firmly indurated, clay binding, 
noncalcareous; structureless, indis
tinct horizontal beds in some parts, 
possibly a few low-angle cross-strata. 
Silty and clayey sandstone is very 
fine grained; the composition is con
cealed. Purplish colors are most con
spicuous in basal 30 to 40 ft of unit. 
Top half of unit probably contains 
more siltstone than bottom half. 
These siltstones do not appear to con
tain swelling clays ------------------------------

12. Sandstone, yellowish gray (5Y 8/1), 
light greenish gray (5GY 8/1), and 
light olive gray (5Y 6/1), weather
ing same colors, very fine to fine 
grained, fair sorted; composed of sub
angular clear quartz, accessory min
erals masked; well cemented, calcare
ous; horizontally laminated and thin 
trough and tabular planar sets of 
low-angle small- to medium-scale 
cross-laminae; weathers to form hog
back. Hogback is about as prominent 
as that developed on the Sonsela Sand
stone Bed. Unit contains abundant 
siltstone pellets in some places. Unit 
is highly variable in thickness along 
exposure and locally sandstone is split 
into two ledges separated by a silt
stone or claystone interval. Unit mea
sured at place S. 45o E. of water 
tower on Fort Wingate ordinance 
depot --------------------------------------------------------

Feet Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Upper part-Continued 
Offset in section, so that unit 12 and over

lying units are measured about % mile 
north of underlying units. Possibly as 
much as 10 or 20 ft of section lost or 
gained in offset. 

11. Clayey siltstone to clayey sandstone, 
light greenish gray ( 5GY 8/1), 
weathering same color, grades from 
clayey siltstone to very fine grained 
clayey sandstone, some fine to coarse 
grains, common accessory white and 
dark mica; stratification concealed; 
weathers to form slope --------------------

10. Sandstone, light brownish gray (5YR 
6/1) and light olive gray (5Y 6/1), 
weathering same colors, fine grained, 
well sorted; composed of subrounded 
to subangular clear quartz and abun
dant black and orange accessory min
erals; firmly cemented, calcareous; 

110.0 horizontally laminated, some shallow, 
thin trough sets and tabular planar 
sets of low-angle small-scale cross
laminae; weathers to form ledge. 
Unit is a lens extending for about 
1,000 ft along the outcrop. Contains 
some siltstone pellets. One bone frag-
ment noted ----------------------------------------------

9. Claystone to clayey siltstone, pale red
dish brown (lOR 5/4), moderate red 
(5R 5/ 4), and grayish red (5R 4/2), 
subordinate grayish red purple (5RP 
4/2) in basal 30 ft, weathering same 
colors; swelling clays; firmly indu
rated, clay binding, calcareous; mostly 
structureless, a few horizontal bed
ding planes and very thin to thin 
beds; weathers to form frothy-sur
faced badlands. Contains several thin 

430.0 to very thick lenses of clayey and 
silty sandstone in basal half. These 
sandstones range from very fine to 
medium grained ----------------------------------·-

8. Siltstone to silty sandstone, grayish red 
(5R 4/2) and grayish red purple (5RP 
4/2), weathering same colors, non
swelling clays, horizontally very thin 
to thick bedded in upper part, low
angle inclined laminae in lower part; 
weathers to form slope _________________________ _ 

Total of upper part of Petrified 
Forest Member ------------------------------

Sonsela Sandstone Bed: 
7. Sandstone, light olive gray (5Y 6/1), 

light gray (N 7), and light green
ish gray (5GY 8/1), weathering same 
colors, fine to medium grained, fair 
to poorly sorted, composed of sub
rounded to s ubangular clear and 
milky quartz, 5 percent black grains 

23± and 2 percent orange grains; poorly 

Feet 

16.8 

11.2 

221.6 

22.4 

835.0 
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Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete)-Con. 

Sonsela Sandstone Bed-Continued 
cemented, calcareous; composed of 
thin to thick trough sets of medium. 
scale low-angle cross-laminae; weath· 
ers to form ledge and basal part of 
dip slope developed in upper part of 
Sonsela Sandstone Bed. Contains a 
thin bed of conglomerate at base. 
Conglomerate contains pebbles of 1·ed, 
black, and gray chert and sparse 
white quartz. Pebbles are as large as 
1% in. in maximum diameter. A few 
scattered granules and pebbles are 
present in rest of unit ......................... . 

6. Silty and clayey sandstone (90 percent) 
and silty claystone (10 percent). Silty 
and clayey sandstone, light greenish 
gray (5GY 8/1) and greenish gray 
(5GY 6/1), weathering same colors, 
fine to medium grained, sparse coarse 
grains, poorly sorted; composed of 
subangular to angular clear and 
milky quartz and abundant orange 
and green accessory minerals, com
mon dark-green accessory mica; 
poorly indurated, clay binding; hori
zontally laminated to thin bedded. 
Silty claystone, similar to claystone 
in unit 3. Unit as whole weathers to 
form slope ............................................. . 

5. Mostly covered, probably mostly red-
dish claystone and siltstone ............... . 

4. Sandstone to conglomerate, yellowish 
gray (5Y 8/1), weathering same 
color, fine to medium grained, fair 
sorted; composed of subangular clear 
and milky quartz and 2 to 5 percent 
black and red accessory minerals; 
firmly to well cemented, noncalcare
ous; composed of thin to thick trough 
sets of low-angle medium-scale cross
laminae; weathers to form a ledge and 
part of dip slope of hogback devel
oped on Sonsela Sandstone Bed. Con
glomerate to conglomeratic sandstone 
constitutes about 10 to 20 percent of 
the unit and is composed of gray, red, 
and black chert and minor white 
quartz pebbles in a fine- to medium
grained sand matrix. Pebbles are as 
large as 2 in. in maximum diameter. 
Unit is highly variable in thickness 
and in content of conglomerate ......... . 

3. Claystone (80 percent) and clayey 
sandstone (20 percent). Claystone, 
grayish red purple (5RP 4/2), weath
ering same color; swelling clays; 
poorly indurated, slightly calcareous; 
stratification concealed. Clayey sand
stone, light brownish gray (5YR 6/1) 
and light greenish gray (5GY 8/1), 
weathering same colors, very fine to 

Feet Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Feet 

26± 

11.6 

16.4 

5± 

Sonsela Sandstone Bed-Continued 
fine grained, fair sorted; composed 
of subangular clear and milky quartz 
and 5 percent black and green acces
sory mineral; poorly cemented, clay 
binding; stratification concealed. Unit 
as whole weathers to form slope ....... . 

2. Sandstone, sam·e as unit 16, Fort Win· 
gate section A. In basal 20 ft, unit 
contains a few thin lenses containing 
a few scattered granules and pebbles. 
Granules and pebbles are as large as 
1 in. in maximum diameter and are 
composed of gray, and minor red, 
chert. Basal contact of unit covered. 
Unit poorly exposed in upper part. 
Thickness of unit may be slightly in 
error because of low dips and long 
dip slopes ............................................... . 

Total of Sonsela Sandstone Bed ..... . 

Lower part of Petrified Forest Member: 
1. Silty claystone, same as unit 13, Fort 

17.0 

83.2 

159.2 

Wingate section A ............................ Unmeasured 
Base of section; not base of exposure. Base of section 

is about 2 miles N. 65° W. of Navajo Sheep Lab
oratory, about 2 miles N. 85° W. of Fort Wingate, 
and about 1% miles S. 71 o W. of top of Fort Win· 
gate section A. Units 1-11 measured across a 
1-mile-wide area along a S. 75° W. line. 

NM-4. TODILTO PARK 
Measu'ted in Todilto Park, 1 ~ miles north-northeast of june· 

tion of Todilto Wash and Bowl Canyon Wash, long 
108°58'05" W., lat 35°57'30" N., McKinley County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; not top of exposure. Feet 

Entrada Sandstone (incomplete) : 
Upper sandy member: 

14. Sandstone, moderate reddish brown 
(lOR 4/6) to light brown (5YR 6/4), 
weathering same colors, very fine 
grained, well sorted; composed·· of 
subrounded amber-stained quartz and 
common black accessory mineral; 
poorly cemented, calcareous; com
posed of planar sets of small- and 
medium-scale cross-laminae, some 
horizontal stratification planes; 
weathers to form vertical cliff. Only 
basal 10 ft examined. Basal 3 ft is 
yellowish gray (5Y 8/1) and this 
color forms a prominent band at the 
base of unit. Unit. close to 200 ft 
thick and forms main part of cliffs 
in Todilto Park. Base of unit sharp 
and marks conspicuous lithologic 
change ... : .......................................... Unmeasured · 

Medial silty member: 
13. Sandy siltstone to silty sandstone, pale 

reddish brown (lOR 5/4), weathering 
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Entrada Sandstone (incomplete) -Continued 
Medial silty member-Continued 

same color, grades from sandy silt
stone to silty very fine grained 
sandstone, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory minerals; well ce
mented, slightly calcareous; stratifi
cation indistinct, wavy h.orizontal 
laminae appear to be dominant, minor 
thin trough sets of low-angle small
scale cross-laminae; weathers to form 
vertical cliff with hoodoo or knobby 
surface. Unit contains about 1 per
cent medium to coarse quartz and 
white chert ( ?) grains. Units 12 and 
13 might represent the entire medial 
silty member. Units 10 and 11 were 
included in this member because they 
contain medium to coarse dissemi
nated grains commonly present in the 
medial silty member and because unit 
10 may be a marker horizon of the 
base of the medial silty member ....... . 

12. Sandstone, light brown (5YR 6/4) and 
moderate reddish brown (lOR 4/6), 
weathering light brown (5YR 6/4); 
very fine grained, well sorted; com
posed of subrounded clear quartz and 
sparse black accessory minerals; 
firmly cemented, calcareous. Unit is 
a tabular planar set of low-angle 
large-scale cross-laminae. Unit weath
ers to form steep bare rock slope at 
base of vertical cliff developed on 
overlying units. About 1 percent of 
the grains in the sandstone are me
dium to coarse clear quartz and white 
chert ( ?) --------------------------------------------------

11. Silty sandstone and minor sandy silt
stone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), weath
ering same colors, silty, very fine 
grained sandstone grading to sandy 
siltstone, fair to well sorted; com
posed of subrounded reddish-stained 
quartz and sparse black accessory 
mineral; firmly cemented, calcareous; 
structureless; weathers to form slope. 
A few medium to coarse quartz and 
white chert (?) grains are present ..... . 

10. Sandstone, pale reddish brown (lOR 
5/4), grayish orange pink (5YR 7 /2) 
in top foot, weathering same colors, 
fine to medium grained, common dis
seminated coarse grains in places, 
fair to poorly sorted; composed of 
subrounded to subangular reddish
stained quartz and 1 percent black 
grains, coarse grains are commonly 
white chert (?) ; firmly cemented, cal
careous; composed dominantly of thin 
trough sets of low-angle small-scale 
cross-laminae in lower half, and dom-

Feet Entrada Sandstone (incomplete) -Continued 
Medial silty member-Continued 

inantly of horizontal laminae in up
per half; weathers to form small 
ledge. Unit apears to be persistent, 
although it varies in thickness along 
the outcrop. In places unit forms 
whitish ledge. This unit may be the 
same as the thin white sandstone at 
the base of unit 9 of the Fort Defi
ance section --------------------------------------------

Total of medial silty member ........... . 

Total of incomplete Entrada Sand-
stone ------------------------------------------------

Wingate Sandstone (Rock Point Member): 
9. Siltstone, pale reddish brown (lOR 5/4) 

and light brown (5YR 6/4), weather
ing same colors, coarse silt grading, 
in a few places, to silty very fine 
grained sandstone; well cemented, 
calcareous; horizontal wavy laminae, 
gnarly bedding in part; weathers to 

33.0 form steep slope with vertical cliff 
at top. No medium to coarse grains 
noted --------------------------------------------------------

8. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of 
subrounded reddish-stained quartz 
and <1 percent black mineral; poorly 
cemented, calcareous; composed of 
thin to very thick wedge planar sets 
of medium- to large-scale cross-lami
nae, some concealed stratification; 
weathers to form ledge. This unit and 
units 6 and 7 form the prominent 
ledgy interval in the middle of the 

7.5 Rock Point Member. Top 10 ft poorly 
exposed ----------------------------------------------------

Offset on top of unit so that overlying units 
measu1·ed 1,000 ft S. 30° W. of unit 7. 

7. Siltstone, moderate brown (5YR 4/4), 
weathering same color, fine silt; 
firmly to well cemented, calcareous, 
structureless; weathers to form re-
entrant between ledges ......................... . 

6. Silty sandstone, light brown (5YR 6/4 
and 5YR 5/6), weathering same col
ors, very. fine grained, silty, well 

11.0 sorted; composed of subrounded red
dish-stained quartz and 1 or 2 per
cent black grains; firmly cemented, 
calcareous; appears to be mostly 
structureless, some thin to thick 
possibly planar sets of small- to me
dium-scale high- and low-angle cross
laminae in lower half of unit, 
structureless parts may actually con
tain concealed cross-stratification; 
weathers to form bare rock ledge ..... : 

5. Siltstone to sandy siltstone, light brown 
(5YR 6/4), minor moderate brown 
( 5 Y R 4/4), and sparse pale reddish 

Feet 

5.7 

57.2 

57.2 

36.6 

35.0 

2.7 

21.6 
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Wingate Sandstone (Rock Point Member)-Con. 
brown (lOR 5/4), weathering same 
colors, medium to coarse silt, sandy 
(very fine grained) in parts; firmly 
to well cemented, calcareous. From a 
distance unit appears to be very 
thick bedded, but on close examina
tion most of unit appears structure
less, some parts appear horizontally 
laminated, a few places contain poorly 
defined very low angle cross-lami
nated sets, and a few other places 
appear to be composed of thin poorly 
defined lenses. Unit weathers to form 
slopes and smooth bare rock ledges. 
Ledges are not continuous along ex
posure. A thin to thick lens of intra
formational conglomerate is present 
at 52 ft above base of unit. This con
glomerate is composed of rounded 
reddish granules to pebbles (as large 
as 2 in. in maximum diameter) set 
in a silt matrix. A few bone frag
ments as large as % in. are present 
in the conglomerate ............................... . 

4. Siltstone, pale reddish brown (lOR 5/4), 
sparse pale red (lOR 6/2), weather
ing same colors, fine silt; firmly to 
well cemented, calcareous; stratifica
tion concealed; weathers to form 
slope. Unit is lighter colored than 
overlying unit. Top of Owl Rock 
Member could be placed at top of this 
unit ........................................................ .. 

3. Limy siltstone, pale red (lOR 6/2), 
weathering same color, coarse silt; 
well cemented, calcareous; horizon
tally laminated, minor ripple lami
nae; weathers to form small ledge. 
May belong in Owl Rock Member 
but is not a limestone .......................... .. 

2. Siltstone, moderate reddish brown (lOR 
4/6), weathering pale reddish brown 
(lOR 5/4), medium silt; poorly indu
rated,. calcareous; structureless; 
weathers to form slope ......................... . 

Total of Wingate Sandstone (Rock 
Point Member) ............................ .. 

1. Limestone (50 percent) and siltstone 
(50 percent). Limestone, pale red 
purple ( 5RP 6/2) and light greenish 
gray (5GY 8/1) to greenish gray 
(5GY 6/1), colors mottled, weather
ing same colors, dense; well ce
mented; thin to thick horizontal beds 
interstratified with siltstone. Silt
stone, grayish red ( 5R 4/2) , weather
ing pale red (5R 6/2), fine silt; 
firmly indurated, clay binding and 
calcareous cement; stratification con
cealed. Siltstone is present as very 
thin to very thick sets interstratified 
with limestone. Unit as whole weath
ers to form steep slope with ledges 

Feet 

211.6 

3.0 

1.7 

7.7 

319.9 

Wingate Sandstone (Rock Point Member)-Con. Feet 

on limestone sets. About 25 ft ex-
posed .................................................. Unmeasured 

Base of section; base of exposure. 

NM-5a. ZUNI SECTION A 

Measu'red on southwest side of hill lying about 1 mile north
west of high mesa capped by Dakota Sandstone and about 
2 miles east of the town of Zuni, southwest quarter of sec. 
26, T. 10 N., R. 19 W., NMPM, McKinley County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section; top of exposure. Feet 

Wingate Sandstone (Rock Point Member) : 
6. Siltstone to sandstone (70 percent) and 

siltstone (30 percent). Siltstone to 
sandstone, light brown (5YR 6/4) 
and subordinate very pale orange 
(lOYR 8/2), weathering same colors, 
grades from coarse siltstone to very 
fine grained sandstone, well sorted; 
composed of subrounded clear and 
reddish-stained quartz and common 
black accessory mineral; firmly to 
well cemented, calcareous; horizon
tally laminated, abundant cuspate 
ripple laminae, and common planar 
and trough sets of low-angle small
scale cross-laminae. Siltstone, grayish 
red (lOR 4/2), weathering pale red
dish brown (lOR 5/4), fine silt; com
mon very fine grained accessory white 
mica; firmly indurated, clay binding 
and calcareous cement; stratification 
concealed but appears to be domi
nantly horizontally laminated. Silt
stone present as laminae to very 
thick beds interstratified with thin to 
very thick sets of siltstone to sand
stone. Unit weathers to form a ledgy 
slope and caps small hill........................ 45.0 

5. Sandstone, light greenish gray (5GY 
8/1), weathering same color, very 
fine grained, well sorted; composed of 
subrounded clear and milky quartz 
and 1 percent orange and black min
erals; poorly cemented, calcareous; 
stratification concealed; weathers to 
form reentrant along line of section. 
Contains granules to pebbles as large 
as 1 in. in diameter of chert and sub
ordinate quartz. The granules and 
pebbles comprise from 1 to 5 percent 
of the unit and are disseminated in 
the sandstone. A few of the larger 
pebbles are faceted and appear to be 
ventifacts. Base of unit covered........ 1.0 

Total of Wingate Sandstone (Rock 
Point Member) .............................. 46.0 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

4. Silty claystone, pale reddish brown 
(lOR 5/4), dark reddish brown (lOR 
3/4), and grayish red (lOR 4/2), 
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Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

weathering same colors; swell
ing clays; firmly indurated, noncal
careous; structureless; weathers to 
form steep frothy-surfaced slope. Ex
posure of unit contains many slump 
blocks of overlying unit. Unit con
tains a few thick lenses of very fine 
grained clayey sandstone and a few 
thin layers near the top containing 
limestone nodules ----------------------------------

3. Sandstone, same as unit 1. This unit 
probably correlates with the sand
stone unit below the water tank on 
south side of the town of Zuni. This 
unit and unit 1 are locally quarried 
for flagstone. Unit weathers to form 
ledge and marks top of purplish zone 
at base of hilL .......... ________________ · _____________ _ 

2. Clayey siltstone, pale reddish brown 
(lOR 5/4), weathering same color; 
poorly cemented, clay binding; struc
tureless; weathers to form frothy
surfaced slope. Unit probably con-
tains swelling clays _____________________________ _ 

1. Sandstone, pale red purple (5RP 6/2), 
weathering same color, very fine to 
fine grained, fair sorted; composed of 
subangular milky quartz and 10 per
cent black grains; well cemented, cal
careous; horizontally laminated, com
mon thin trough and tabular planar 
sets of small-scale low-angle cross
laminae; weathers to form ledge. 
Unit pinches out 50 ft to west of line 
of section. Base of unit not exposed .. 

Total of incomplete Petrified For
est Member ----------·---------·--------------

Total of incomplete Chinle Forma-
tion -----·--------··-·-------·-------------·----------

Base of section; base of exposure. Base of section 
is about 2 miles N. 86° E. of water tank on south 
side of town of Zuni. 

NM-5b. ZUNI SECTION B 

Feet 

150.2 

12.2 

5.6 

10.0 

178.0 

178.0 

Measured on west side of high mesa capped by Dakota Sand
stone about 3 miles east-southeast of the town of Zuni and 
about 2% miles south of town of Black Rock, west-central 
part of sec 36, T. 10 N., R. 19 W., NMPM, McKinley 
County 

[Measured by J. H. Stewart and R. F. Wilson, April 1956] 

Top of section ; not top of exposure. Section ends 
about 400 ft below top of mesa. Top of section 
about 3 miles S. 81 o E. of water tower on south 
side of town of Zuni. 

Entrada Sandstone (incomplete) : 
Upper sandy member: 

10. Sandstone, light brown (lOYR 6/4) and 
very pale orange (lOYR 8/2), very 
fine to fine grained, well sorted; com
posed of subrounded clear quartz and 
sparse black accessory mineral; 
poorly to firmly cemented, calcareous; 

Entrada Sandstone (incomplete)-Continued Feet 

Upper sandy member-Continued 
composed of horizontal laminae, which 
have irregular waviness with a max
imum amplitude of about % in., and 
poorly defined thin planar (?) sets 
of small- to medium-scale low to very 
low angle cross-laminae; weathers to 
form vertical cliff. Unit contains 
about 1 percent medium to very 
coarse well-rounded clear quartz 
grains, white chert ( ?) grains, and 
grains of a black mineral. Only basal 
20ft of unit examined. Unit is totally 
about 300 ft thick. ........................... Unmeasured 

Medial silty member ( ?) : 
9. Siltstone (70 percent) and sandstone 

(30 percent). Siltstone, grayish red 
(lOR 4/2), weathering same color, 
common fine-grained accessory 
white mica; firmly indurated, clay 
binding, noncalcareous; statification 
concealed. Sandstone, light brown 
(5YR 6/4), weathering same color, 
very fine grained, well sorted; com
posed of subrounded reddish-stained 
quartz and sparse black accessory 
minerals; horizontally laminated. 
Sandstone is present as thin sets in
terstratified with siltstone. Some 
parts of unit are poorly exposed. Unit 
might be an upper part of the Rock 
Point Member and not part of the 
Entrada Sandstone. Unit pinches out 
to north along exposure. Unit as 
whole weathers to form a bench........ 8± 

Total of medial silty member ( ?) .... 8± 

Total of incomplete Entrada Sand-
stone ------------·--·-------------------------------- 8± 

Wingate Sandstone (Rock Point Member): 
8. Sandstone; same as unit 5; weathers 

to form a vertical cliff __________________ _' ______ _ 

7. Sandstone (50 percent) and siltstone 
(50 percent). Sandstone same as that 
in unit 5, present as laminae to thin 
sets interstratified with siltstone. Sets 
are horizontally laminated and rarely 
contain thin trough sets of small
scale low-angle cross-laminae. Silt
stone, same as that in unit 3. 
Abundant" mud-crack fillings. This 
unit and underlying unit weather to 
form a reentrant ___________________________________ _ 

6. Sandstone; same as unit 4; poorly ex
posed. This unit and overlying unit 
weather to form a reentrant ··------·------

5. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine to 
fine grained, well sorted, composed of 
subrounded clear quartz and abun
dant black accessory minerals; poorly 
cemented, calcareous; composed of 
sets of horizontal laminae from about 

53.4 

3.8 

8.0 
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Wingate Sandstone (Rock Point Member)-Con. 
a foot to over 10 ft thick alternating 
with cosets of about same thickness 
of thin trough sets of low-angle me
dium-scale cross-laminae; weathers to 
form a steep ledgy slope or locally 
a vertical cliff. Contains laminae of 
grayish-red siltstone interstrati:fied 
with sandstone. These laminae com-
prise about 3 percent of unit ............... . 

4. Sandstone, very pale orange (10YR 
8/2), sparse light brown (5YR 6/4), 
we a the1·ing same color, very fine 
grained, sparse disseminated fine to 
medium grains, fair sorted; composed 
of subrounded clear quartz and sparse 
black accessory mineral; poorly to 
:firmly cemented, calcareous; com
posed of thin wedge-planar sets of 
small- to medium-scale high-angle 
cross-laminae; weathers to form 
ledge which makes conspicuous white 
band along line of exposure ............... . 

3. Siltstone to sandstone (60 percent) and 
siltstone (40 percent). Siltstone to 
sandstone, light brown (5YR 6/4), 
very pale orange (10YR 8/2), and 
light greenish gray (10YR 8/1), 
grades from coarse silt to very fine 
grained sand, well sorted; composed 
of subangula1· clear, milky and red
dish-stained quartz and common black 
accessory mineral; well cemented, cal
careous; horizontally laminated, abun
dant ripple laminae; flaggy and 
slabby spitting. Siltstone, grayish red 
(lOR 4/2), weathering same color; 
well indurated, clay binding; horizon
tally laminated to very thin bedded. 
Siltstone present as laminae to thick 
sets interstrati:fied with laminae to 
very thick sets of sandstone to silt
stone. Unit as whole weathers~ form 
ledges separated by reentrants on silt
stone. Unit forms brownish lower 
part of Rock Point Member. Unit 
contains common mud-crack fillings. 
Top 10 ft of unit is about 80 percent 
light-brown (5YR 6/4) fine to very 
fine grained fair-sorted sandstone 
that is composed of trough sets of 
medium-scale low-angle cross-lami
nae and minor horizontal laminae to 
thin beds. Some of the sandstone con
tains common medium well-rounded 
grains ..................................................... . 

2. Silty pebbly sandstone, light greenish 
gray (5GY 8/1), weathering same 
color, composed of granules and peb
bles as large as 1 in. in maximum 
diameter, in a silty, very fine grained 
sand matrix. Granules and pebbles 
comprise about 5 to 10 percent of unit 
and are faceted and pitted chert and 

Feet 

73.8 

4.0 

56.1 

Wingate Sandstone (Rock Point Member)-Con. 
rarely quartzite. The granules and 
pebbles are probably ventifacts. Unit 
is firmly cemented, calcareous; com
posed of horizontal laminae to very 
thin beds; weathers to form reen-
trant ....................................................... . 

Total of Wingate Sandstone (Rock 
Point Member) ..... · ........................ . 

Contact between Wingate and Chinle sharp and even. 
One clastic dike filled with material like that in 
unit 4 extends down at least 1.5 ft into the Chinle. 
This dike is about 1 in. wide. 

Chinle Formation: 
Petrified Forest Member: 

1. Silty claystone, grayish red purple 
(5RP 4/2), weathering same color; 
contains swelling clays; firmly in
durated, calcareous; structureless; 
weathers to form slope. Only top 5 ft 

Feet 

.2 

199.3 

examined .......................................... Unmeasured 
Base of section; not base of exposure. 

NM-6. ABIQUIU 
Measured about .4 Y4 miles west-northwest of town of Abiquiu, 

starting at U.S. Highway 85; northeastern part of section 
10 (unsu1·veyed), T. 23 N., R. 5 E., NMPM, Rio Arriba 
County 

[Measured by J. H. Stewart and R. F. Wilson, July 1956] 

Top of section; top of exposure. Top of section is 
probably close to, if not at, the top of the Poleo 
Sandstone Lentil. 

Chinle Formation (incomplete) : 
Poleo Sandstone Lentil : 

4. Three interstrati:fied. rock types·: (1) 
sandstone, (2) conglomerate, and (3) 
silty claystone to silty sandstone. 
Sandstone, yellowish gray (5Y 8/1 
and 5Y 7/2), grayish yellow (5Y 
8/4), and grayish orange (10YR 
7/4}, weathering same colors, fine 
to medium grained, fair to well sorted, 
composed of subangular clear quartz 
and sparse black accessory minerals; 
firmly to well cemented, calcareous; 
composed of thin to thick trough and 
possibly planar sets of small- to me
dium-scale low- and high-angle cross
strata. Much of sandstone, possibly 50 
percent, is structureless or the strat
ification is concealed. Conglomerate, 
dark yellowish orange (lOYR 6/6) 
to very pale orange (lOYR 8/2), 
weathering pale yellowish orange 
(lOYR 8/6), composed of granules 
and pebbles of quartz, quartzite, and 
chert in a silt or fine- to coarse
grained sand matrix. Orange and red 
chert pebbles are common. Granules 
and pebbles average about % to % 
in. in diameter. Largest pebbles are 
about 2% in. in maximum diameter. 
Conglomerate is poorly cemented. The 
cement is slightly calcareous and is 
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Chinle Formation (incomplete)-Continued 
Poleo Sandstone Lentil-Continued 

probably mostly limonite. Some of the 
conglomerate occurs in layer 10 or 
more feet thick which contains low
angle large-scale cross-laminae. Some 
of th~ cross-laminae extend for at 
least 100 ft. These long cross-laminae 
possibly are part of delta forest bed
ding. Some of conglomerate is struc
tureless. All gradations from con
glomerate to sandstone are present. 
Silty claystone to silty sandstone, 
grayish red (lOR 4/2), and minor 
moderate red (5R 5/4) and pale 
yellowish brown (lOYR 6/4), weather
ing same colors, composed of parti
cles grading from clay to very fine 
grained sand, some swelling clays; 
firmly to well cemented, calcareous in 
places; horizontally laminated to thin 
bedded. Unit as whole weathers to 
form vertical cliff. Proportion and 
position of the three lithologic types 
vary greatly along outcrop. Along line 
of section lithologic types are present 
in following sequence: 0 to 12.7 ft 
conglomerate, 12.7 to 19.0 ft sand
stone, 19.0 to 28.0 ft conglomerate, 
28.0 to 32.0 ft sandstone, 32.0 to 45.0 
ft conglomerate, 45.0 to 61.6 ft sand
stone, 61.6 to 64.6 ft silty claystone 
(type 3), 64.6 to 72.8 ft conglomerate, 
72.8 to 101.0 ft sandstone, 101.0 to 
112.0 ft silty claystone to siltstone 
(type 3), 112.0 to 123.2 ft sandstone, 
123.2 to 125.0 ft siltstone, 125.0 to 
129.0 ft sandstone, 129.0 to 137.0 ft 
siltstone to silty sandstone, and 137.0 
to 162.4 ft sandstone. Base of unit is 
sharp and is surface of erosion. 
Scours several feet deep are pres-
ent ........................................................... . 

Total of Poleo Sandstone LentiL ... . 

Agua Zarca Sandstone Member: 
3. Siltstone, light gray (N 7), greenish 

gray (5GY 6/1), and pale red (lOR 
6/2), weathering same colors, silt 
with common disseminated very fine 
to coarse angular quartz grains; 
firmly indurated, noncalcareous; 
stratification concealed; weathers to 
form slope. Unit poorly exposed. Top 
3 ft, or possibly more, of the unit is 
sandstone. Sandstone, pale purple 
(5P 6/2), medium to coarse grained, 
clay matrix, angular to subangular 
grains, composition masked; stratifi
cation concealed. Away from line of 
section, the sandstone of top of unit 
thickens to about 15 ft ......................... . 

2. Sandstone to conglomerate, light gray 
(N 7), yellowish gray (5Y 8/1), 

Feet 

162.4 

162.4 

16.4 

Chinle Formation (incomplete) -Continued 
Agua Zarca Sandstone Member-Continued 

grayish yellow (5Y 8/4), grayish pur
ple (5P 4/2), and grayish red (5R 
4/2), weathering same colors, me
dium to coarse grained, some very 
coarse grains, fair sorted; composed 
of subangular to angular clear quartz, 
possibly some feldspar, no accessory 
minerals noted; poorly cemented, cal
careous in parts; composed of thin 
to thick trough sets of small- to me
dium-scale cross-laminae. Cross-strata 
difficult to see. Some parts of unit 
appear structureless. Possibly some 
horizontally stratified parts. Unit 
weathers to form vertical cliff. 
Sandstone grades to conglomerate. 
Probably 10 percent of unit is con
glomerate and 20 percent of unit is 
conglomeratic sandstone. Conglomer
ate contains granules to cobbles of 
quartz, quartzite, and chert. Gran
ules and small pebbles are largely 
quartz and chert. Large pebbles and 
cobbles are dominantly quartzite. 
Cobbles are as large as 5 in. in max
imum diameter and are commonly 2 
to 3 in. in maximum diameter. Base 
of unit is surface of erosion. Irregu
larities on erosion surface are as 
much as 5 ft ........................................... . 

Total of Agua Zarca Sandstone 
Member ........................................... . 

Total of incomplete Chinle Forma-
tion ................................................. . 

Cutler Formation: 
1. Silty sandstone to sandy siltstone (60 per

cent) and sandstone (40 percent). 
Silty sandstone to sandy siltstone, 
grayish red (lOR 4/2), pale reddish 
brown (lOR 5/4), common light green
ish gray (5GY 8/1) spots and streaks, 
weathering same colors, silt to very 
fine grained sand, subordinate fine to 
coarse grains, abundant accessory 
white and dark-green mica; firmly to 
well cemented, calcareous; irregular 
horizontal stratification, thin to thick 
horizontal lenses common. Sandstone, 
grayish red (5R 4/2), pale red (5R 
6/2), pale reddish brown (lOR 5/4), 
and minor light greenish gray (5GY 
8/1), weathering same colors, fine to 
very coarse grained, poorly to fair 
sorted, composed of reddish-stained 
quartz in reddish parts and clear 
quartz in greenish parts, 10 percent 
pink feldspar, and 2 percent dark
green and white mica; poorly ce
mented, calcareous; composed of thin 
trough sets of medium-scale cross
laminae, and of horizontal laminae to 

Feet 

51.0 

67.4 

229.8 
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Cutler Formation-Continued 
thin beds, some conto1·ted strata. 
Sandstone is present as thin to very 
thick cosets or lenses interstratified 
with the rest of the unit. Unit as 
whole weathers to form vertical cliff. 
Sandstone contains a few scattered 
pebbles of dark-gray quartzite. About 

Feet 

100 ft of unit exposed .................... Unmeasured 
Base of section; base of exposure. Base of section 

at U.S. Highway 85. 

NM-7. COYOTE 

Measu1·ecl about 9% miles N. 10° W. of the town of Coyote 
ancl within 1,500 ft east of p1·ominent noTth-trencling fault, 
no?·thweste?'n pa1·t of sec. 21, T. 29 N., R. 9 E., NMPM, 
Rio A ?Tiba County 

[Measured by J. H. Stewart and R. F. Wilson, July 1956] 

Top of section; not top of exposure. Top of section is Feet 

N. 59° W. of Cerro Pedernal. 
Entrada Sandstone: 

13. Sandstone, light brown (5YR 6/4) to 
moderate reddish orange (lOR 6/6), 
subordinate yellowish gray (5Y 8/1), 
weathering same colors, fine to me
dium grained, fair to well sorted; 
composed of subrounded to round red
dish-stained quartz (in places clear 
quartz), and sparse black accessory 
minerals; poorly cemented, calcare
ous; horizontally laminated, possibly 
some large-scale cross-strata; weath
ers to form steep slope in lower part 
and vertical cliff in upper part. Unit 
about 300 ft thick but orily basal 50 
ft examined ...................................... Unmeasured 

Chinle Formation: · 
Petrified Forest Member: 

12. Siltstone to clayey siltstone, grayish red 
(lOR 4/2), minor pale reddish brown 
(lOR 5/4), and common light-green
ish-gray (5GY 8/1), sparse dark-yel
lowish-orange (lOYR 6/6) spots, 
weathering same colors, fine to coarse 
silt, swelling clays in part of unit; 
firmly cemented, calcareous in places; 
structureless in places and horizon
tally laminated in other places; 
weathers to form steep slope, frothy
surfaced in places. Top 4 ft of unit 
contains several thin beds of pale-red 
(lOR 6/2) to grayish-red (lOR 4/2) 
very fine grained sandstone. This unit 
is siltier and contains less swelling 
clay than unit 10.................................... 83.5 

11. Covered; exposures of part of this in-
terval to north of line of section show 
rocks similar to those of unit 10........ 132.0 

10. Clayey siltstone to silty claystone, pale 
reddish brown (lOR 5/4), moderate 
red ( 5R 5/4), dark reddish brown 
(lOR 3/4), grayish red (5R 4/2), and 
common mottles and spots of light 
greenish gray (5GY 8/1), weathering 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

same colors, swelling clays; grades to 
siltstone in places; firmly cemented, 
clay binding, calcareous; dominantly 
structureless, some horizontal strati
fication planes, some horizontally 
laminated parts; weathers to form 
frothy-surfaced slope. Unit contains 
many layers of limestone nodules. 
Unit contains a few thin horizontal 
beds of very fine grained sandstone. 
Unit from 220 ft to 264 ft is domi
nantly siltstone. This siltstone is hor
izontally laminated and contains some 
ripple laminae and a few low-angle 
large-scale cross-strata ...................... .. 

9. Unit composed of two intergrading lith
ologic types: type 1 (60 percent), 
siltstone to sandy siltstone, type 2 
(40 percent), sandstone to sandy silt
stone. Siltstone to sandy siltstone 
(type 1) grayish red (lOR 4/2) and 
sparse greenish gray (5GY 6/1), 
weathering same colors, fine siltstone 
to very fine grained sandy coarse 
siltstone, sparse very fine grained ac
cessory white mica; firmly cemented, 
calcareous; appears dominantly struc
tureless, subordinate horizontally lam
inated and ripple laminated (cuspate 
type) parts. Sandstone to sandy silt
stone (type 2), light greenish gray 
(5GY 8/1), greenish gray (5GY 
6/1), and grayish red (5R 4/2), 
weathering same colors, very fine 
grained sandstone to sandy (very fine 
grained) coarse siltstone, common 
fine-grained accessory white and 
dark-green mica; well cemented, cal
careous; ripple laminated (cuspate 
type), minor horizontal laminae and 
sparse thin trough sets of small- to 
medium-scale cross-laminae; sand
stone to sandy siltstone (type 2) is 
present as very thin to very thick 
sets interstratified with the rest of 
the unit. Sandstone to sandy siltstone 
(type 2) weathers to form ledges, 
and siltstone to sandy siltstone (type 
1) forms intervening slopes. Both 
lithologic types contain carbonaceous 
material. A few thin sets of lime
stone-grain sandstone are pres
ent. Some of siltstone contains 
swelling clay. Unit may be laterally 
equivalent to part of Poleo Sandstone 
Lentil. Unit contains a few large
scale low-angle cross-stratified sets 
that may be deltaic foreset strata ...... 

Total of Petrified Forest Member .. 

Poleo Sandstone Lentil: 
8. Sandstone (80 percent) and sandy silt-

197 

Feet 

423.5 

71.5 

710.5 
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Chinle Formation-Continued 
Poleo Sandstone Lentil-Continued 

stone (20 percent). Sandstone, yel
lowish gray (5Y 8/1 and 5Y 7/2), 
weathering pale yellowish brown 
(lOYR 6/2), fine to medium grained, 
subordinate very fine grained parts, 
fair sorted; composed of subrounded 
to subangular clear quartz and sparse 
black accessory mineral; well ce
mented, calcareous; horizontally lam
inated, minor ripple laminae (cuspate 
type) and sparse thin trough sets of 
small- to medium-scale cross-laminae. 
Sandy siltstone, greenish gray (5GY 
6/1) and light olive gray (5Y 6/1), 
weathering same colors, sandy (very 
fine grained) coarse siltstone, abun
dant medium-grained accessory white 
and dark-green mica; firmly ce
mented, calcareous; horizontally 
thinly laminated to laminated, minor 
ripple-laminated parts, cuspate-type 
ripples. Unit weathers to form vertical 
cliff in lower parts and ledges and 
slopes in upper part. Slopes are 
mostly developed on sandy siltstone. 
Sandy siltstone is present in upper 
half of unit and occurs as thick to 
very thick sets interstratified with 
very thick sets of sandstone. Poorly 
preserved carbonaceous material is 
common in the sandy siltstone. Molds 
of fossil wood are common in the 
sandstone. Basal 20 ft of sandstone 
contains a few thin lenses of pebbly 
sandstone. Pebbly sandstone contains 
granules and pebbles of siltstone and 
a few granules and pebbles of white 

quartz ------------------------------------------------------

Total of Poleo Sandstone Lentil ___ _ 

Offset in section, so that unit 8 and overly
ing units measured 1,000 ft no'rth of unit 
7 and on other side of prominent canyon. 

Salitral Shale Tongue: 
7. Silty claystone to clayey siltstone, 

grayish red (5R 4/2 and lOR 4/2) 
and subordinate pale purple (5P 6/2) 
and light greenish gray ( 5GY 8/1), 
weathering grayish red (5R 4/2 and 
lOR 4/2), swelling clays; firmly in
durated, noncalcareous; structure
less; weathers to form frothy-surfaced 
slope. About 50 ft to southwest of 
line of section, unit from about 12 to 
25 ft above base is composed of 
yellowish-gray (5Y 8/1) very fine 
to fine-grained well-sorted horizon
tally laminated sandstone. This sand
stone is a lens that extends for about 
500 ft along the exposure. Unit 
contains a few very thin beds of 
light-greenish-gray (5GY 8/.1) lime-

Feet 

51.5 

51.5 

Chinle Formation-Continued 
Salitral Shale Tongue-Continued 

stone-grain sandstone. Unit contains 
abundant limestone nodules in places 

Total of Salitral Shale Tongue ..... . 

Agua Zarca Sandstone Member: 
6. Sandstone, yellowish gray (5Y 8/1) 

and very light gray (N 8), weath
ering light olive gray (5Y 6/1), 
very fine to fine grained, well sorted, 
composed of subrounded clear quartz 
and sparse black accessory mineral, 
abundant coarse grained accessory 
white and dark-green mica; firmly 
to well cemented, calcareous, ripple 
laminated (cuspate type) and sparse 
thin trough and tabular planar sets 
of small-scale cross-laminae; weathers 
to form ledge. Basal foot of unit is 
composed of medium- to coarse
grained sandstone containing a few 
very coarse grains and granules of 
quartz ------------------------------------------------------

5. Silty claystone to clayey siltstone, gray
ish purple (5P 4/2), light greenish 
gray ( 5GY 8/1), and sparse dark yel
lowish orange (lOYR 6/6); colors 
mottled; weathering same colors; 
swelling clays; firmly indurated, non
calcareous; stratification concealed; 
weathers to form vertical cliff ___________ _ 

4. Sandstone, bluish white (5B 9/1), 
weathering same color, medium to 
coarse grained, common interstitial 
white clay, fair sorted; composed of 
subangular clear quartz and sparse 
black and orange accessory minerals; 
poorly to firmly indurated, calcareous 
in part; composed of horizontal lami-

. nae to thin beds, sparse small-scale 
cross-laminae; weathers to form pro
truding ledge. Contains very coarse 
grains and granules of quartz in 

places ------------------------------------------------------
3. Siltstone to silty claystone, grayish 

purple (5P 4/2), medium gray (N 5), 
light greenish gray (5GY 8/1), gray
ish red (lOR 4/2), and subordinate 
dusky yellow (5Y 6/4), colors mot
tled, weathering same colors; swelling 
clays in parts; firmly to well in
durated, noncalcareous; stratification 
concealed; weathers to form vertical 
cliff __________________ . ______________________________________ _ 

2. Sandstone, pale red purple ( 5RP 6/2) 
and pale purple (5P 6/2), grayish 
red (lOR 4/2), light greenish gray 
(5GY 8/1), and minor pale red 
(5R 6/2) and pale yellowish orange 
(lOYR 8/6), weathering same colors, 
fine to coarse grained, silty and 
clayey in parts, fair sorted; composed 
of subangular clear quartz and sparse 

Feet 

79.0 

79.0 

11.0 

10.3 

5.5 

11.5 
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Chinle Formation-Continued 
Agua Zarca Sandstone Member-Continued 

black and orange accessory minerals; 
poorly cemented, noncalcareous; 
stratification difficult to determine, 
some small- to medium-scale cross
strata. Unit appears to be composed 
dominantly of irregular thin hori
zontal beds or lenses. Unit weathers 
to form vertical cliff. Unit contains 
some very coarse grained parts. Basal 
5 ft contains a few scattered pebbles 
and cobbles as large as about 4 in. in 
maximum diameter; these pebbles 
and cobbles are mostly composed of a 
coarse-grained quartzite. A few con
glomeratic or pebbly lenses are pres
ent higher in unit. The granules and 
pebbles in these lenses are of quartz 
and, to a less extent, of chert, and the 
pebbles are as large as about 1 in. 
in diameter. Base of unit placed at 
color change from dominantly reddish 
rock below to purplish rock above. 
This color change locally marks 
change from siltstone below to sand
stone above. From a distance unit 
appears as a whitish and purplish 
interval ................................................... . 

Total of Agua Zarca Sandstone 
Men1ber ........................................... . 

Total of Chinle Formation ............. . 

Cutler Formation: 
1. Sandstone (70 percent) and siltstone 

(30 percent). Sandstone, grayish red 
(5R 4/2), pale reddish brown (lOR 
5/4), and minor light greenish gray 
(5GY 8/1), weathering same colors, 
medium to coarse grained, silty in 
places; poorly to fair sorted; com
posed of subangular quartz, sub
ordinate pink feldspar in places 
(quartz is reddish stained in reddish 
parts and is clear in greenish parts) ; 
1 to 2 percent dark-green coarse
grained mica; poorly cemented slightly 
calcareous; stratification concealed. 
Siltstone, grayish red (lOR 4/2), 
weathering same color, fine silt, com
mon fine to coarse scattered sand 
grains in places, all gradations from 
siltstone to sandstone; firmly ce
mented, clay binding, noncalcareous, 
structureless; siltstone is present as 
thin to very thick sets interstratified 
with sandstone. Unit weathers to 
form steep slope with ledges developed 
on some of the sandstone beds. About 
200 ft of unit exposed. Only top 
50 ft examined. Top 10 ft of unit 
along line of section is siltstone. 
Top 2 ft of unit is mottled pale red 
purple ( 5RP 6/2) and light greenish 
gray (5GY 8/1). Mottling increases 

Feet 

29.0 

67.3 

908.3 

Cutler Formation-Continued Feet 

in amount upward, and top 0.5 ft of 
unit is all purplish and greenish 
colors .................................................. Unmeasured 

Base of section; base of exposure. Base of section 
is N. 62° W. of Cerro Pedernal and about 200 ft 
south of prominent canyon that heads in good 
exposure of the Chinle Formation. 

NM-8. GALLINA 
Measured about 2 miles northeast of town of Gallina, north

eastern pa'rt of sec. 3, T. 23 N., R. 1 E., NMPM, Rio Arriba 
County 

[Measured by J. H. Stewart and R. F. Wilson, July 1956] 

Top of section ; top of exposure. 
Chinle Formation (incomplete) : 

Poleo Sandstone Lentil: 
6. Sandstone (75 percent) and conglom

erate (25 percent). Sandstone, yellow
ish gray (5Y 8/1 and 5Y 7 /2) and 
sparse grayish yellow (5Y 8/4), 
weathering same colors, fine to me
dium grained, sparse coarse grains, 
fair sorted; composed of subround 
to subangular clear quartz and com
mon black accessory mineral; poorly 
to firmly cemented, calcareous; strati
fication difficult to see, and some 
parts of unit appear structureless, 
probably composed dominantly of thin 
to thick trough and tabular planar 
sets of medium-scale low-angle cross
laminae, also contains abundant hori
zontally laminated to thin bedded 
parts. Conglomerate, pale yellowish 
orange (lOYR 8/6) to dark yellowish 
orange (lOYR 6/6), weathering same 
colors, consists of granules and peb
bles in a matrix of sand similar to 
that in the sandstone part of unit; 
all gradations from sandstone to 
conglomerate. Granules and pebbles 
are of chert and subordinate quartz 
and quartzite. Chert pebbles are 
dominantly reddish and yellowish, 
and quartz is dominantly white or 
smoky. Conglomerate is firmly to well 
cemented, calcareous. Conglomerate 
appears to be structureless and is pres
ent as a 10-ft-thick bed at the base 
of unit and as thin to very thick lenses 
from 10 to 40 ft. A few thin con
glomerate lenses occur higher in unit. 
Basal 5 ft of unit contains pebbles, 
cobbles, and boulders of siltstone as 
large as 9 in. in maximum diameter. 
Locally siltstone pellets occur in the 
conglomerate and sandstone. Basal 
contact of unit is sharp and is a sur
face of erosion. Unit contains a few 
casts of plant material. Unit weath
ers to form vertical cliff and under-
lies bench ............................................... . 

Total of Poleo Sandstone Lentil.. ... . 

Feet 

125.2 

125.2 
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Chinle Formation (incomplete) -Continued 
Salitral Shale Tongue: 

5. Same as unit 3; top 4 ft of unit is 
medium gray (N 5), grayish red 
(lOR 4/2), subordinate light greenish 

·gray ( 5G Y 8/1) . The colors are 
mottled, and coloration is similar to 
that in unit 2------------------------------------------

4. Sandstone, grayish blue (5PB 5/2) in 
basal 6 in. and yellowish gray (5Y 
7 /2) in rest of unit, weathering same 
colors; medium to coarse grained; 
composed of subangular clear quartz 
and sparse black accessory mineral ; 
firmly cemented, slightly calcareous; 
stratification poorly developed but 
appears to be composed mostly of 
small-scale cross-strata; weathers to 
form small ledge ------------------------------------

3. Siltstone to sandy siltstone, greenish 
gray (5GY 6/1), grayish red (lOR 
4/2), and subordinate dusky red 
(5R 3/4), weathering light gray 
(N 7), grades from fine siltstone 
to siltstone containing very fine 
grains to granules of subangular to 
subrounded clear, reddish-stained, and 
gray quartz; poorly to firmly ce
mented, clay binding, noncalcareous; 
stratification concealed; weathers to 
form steep slope. Siltstone in places 
contains swelling clays ------------------------

Total of Salitral Shale Tongue _______ _ 

Agua Zarca (?) S~~dstone Member: 
2. Silty sandstone (80 percent), to sandy 

siltstone (20 percent), grayish red 
(5R 4/2 and lOR 4/2), very light 
gray (N 8), light greenish gray 
(5GY 8/1), and minor pale yellow
ish orange (lOYR 8/6) and pale red 
purple ( 5RP 6/2), colors mottled, 
weathering same colors, grades from 
silty very fine to fine-grained sand
stone to siltstone containing minor 
amounts of very fine to coarse sand; 
fair sorted; composed of subangular 
clear and reddish-stained quartz and 
minor reddish chert (?) ; firmly to 
well cemented, possibly siliceous, non
calcareous; stratification concealed 
by mottled coloration, possibly hori
zontally stratified, contains some low
angle cross-strata; weathers to form 
vertical cliff. Base of unit placed at 
change from dominantly reddish rocks 
below to lighter colored mottled rocks 
above. Rocks above contact appear to 
be slightly coarser than those below. 
A small lens of sandstone containing 
abundant orange and reddish chert 
is present near top of unit ----------------

Total of Agua Zarca (?) Sand
stone Member ----------------------------···· 

Feet 

8.1 

3.5 

25.0 

36.6 

15.0 

15.0 

Chinle Formation (incomplete) -Continued 
Total of incomplete Chinle Forma-

tion --------------------------------------------------

Cutler Formation: 
1. Silty sandstone, pale red (lOR 6/1), 

weathering light brown (5YR 6/4), 
silty, very fine grained, in places· 
contains some disseminated fine 
grains, fair sorted; composition 
masked; firmly cemented, silt and 
clay binding, noncalcareous; mostly 
horizontally stratified, sparse poorly 
distinguishable medium-scale cross
strata; weathers to form vertical 
cliff. Top 10 ft of unit contains some 
grayish-red-purple (5RP 4/2) and 
light-greenish-gray (5GY 8/1) mot
tling. Amount of mottling increases 
upward, and about 50 percent of the 
unit near the top is purplish and 

Feet 

176.8 

greenish ............................................ Unmeasured 
Base of section; not base of exposure. Base of sec

tion is S. 38° E. of ranch house and N. 67° E. 
of prominent point developed on gypsum in To
dilto Limestone. 

NM-9. GHOST RANCH 
Measured about 1 mile west and southwest of Ghost Ranch, 

northern part of sec. 11 and eastern part of section 2, T. 
24 N., R. 4 E., NMPM, Rio Arriba County 

[Measured by J. H. Stewart and R. F. Wilson, July 1956] 

Top of section; top of accessible exposures. Top of Feet 

section N. 5o E. of Cerro Pedernal. 
Entrada Sandstone: 

Upper sandy member: 
7. Sandstone, pinkish gray (5YR 8/1), 

yellowish gray (5Y 8/1), and light 
brown (5YR 6/4), white (N 9) in ba
sal foot, weathering same colors; fine 
grained with common scattered me
dium grains; well sorted; composed of 
subrounded to rounded frosted and 
reddish-stained quartz and common 
dark accessory minerals; firmly ce
mented; composed of wedge planar 
sets of medium- to large-scale low
and high-angle cross-laminae; weath
ers to form vertical cliff. Only basal 
20ft of unit examined. Unit probably 
about 250 ft thick. Base of unit sharp 
and flat .............................................. Unmeasured 

Chinle Formation (incomplete) : 
Siltstone member: 

6. Siltstone, pale reddish brown (lOR 
5/4), light brown (5YR 6/4 and 
5YR 5/6), and sparse pale red (lOR 
6/2) and grayish red (5R 4/2), com
mon light-greenish-gray (5GY 8/1) 
mottling; weathering same colors; 
fine to coarse silt; firmly cemented, 
calcareous; structureless, a few hori
zontal stratification planes; weathers 
to form steep loose slope. Unit simi
lar to underlying unit except contains 
more pale-reddish-brown rocks and 
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Chinle Formation (incomplete)-Continued 
Siltstone member-Continued 

contains thin layers of siltstone con
taining either limestone nodules or 
coarse grains of limestone. Basal 10 
ft of unit contains several thin beds 
of siltstone containing some limestone 
grains. Some of these thin beds in 
basal 10 ft are cross-stratified at a 
low angle and on a medium scale ....... . 

5. Siltstone to clayey siltstone, light brown 
(5YR 6/4 and 5YR 5/6) and uncom
mon grayish red (lOR 4/2), mostly 
fine to medium silt; firmly cemented, 
calcareous, structureless, some hori
zontal stratification planes; weathers 
to form steep loose slope. Basal 35 ft 
of unit is silty claystone. This silty 
claystone has the same colors as the 
I'est of the unit but contains swelling 
clays whereas rest of unit does not. 
This basal 35 ft probably is a transi
tion interval between the rocks con
taining swelling clay below and those 
above that do not. The base of the 
unit is placed at the color change 
from dominantly 1·eddish rocks below 
to brownish rocks above. Base of unit 
approximately at base of steep slopes 
developed on Chinle Formation ........... . 

Total of siltstone member ............... . 

Petrified Forest Member: 
4. Clayey siltstone to silty claystone, pale 

reddish brown (lOR 5/4) to dark 
reddish brown (lOR 3/4), moderate 
red ( 5R 5/4), grayish red ( 5R 4/2 
and lOR 4/2), and sparse greenish 
gray (5GY 6/1), weathering same 
colors, contains swelling clays; firmly 
cemented, calcareous in parts, mostly 
structureless, some horizontally lami
nated and ripple-laminated parts. One 
10-ft-thick layer about 20 ft above 
base of unit is siltstone and is com
posed of large-scale low-angle cross
laminae. Unit weathers to form 
frothy-surfaced badlands. Unit mea
sured along a %-mile traverse. Green
ish-gray parts of unit occur in lenses 
about 10 ft thick and possibly 1,000 
ft wide. The greenish-gray parts are 
siltstone, contain abundant carbonized 
wood, and are mostly horizontally 
laminated. Unit contains several very 
thin to thick beds of greenish gray 
(5GY 6/1) limestone-grain sandstone 
composed of fine grains to granules 
of limestone in a limy silt matrix. 
Locally limestone pebbles are present 
in these sandstone beds. Several thin 
layers in unit contain limestone nod-
ules ......................................................... . 

3. Covered; forms 1,000-ft-wide flat ......... . 
2. Sandstone to siltstone, yellowish gray 

Feet 

114.5 

115.6 

230.1 

176.8 
10.0 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member-Continued 

(5Y 7 /2), grayish red (lOR 4/2) in 
top 3 ft, weathering same colors, 
composed of particles ranging in size 
from coarse silt to very fine grained 
sand; abundant white and dark-green 
accessory mica; firmly cemented, cal
careous; ripple laminated, cuspate
type ripples·; weathers to form steep 
slope containing small ledges. Unit 
poorly exposed in part. Unit is prob
ably a transition sequence from Poleo 
Sandstone Lentil to the Petrified For-
est Member ........................................... . 

Total of Petrified Forest Member .. 

Poleo Sandstone Lentil: 
1. Sandstone, pale yellowish brown (lOYR 

6/2) and yellowish gray (5Y 7/2), 
weathering same colors, fine grained, 
well sorted; composed of subangular 
clear quartz and 2 percent dark
green mica; firmly cemented, calcare
ous; horizontally laminated to very 
thin bedded, and thin trough sets of 
medium-scale low-angle cross-lami
nae; exposed along creek bottom. 

Feet 

11.2 

198.0 

About 10 ft of unit exposed .......... Unmeasured 

Total of incomplete Chinle Forma-
tion ................................................. . 

Base of section; base of exposure. Base of section 
about 1 mile west of Ghost Ranch. 

NM-11. TOADLENA 

428.1 

Measu'ted 4.2 rniles northwest of Toadlena at northernmost 
outcrops of Owl Rock and Rock Point Mernbers in the 
Toadlena area, long 108°56' W., lat 36°17' N., San Juan 
County 

[Measured by J. H. Stewart and R. F. Wilson, May 1956] 

Top of section; not top of exposure. Feet 

Todilto Limestone: 
15. Limestone, medium light gray (N 6), 

weathering light gray (N 7), dense 
or possibly very finely crystalline in 
places; well cemented; horizontally 
thinly laminated to very thin bedded, 
abundant ripple laminae; flaggy to 
slabby splitting; weathers to form 
ledge. Unit is conspicuous light-col
ored ledge. Todilto Limestone is about 
10 ft thick. ......................................... Unmeasured 

Entrada Sandstone: 
Upper sandy member: 

14. Sandstone to sandy siltstone, same a~ 
unit 12. Top 2 ft is light greenish 
gray (5GY 8/1) and light brownish 
gray (5YR 6/1) and contains a few 
discontinuous %-in.-wide greenish
stained bands. In places, stratification 
is well exposed and is composed of 
discontinuous wavy laminae that may 
be ripple laminae. Unit weathers to 
form reentrant under Todilto Lime-
stone ........................................................ 11.0 
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Entrada Sandstone-Continued 
Upper sandy member-Continued 

13. Sandstone, light brown (5YR 6/4). and 
sparse very pale orange (lOYR 8/2), 
weathering same colors, very fine to 
fine grained, sparse scattered medium 
to coarse grains, fair to well sorted ; 
composed of subrounded reddish
stained quartz and abundant black 
accessory mineral; poorly cemented, 
calcareous; horizontally. laminated 
(laminae commonly are discontinuous 
and wavy) and thin to thick wedge
planar (?) sets of low- and high-angle 
medium- to small-scale cross-laminae; 
weathers to form vertical cliff ........... . 

Total of upper sandy member ......... . 

Medial silty member: . 
12. Sandstone (80 percent) and sandy silt

stone (10 percent), light brown (lOR 
6/4) and minor pale reddish brown 
(lOR 5/4), weathering sam:e colors, 
very fine grained sandstone to very 
fine grained sandy siltstone, fair 
sorted; composed of subrounded red
dish-stained quartz and abundant 
black accessory mineral ; firmly to 
poorly cemented, calcareous; stratifi
cation poorly exposed, horizontally 
laminated in parts, laminae may be 
slightly wavy; weathers to form steep 
slope ....................................................... . 

Total of medial silty member ........... . 

Total of Entrada Sandstone ........... . 

Wingate Sandstone: 
Rock Point Member: 

11. Sandy siltstone and sandstone. Sandy 
siltstone, light brown (5YR 6/ 4) and 
pale reddish brown (lOR 5/4), sparse 
light-greenish-gray (5GY 8/1) thin 
bands and mottling, weathering pale 
reddish brown (lOR 5/4), sandy 
(very fine grained); firmly to well ce
mented, calcareous; horizontally lam
inated to thin bedded, possibly some 
ripple laminae. Sandstone, light brown 
(5YR 6/4), sparse thin bands of light 
greenish gray (5GY 8/1), weathering 
same colors, very fine grained, well 
sorted; composed of subrounded red
dish-stained quartz and 1 percent 
black mineral; poorly cemented, cal
careous. Sandstone forms basal 13 ft 
and top 6 ft of unit. Basal 13 ft is 
composed of thin tabular-planar sets 
of medium-scale low-angle cross-lam
inae and of horizontal laminae (pos
sibly some ripple laminae). Top 6 
ft is composed of horizontal laminae 
and thin beds. Stratification difficult 
to determine in much of unit. Unit as 
whole weathers to form vertical cliff 

Feet 

85.3 

96.3 

44.2 

44.2 

140.5 

Wingate Sandstone-Continued 
Rock Point Member-Continued 

with lighter colored layers in the 
sandstone at top and bottom of the 
unit ......................................................... . 

10. Siltstone to sandy siltstone, sand frac
tion is very fine grained, horizontally 
thin to very thick bedded, subordinate 
horizontal laminae; otherwise same 
as unit 8, weathers to form steep 
ledgy slope. Contains several thin 
light-colored bands ............................... . 

9. Sandy siltstone, light brown (5YR 6/4) 
and minor pale reddish brown (lOR 
5/4), weathering same colors, sandy 
(very fine grained) ; firmly to well 
cemented, calcareous; horizontally 
laminated in part, structureless in 
part; weathers to form most promi
nent vertical cliff in Rock Point Mem
ber. Top 12 ft of unit contains about 
80 percent light-brown (5YR 6/4) 
very fine grained sandstone composed 
of subrounded reddish-stained quartz 
and about 2 percent black mineral. 
This sandstone appears structureless 
but is similar to cross-stratified sand
stone in other sections of the Rock 
Point Member ....................................... . 

8. Siltstone, light brown (5YR 6/4), pale 
reddish brown (lOR 5/4), and sparse 
grayish red (lOR 4/2), weathering 
same colors, thin to very thick beds 
or sets of fine to medium siltstone 
alternating with thin to thick beds 
or sets of coarse siltstone; firmly to 
well cemented, calcareous; thin to 
very thick horizontal beds (totally 
about 35 ft of unit is horizontally 
laminated) ; weathers to form steep 
slope containing many small ledges. 
Unit contains silty very fine grained 
sandstone to sandy siltstone from 
173.4 to 183.6 ft and 204.0 to 224.4 ft 
above base. These two layers weather 
to form most prominent ledges in 
unit ......................................................... . 

Total of Rock Point Member ....... . 

Total of Wingate Sandstone ........... . 

Chinle Formation (incomplete) : 
Owl Rock Member: 

7. Siltstone and limestone. Siltstone, pale 
reddish brown (lOR 5/4), pale red 
(lOR 6/2 and 5R 6/2), light brown 
(5YR 6/4), common light-greenish
gray (5GY 8/1) mottling, weathering 
same colors, otherwise same as unit 3. 
Siltstone in places contains abundant 
limestone nodules. Limestone, pale red 
(lOR 6/2 and 5R 6/2), light greenish 
gray (5GY 8/1), subordinate pale 
reddish brown (lOR 5/4), colors 
mostly mottled, weathering same 

Feet 

52.5 

60.0 

51.0 

322.2 

485.7 

485.7 
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Chinle Formation (incomplete)-Continued 
Owl Rock Member-Continued 

Feet Chinle Formation (incomplete) -Continued 
Petrified Forest Member (incomplete) : 

Feet 

colors; dense; well cemented; horizon
tally· very thin to thick bedded; pres
ent as thin to thick sets or beds 
interstratified with siltstone. Basal 
0.8 ft of unit is a limestone which 
contains abundant fish scales. Unit 
as whole weathers to form steep 
slope with ledges on the limestone 
beds. Some of the limestone beds 
contain a few small gray chert 
nodules. Unit composed of limestone 
from 0.0 to 0.8 ft, 23.2 to 24.2 ft, 
28.2 to 29.2 ft, contains several thin 
limestQtte beds from 71.0 to 79.4 ft, 
composed of limestone from l04.9 to 
106.9 ft, 108.9 to 113.9 ft, 127.1 to 
130.8 ft, contains several thin lime
stone beds from 132.8 to 146.7 ft, and 
composed of limestone from 155.0 to 
157.7 ft ----------------------------------------------------------157.7 

6. Siltstone, same as unit 3, weathers to 
form steep slope ------------------------------------

5. Conglomerate (80 percent) and silty 
sandstone (20 percent). Conglom-
erate, pale red (lOR 6/2) and light 
greenish gray (5GY 8/1), weathering 
same colors, composed of coarse 
grains to cobbles as large as 3 in. in 
maximum diameter of limestone and 
siltstone in a limy silt matrix; firmly 
to well cemented, calcareous; composed 
of thin to thick shallow trough sets of 
medium-scale cross-laminae, subordi-
nate horizontal laminae. Silty sand-
stone, pale red (lOR 6/2) , weathering 
same color, silty very fine grained 
sandstone, well sorted; composed of 
subangular clear quartz and abundant 
black accessory minerals; same strati-
fication as conglomerate. Sandstone 
interfingers irregularly with con
glomerate. Unit as whole weathers to 
form a ledge ------------------------------------------

4. Siltstone .and limestone. Siltstone, same 
as unit 3 except is partly pale red 
(5R 6/2). Limestone, pale red (lOR 
6/2) and light greenish gray (5GY 
8/1), weathering same colors, dense; 
well cemented; horizontal thick beds. 
Limestone is present from 17.5 to 
20.5 ft. Unit contains two thin to 
thick beds of yellowish-gray (5Y 8/1) 
limy siltstone to siltstone in basal 

33.6 

8.5 

10 ft ------------------------·-----------------------------------------43.9 
3. Siltstone, pale reddish brown (lOR 5/4) 

and light brown (5YR 6/4), weather
ing same colors, fine to medium silt; 
firmly cemented, calcareous; struc
tureless; fractures into angular frag-
ments; weathers to form small hills 
and knolls at base of exposure ........... . 

Total of Owl Rock Member ........... . 

472-202 0- 72 - 14 

67.3 

311.0 

2. Siltstone, pale red (5R 6/2), weath
ering same color, fine silt; firmly 
cemented, calcareous; stratification 
concealed; weathers to form loose 
slope. Unit poorly exposed. The silt
stone absorbs water quickly, suggest
ing that it contains swelling clays. 
Top of unit marks change from 
reddish colors below to brownish 
colors above. Unit may belong to 
either the Petrified Forest Member or 
the Owl Rock Member. Unit placed 
in Petrified Forest Member because 
of the possible presence of swelling 
clays -------------------------------------------------------- 28.3 

1. Silty claystone to clayey siltstone, pale 
reddish brown (lOR 5/4) and mod
erate red (5R 4/6), weathering same 
colors, swelling clays; firmly ce
mented, slightly calcareous; strati
fication concealed; exposed along 
creek. Surface is slightly frothy. 
Contains disseminated limestone 
pellets the size of coarse and very 
coarse grains. About 20 ft ex-
posed --------------------------------------------------Unmeasured 

Total of incomplete Petrified Forest 
Member -------------------------------------------- 28.3 

Total of incomplete Chinle Forma-
tion -------------------------------------------------- 339.3 

Base of section; base of exposure. 

NM-12. ARROYO DE LOS PINOS 
Measured on the main Arroyo de los Pinos or on a major 

tributary of this an·oyo, measured parallel to arroyo and 
from 200 to 1,000 ft north of arroyo, 1 V3 miles south of 
San Miguel Canyon and 10¥2 miles south-southeast of 
Cuba, northern part of sec. 13 and northeastern corner of 
sec. 14, T. 19 N., R. 1 W., NMPM, Sandoval County 

[Measured by J. H. Stewart and R. F. Wilson, June 1956] 

Top of section; not top of exposure. Feet 

Todilto Limestone: 
19. Limestone, dusky yellow (5Y 6/4) 

weathering same color, dense; well 
cemented; thin horizontally lami
nated; weathers to form small ledge; 
gives fetid odor. Limestone is about 
5 ft thick. Overlying the limestone is 
transitional interval of limestone and 
gypsum, and this in turn is overlain 
by a gypsum unit at least 100 ft 
thick --------------------------------------------------Unmeasured 

Entrada Sandstone: 
Upper sandy member: 

18. Sandstone, light brown (5YR 6/4), 
thin band of yellowish gray (5Y 8/1) 
at base of unit, yellowish gray (5Y 
8/1) and light greenish gray (5GY 
8/1) from 81.7 to 103.2 ft above base 
of unit and dusky yellow (5Y 6/4) 
from 103.2 ft to top of unit, weath
ering same colors, very fine to fine 
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Entrada Sandstone-Continued 
Upper sandy member-Continued 

grained, from 1 to 10 percent medium 
to coarse grains, fair to well sorted, 
composed of rounded to subrounded 
frosted and reddish-stained quartz 
and sparse black and orange acces
sory minerals; poorly cemented, cal
careous in part; composed of thin to 
thick wedge-planar sets of medium
scale low-angle (?) cross-laminae, and 
horizontal laminae and thin beds; 
weathers to form vertical cliff of 
"slick rim" type ..................................... . 

Total of upper sandy member ....... . 

Medial silty member ( ?) : 
17. Siltstone (70 percent) to sandstone 

(30 percent), pale reddish brown 
(lOR 5/4), grayish red (lOR 4/2), 
and minor grayish red (5R 4/2) and 
light brown (5YR 6/4) and light 
greenish gray (5GY 8/1), weathering 
same colors. All lithologic types from 
fine siltstone to very fine grained 
sandstone. Sandstone is well sorted and 
composed of subangular clear quartz 
and abundant black, orange, and 
green accessory minerals. Siltstone to 
sandstone is firmly cemented with a 
calcareous cement, is structureless 
or, in places, composed of very thick 
sets of horizontal laminae. Unit 
weathers to form a slope. A thin set 
of siltstone about 10 ft above base of 
unit contains medium to very coarse 
grains of limestone. Unit contains hor
izontally laminated siltstone typical of 
the medial silty member of the En
trada Sandstone. The contact of this 
unit with the underlying Chinle For
mation, however, is difficult to locate 
and marks the change from rocks con
taining swelling clays below to rocks 
containing nonswelling clays above. 
The basal 40 ft of unit is not conspicu
ously horizontally laminated and may 
belong in the Chinle Formation. The 
siltstone, 10 ft above base of unit, 
containing limestone grains is also 
suggestive· of Chinle lithology. The 
light-greenish-gray rocks form thin 
color bands along exposure. Thin bed 
about 15 ft below top of unit con
tains about 50 percent fine to coarse 
grains of frosted quartz and subordi-
nate gray and orange quartz ( ?) ....... . 

Total of medial silty member ( ?) ... . 

Total Entrada Sandstone ................. . 

Chinle Formation: 
Petrified Forest Member: 

16. Siltstone to silty sandstone, grayish red 
(5R 4/2) and light greenish gray 

Feet Chinle Formation-Continued 

150.5 

150.5 

138.0 

138.0 

288.5 

Petrified Forest Member-Continued 
(5GY 8/1), weathering same colors, 
grades from siltstone to fine-grained 
silty sandstone, composition masked, 
swelling clays, common very fine 
grained accessory dark-green and 
white mica; horizontally laminated; 
weathers to form slope ......................... . 

15. Sandstone (60 percent) and sandstone 
to conglomeratic sandstone ( 40 per
cent). Sandstone, light greenish gray 
(5GY 8/1), weathering same colors, 
very fine grained, well sorted, com
posed of subangular milky quartz 
and 10 percent greenish-stained 
quartz ( ?) ; poorly cemented, cal
careous; stratification concealed. 
Sandstone to conglomeratic sandstone, 
light greenish gray (5GY 8/1), weath
ering same color, composed of me
dium grains to granules of tan and 
grayish siltstone and limestone in a 
very fine grained limy matrix; well 
cemented, calcareous; composed of 
thin tabular planar (?) sets of small
scale low-angle cross-laminae; pres
ent as thin to thick sets or cosets 
interstratified with the rest of the 
unit. Unit as whole weathers to form 
ledge ....................................................... . 

14. Silty claystone to clayey siltstone 
(sparse siltstone), grayish red (lOR 
4/2) to pale reddish brown (lOR 
5/4), abundant light-greenish-gray 
(5GY 8/1) mottling, weathering 
same colors, swelling clays; firmly 
cemented, calcareous; structureless; 
weathers to form frothy-surfaced 
badlands ................................................. . 

13. Conglomerate to conglomeratic sand
stone, light gray (N 7), weathering 
same color, composed of granules and 
pebbles of reddish- and yellowish
gray siltstone in a very fine to me
dium-grained matrix. Matrix is com
posed of subangular clear and milky 
quartz and about 3 percent orange 
and black minerals. Conglomerate to 
conglomeratic sandstone is firmly ce
mented, calca:r;eous; horizontally lam
inated to thin bedded; weathers with 
unit 12 to form ledge ............................. . 

12. Sandstone, pale red (5R 6/2) and sparse 
light greenish gray (5GY 8/1), weath
ering same colors, very fine to fine 
grained, well sorted, composed of sub-
angular clear and reddish-stained 
quartz and abundant black, orange, 
and green accessory minerals; firmly 
cemented, calcareous; horizontally 
laminated, some thin tabular-planar 
sets of small-scale low-angle cross
laminae; weathers with unit 13 to 
form a ledge ........................................... . 

Feet 

4.0 

9.0 

244.8 

, 

3.0 

7.1 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

11. Clayey siltstone, grayish red (5R 4/2 
and lOR 4/2), and common light
greenish-gray (5GY 8/1) mottling, 
swelling clays; firmly cemented, cal
careous; structureless; weathers to 
form frothy-surfaced badlands ........... . 

10. Siltstone to silty claystone, greenish 
gray (5GY 6/1) and medium light 
gray (N 6), weathering light green
ish gray (5Gf 8/1), swelling clays in 
part of unit, common very fine grained 
accessory white mica; firmly ce
mented, calcareous; stratification con
cealed, weathers to form slope. Unit 
forms greenish band on exposure. Lo
cally basal 1 or 2 ft of unit is com
posed of light-greenish-gray (5GY 
8/1) very fine grained ripple-lami
nated silty sandstone. In addition, 
basal few inches of unit in places is 
composed of sandstone. Sandstone is 
composed of medium grains to gran
ules of gray and yellowish-gray silt
stone and (or) limestone. Some 
carbonaceous material is present in 
basal 3 ft of unit ................................... . 

9. Silty claystone to siltstone, grayish red 
(5R 4/2), pale reddish brown (lOR 
5/4), and grayish red purple ( 5RP 
4/2), common light-greenish-gray mot
tling, weathering same colors, con
tains swelling clays; firmly cemented, 
calcareous; structureless; weathers to 
form frothy-surfaced slope ................... . 

8. Sandy siltstone to silty sandstone, pale 
red (lOR 6/2) and subordinate light 
gray (N 7), weathering brownish 
gTay (5YR 4/1), all intermixtures of 
coarse silt and very fine grained 
sand; abundant very fine grained ac
cessory white mica; well cemented, 
calcareous; ripple laminated; weath
ers to form ledge. Unit contains. a 
thin set of grayish-red (lOR 4/2) 
coarse siltstone about 1 ft above base 
of unit. Siltstone contains abundant 
very fine grained accessory white mica. 
The stratification of the siltstone is 
concealed ............................................... . 

7. Siltstone to clayey siltstone, greenish 
gray (5GY 6/1) to light greenish 
gray ( 5G Y 8/1), abundant grayish red 
(5R 4/2) in basal 6 ft, weathering 
same colors, coarse siltstone, clayey 
and sandy (very fine grained), abun
dant fine-grained accessory white 
mica; firmly cemented, calcareous; 
stratification concealed; weathers to 
form slope. Basal 4 ft of unit con
tains several thin sets of sandstone. 
Sandstone, yP.llowish gray (5Y 7/2) 
and minor grayish red (5R 4/2), very 

Feet 

85.6 

15.0 

103.2 

10.6 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

fine grained, composed of clear quartz; 
horizontally laminated, some ripple 
marks. These sandstone sets prob
ably mark a transition from the sand
stone member to the overlying part of 
the Chinle ........................... ~ ................... . 

Total of Petrified Forest Member ... . 

Sandstone member: 
6. Sandstone and conglomeratic sandstone, 

yellowish gray ( 5Y 8/1), pinkish gray 
(5YR 8/1), and very pale orange 
(lOYR 8/2), weathering very pale 
orange (lOYR 8/2) and medium gray 
(N 5), very fine to fine grained, fair 
to well sorted, composed of subangu
lar clear quartz and sparse black 
accessory minerals; firmly cemented, 
calcareous; composed of thin to thick 
tabular-planar sets of small- to me
dium-scale low-angle cross-laminae 
and of thin to very thick sets of hori
zontal laminae (some sets may be 
composed of very low angle cross
laminae instead of horizontal lami
nae) ; weathers to form hogback. 
Fifty percent of basal 20 ft of unit 
is composed of conglomeratic sand
stone which is present in thin to very 
thick lenses. Conglomeratic sandstone 
contains pebbles and granules. of 
greenish-gray and gray limestone and 
siltstone pebbles as large as 2% in. 
in maximum diameter. Pebbles and 
granules are in a very fine to me
dium-grained matrix similar to the 
rest of the unit. No quartz, quartzite, 
or chert granules or pebbles were 
noted ....................................................... . 

Total of sandstone member ............. . 

Mottled strata (possibly equivalent to Agua 
Zarca Sandstone Member) : 

5. Sandstone, very light gray (N 8), dark 
yellowish orange (lOYR 6/6), gray
ish purple (5P 4/2), and grayish red 
(5R 4/2), colors mottled (grayish red 
is absent in top half of unit, increases 
in amount downward and is dominant 
color in basal third of unit), weath
ering same colors, very fine grained, 
well sorted; composed <:>f subangular 
to subround clear quartz and sparse 
black accessory mineral; well ce
mented, noncalcareous, structureless; 
weathers to form slope ......................... . 

4. Covered. About 500 ft away from line 
of section, unit is exposed and is 
composed of silty sandstone. Silty 
sandstone, grayish red (5R 4/2), 
weathering same color, very fine 
grained, silty, fair sorted; composi-

205 

Feet 

58.8 

541.1 

58.9 

58.9 

12.0 
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Chinle Formation-Continued 
Mottled strata (possibly equivalent to Agua 

Zarca Sandstone Member) -Continued 
tion masked; firmly indurated, non
calcareous; horizontally laminated. 
Units J and 5 weather to form slope 
separating cliff-forming sandstones 
of units 3 and 6--------····--····-·-·····--·-·----·--

Total of mottled strata (possibly 
equivalent to Agua Zarca Sand
stone Member) -----------------------------· 

Total of Chinle Formation ............... . 

NoTE.- Nearby drill holes in the San Juan 
basin contain about 1,200 ft of Chinle. 
The surface section described here is along 
the west flank of the Nacimiento Moun
tains in an area of steeply dipping and 
faulted strata, and the thickness (624 ft) 
of the Chinle here is probably related to 
structural complications rather than to an 
original thinness of the strata. 

Glorieta Sandstone: 
3. Sandstone, pale reddish brown (lOR 

5/4), moderate reddish orange (lOR 
6/6), pale red (lOR 6/2), and light 
brown (lOYR 6/4), weathering same 
colors, very fine to fine grained, well 
sorted; composed of subround red
dish-stained quartz and sparse black 
accessory mineral; firmly cemented, 
calcareous in part; composed of thick 
to very thick horizontal beds; weath
ers to form vertical cliff. Unit is frac
tured, possibly concealing detailed 
stratification ------------------------------------------

Total of Glorieta Sandstone ___________ _ 

Yeso Formation (incomplete): 
San Ysidro Member: 

2. Sandstone (70 percent) to siltstone (30 
percent), pale reddish brown (lOR 
5/4) to grayish red (lOR 4/2), weath
ering same colors, grades from coarse 
siltstone to very fine to fine-grained 
sandstone, in places sandstone con
tains common medium to coarse grains 
(sandstone is commonly silty). Sand
stone is composed of subangular to 
subround reddish-stained quartz and 
common black accessory mineral ; me
dium to coarse grains are rounded, 
frosted quartz. Sandstone to siltstone 
is firmly cemented with a calcareous 
cement and is indistinctly horizon
tally laminated to thin bedded. Unit 
weathers to form steep slope. Unit 
contains a thick bed of limestone 
about 5 ft below top. Limestone is 
yellowish gray (5Y 8/1) and pinkish 
gray (5YR 8/1), finely crystalline, 
and poorly exposed ..... -------------······-······· 

Total of San Ysidro Member ......... . 

Feet 

12.0 

24.0 

624.0 

103.1 

103.1 

38.7 

38.7 

Yeso Formation (incomplete)-Continued Feet 

Meseta Blanca Member : 
1. Sandstone, pale reddish brown (lOR 

5/4) to moderate reddish orange (lOR 
6/6), weathering same colors, very fine 
grained, subordinate fine to coarse 
grains, fair to poorly sorted; com
posed of subangular to subround red
dish-stained quartz and common black 
accessory mineral, coarser grains are 
subrounded to rounded; poorly to 
firmly cemented, calcareous; com
posed of thin to thick tabular- and 
wedge (?)-planar sets of low-angle 
medium-scale cross-laminae; weath
ers to form ledge; about 20 ft of 
unit exposed ----------··········-·······---·····Unmeasured 

Total of incomplete Y eso Forma-
tion --------·-············-··························· 38.7 

Base of section; base of exposure. 

NM-13. SAN YSIDRO 

Measured 1.6 miles nortk-1wTthwest of junction of New Mex
ico Highways 44 and 4 at San Ysidro, southern part of 
sec. 36, T. 16 N., R. 1 E., NMPM, and adjoining part of 
San Ysidro grant, Sandoval County 

[Measured by J. H. Stewart and R. F. Wilson, June 1956] 

Top of section; top of exposure. Feet 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

6. Possibly 125 ft of strata is exposed 
above unit 3 about 1 mile south of 
section. This 125 ft appears to be 
similar to unit 4. These exposures 
south of the section contain two dis
continuous sandstone sets from 10 to 
20 ft thick: one about the middle and 
the other at the top of the exposure. 
These sandstone sets are yellowish 
gray (5Y 8/1) and pale red purple 
(5RP 6/2), very fine grained, and com
posed of ripple laminae, horizontal 
laminae, and some low-angle cross
strata. The basal parts of the sand
stone sets contain some conglomerate 
containing granules and pebbles of 
limestone and siltstone .................... Unmeasured 

5. Conglomerate to sandstone, medium 
gray_ (N 5), spots of grayish orange 
(lOYR 7/4), weathering olive gray 
(5Y 4/1), grades from conglomerate 
containing coarse grains to pebbles 
of yellowish and grayish siltstone and 
limestone in a very fine to fine-grained 
limy matrix to a very fine to fine
grained sandstone; very fine to fine 
grains are dominantly clear quartz; 
well cemented, calcareous; horizon
tally very thin bedded, minor thin 
sets of small-scale low-angle cross
beds; weathers to form ledge and 
caps small mesa...................................... 6.5 

4. Silty claystone to clayey siltstone, 
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Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete)-Con. 

grayish red purple (5RP 4/2) and 
grayish red (5R 4/2) in top 10 ft; 
weathering same colors; probably 
swelling clays; firmly cemented, cal
careous in part; structureless; weath
ers to form steep frothy-surfaced 
slope ....................................................... . 

Total of incomplete Petrified For-
est Men1ber ................................... . 

Sandstone member: 
3. Sandstone, conglomerate, and siltstone. 

Sandstone, very pale orange (lOYR 
8/2), grayish orange (lOYR 7 /4), 
grayish yellow (5Y 8/4), yellowish 
gray (5Y 8/1), and sparse medium 
gray (N 5) and pale red (lOR 6/2), 
weathering same colors, fine to me
dium grained, sparse very fine or 
coarse-grained parts, fair sorted; 
composed of subangular to subround 
clear quartz and sparse black acces
sory mineral; poorly to firmly ce
mented, calcareous in parts; composed 
of thin to thick trough and planar 
sets of very low to low-angle small
to medium-scale cross-laminae, some 
horizontal laminae to very thin beds, 
stratification in much of unit is poorly 
developed and difficult to see. Con
glomerate, same colors as sandstone 
except about 50 percent is medium 
gray (N 5), weathering same colors; 
composed of granules to pebbles of 
quart~, quartzite, and chert in a me
dium to very coarse grained matrix; 
firmly to well cemented, calcareous; 
present as thin to very thick lenses 
interstratified with sandstone. Lenses 
are structureless in places and contain 
low-angle cross-strata in other places. 
Along line of section pebbles are gen
erally less than 1 in. in maximum 
diameter, but away from line of sec
tion a cobble with a maximum diam
eter of 5 in. was noted. A few of the 
conglomerate lenses contain moderate
yellowish-brown (lOYR 5/4) siltstone 
granules. Siltstone, light gray (N 7) 
to medium light gray (N 6) and light 
greenish gray (5GY 8/1), weather
ing same colors, grades from fine silt 
to very fine grained sandy siltstone; 
common very fine grained accessory 
white mica in places; firmly indurated, 
non calcareous; stratification con
cealed. In places siltstone contains 
thin ripple-laminated sets of grayish
orange (lOYR 7/4) very fine grained 
sandstone. Unit as whole weathers to 
form vertical cliff in lower part and 
underlies bench in upper part. Thick-

Feet 

25.4 

31.9 

Chinle· Formation (incomplete) -Continued 
Sandstone member-Continued 

ness of unit probably somewhat in 
error because of variable dip and long 
dip slope on top of unit. Conglomer
ate occurs from 0 to 2.5 ft, 23 to 29 
ft, 41 to 43 ft, 46 to 51 ft, 60 to 64 ft, 
and 73 to 75 ft. Siltstone occurs from 
70 to 73 ft, 80 to 86 ft, and 130 to 143 
ft. Rest of unit is sandstone ............... . 

Total of sandstone member ............. . 

Total of incomplete Chinle Forma-
tion ................................................. . 

San Andres Limestone : 
Upper clastic member : 

2. Sandstone (80 percent) to siltstone (20 
percent), pale reddish brown (lOR 
5/4), grayish red (5R 4/2 and lOR 
4/2), and sparse yellowish gray (5Y 
8/1), weathering same colors, all 
gradations in lithologic type from me
dium-grained sandstone to fine silt
stone (sandstone and sandy siltstone 
commonly contain medium to very 
coarse rounded grains in a finer 
matrix), poorly to fair sorted; com
posed of subangular to rounded clear 
and reddish-stained quartz; firmly ce
mented, calcareous; composed of in
distinct horizontal beds (bedding is 
slightly wavy and possibly contorted 
in places) ; weathers to form steep 

Feet 

165.0 

165.0 

196.9 

rubble-covered slope .............................. 21.0 

Total of upper clastic member of 
San Andres Limestone.................. 21.0 

Glorieta Sandstone: 
1. Sandstone, yellowish gray (5Y 8/1) 

and very pale orange (lOYR 8/2), 
and subordinate pale reddish brown 
(lOR 5/4), weathering same colors, 
medium grained, sparse coarse grains, 
fair sorted; composed of subangular 
to subround clear quartz and sparse 
black accessory mineral; poorly to 
firmly cemented, calcareous; horizon
tally thin to thick bedded and minor 
medium-scale low-angle cross-strata; 
weathers to form steep ledgy slope or 
in some places a vertical cliff. Unit is 
over 100 ft thick. ............................. Unmeasured 

Base of section; not base of exposure. Base of section 
isS. 65° W. of Jemez and N. 42° W. of San Ysidro. 

NM-14. SENORITO CANYON 

Meastwed parallel to New Mexico Highway 126 and from 200 
to 500 It no1·th of the highway, 4% miles southeast of Cuba, 
southwestern part of sec 1, T. 20 N., R. 1 W., NMPM, 
Sandoval County 

[Measured by J. H. Stewart and R. F. Wilson, June 1956] 

Top of section; top of good exposure. Probably most 
if not all of the Poleo Sandstone Member is ex
posed. 
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Chinle Formation (incomplete) : 
Poleo Sandstone Lentil (incomplete) : 

10. Sandstone, same as unit 6, contains sev
eral thin lenses of conglomerate. Con
glomerate is light gray (N 7) and 
yellowish gray (5Y 8/1) and is com
posed of medium grains to small 
pebbles of greenish-gray and yellow
ish-gray siltstone and possibly lime
stone in a very fine grained limy 
matrix ..................................................... . 

9. Siltstone to clayey siltstone, pale brown 
(5YR 5/2) to brownish gray (5YR 
4/1), weathering same colors, com
mon very fine grained accessory white 
mica; firmly cemented, calcareous; 
weathers to form slope ......................... . 

8. Sandstone, same as unit 6, weathers to 
form ledge ............................................. . 

7. Silty claystone to clayey siltstone, gray
ish red (lOR 4/2) in lower half and 
greenish gray (5GY 6/1) in upper 
half, weathering same colors; swell
ing clays in part; firmly cemented, 
slightly calcareous; stratification con
cealed; weathers to form slope. Unit 
thins and possibly pinches out to 
south, and thickens to north. Unit 
poorly exposed in places. Unit may be 
transitional into overlying unit ......... . 

6. Sandstone, pale greenish yellow (lOY 
8/2) and minor yellowish gray (5Y 
8/1), weathering same colors, fine 
grained, sparse medium-grained parts, 
well sorted; composed of subround 
clear quartz and sparse black acces
sory minerals; firmly cemented, cal
careous; horizontally laminated, 
minor thin tabular-planar sets of 
small-scale very low angle cross-lami-
nae; weathers to form ledge ............... . 

Total incomplete Poleo Sandstone 
Lentil ............................................. . 

Salitral Shale Tongue: 
5. Silty claystone, grayish red (5R 4/2 

and lOR 4/2), subordinate pale red
dish brown (lOR 5/4), 10 ft layer of 
greenish gray (5GY 6/1) in basal 
third of unit; swelling clays; firmly 
cemented, slightly calcareous in parts; 
structureless; weathers to form val
ley between hogback developed on 
Agua Zarca and Poleo. Unit poorly 
exposed in places. Greenish interval 
contains some flakes of carbonaceous 
material and a black (N 1) coaly 
layer about lf2 in. thick. Unit weath-
ers with a frothy surface ................... . 

Total of Salitral Shale Tongue ....... . 

Agua Zarca Sandstone Member and sandstone 
member: 

NOTE.- Basal 58 ft of unit 2 is probably the 
Agua Zarca Sandstone Member; rest of unit 

Feet 

17.5 

6.3 

15.9 

12.0 

34.8 

86.5 

118.6 

118.6 

Chinle Formation (incomplete) -Continued 
Agua Zarca Sandstone Member and sandstone 

member-Continued 
2 and all of units 3 and 4 may correlate 
with the sandstone member. These correla
tions, however, are tentative. 

4. Sandstone, yellowish gray (5Y 8/1) 
and very pale orange (lOYR 8/2), 
very fine to fine grained, well sorted; 
composed of subround to round clear 
quartz and common black accessory 
mineral; firmly to well cemented, non
calcareous, probably siliceous cement; 
horizontally laminated; weathers to 
form small ledge and underlies dip 
slope on back side of hogback formed 
on the Agua Zarca Sandstone Mem-
ber ........................................................... . 

3. Mostly covered. Locally top 2lh ft of 
unit is exposed and consists of chert. 
Chert, white (N 9) and minor pale 
yellowish orange (lOYR 8/6), weath
ering pale yellowish orange (lOYR 
8/6), consists of chalky-appearing 
chert and irregular lenses of vitre-
ous chert ............................................... . 

2. Sandstone, very pale orange (lOYR 8/2) 
to light brown (5YR 6/4), weath
ering same colors, dominantly coarse 
to very coarse-grained in basal 58 ft, 
and fine to medium grained in rest of 
unit (coarser grained part is fair to 
poorly sorted, finer grained part is 
fair to well sorted) ; composed of sub
angular clear quartz and sparse black 
accessory mineral; poorly cemented, 
possibly slightly calcareous. Coarser 
grained part of unit is indistinctly 
cross-stratified at a low angle and on 
a medium scale; finer grained part is 
composed of thin to thick tabular
planar sets of small- to medium-scale 
cross-laminae. Unit weathers to form 
hogback. Coarser grained part of unit 
in places contains some granules of 
clear quartz. Locally a few pebbles of 
quartz, quartzite, and chert are scat
tered in the sandstone. A few lenses 
of conglomerate are present in the 
basal 20 ft of the unit away from the 
line of section. The conglomerates 
contain granules, pebbles, and cob
bles of quartz, quartzite, and chert, 
and the cobbles are as large as about 
3 in. in maximum diameter ................. . 

Abo Formation: 

Total of Agua Zarca Sandstone 
Member and sandstone member .. 

Total of incomplete Chinle Forma-
tion ................................................. . 

1. Sandy siltstone, light brown (5YR 6/4) 
to moderate brown (5YR 4/4), minor 
yellowish gray (5Y 8/1), weathering 

Feet 

7.0 

19.5 

87.3 

113.8 

318.9 
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Abo Formation-Continued 
same colors, sandy (very fine grained) 
siltstone; firmly cemented, slightly 
calcareous; stratification indistinct, 
probably thin to thick horizontal 
beds; weathers to form ledgy slope. 

Feet 

Only about 15 ft exposed ................ Unmeasured 
Base of s~ction; base of exposure. 

NM-15. WHITE l\-IESA 

Measu?·ecl 4 miles south-southwest of San Ysidro and near 
westent. end of line of cliffs on ?W?·th side of White Mesa, 
middle of sec. 16, T. 15 N., R. 1 E., NMPM, Sandoval 
County 

[Measured by J. H. Stewart and R. F. Wilson, June 1956] 

Top of section; top of exposure. Feet 

Todilto Limestone (incomplete): 
7. Gypsum and limestone. Gypsum, white 

(N 9), weathering same color and 
light olive gray (5Y 6/1), medium 
crystalline; well indurated, structure
less. Limestone, same as underlying 
unit; present as thin laminae sepa
rating laminae to very thin beds of 
gypsum. Limestone forms about half 
of basal few feet of unit, decreases 
in amount upward, and is absent 
higher than 20 ft above base of unit. 
In places, gypsum forms nodular 
masses disrupting stratification of 
limestone. About 50 ft of unit ex
posed along line of section, but locally 
unit appears to be 100 ft thick. ... Unmeasured 

6. Limestone, light oliv~ gray (5Y 6/1), 
weathering same color, dense; well 
indurated, horizontally thin lami
nated; paper splitting; weathers to 
form ledge. Limestone has fetid odor.. 6.0 

Total of incomplete Todilto Lime-
stone ............................................... . 

Entrada Sandstone: 
Upper sandy member: 

5. Sandstone, yellowish gray (5Y 8/1), 
light greenish gray ( 5GY 8/1) and 
subordinate grayish yellow (5Y 8/4), 
light gray (N 7), very pale orange 
(10YR 8/2) and pale yellowish or
ange (10YR 8/6), weathering same 
colors, very fine to fine grained, minor 
medium to coarse grains; fair sorted; 
composed of subround to rounded 
frosted quartz and common black ac
cessory mineral; poorly cemented, cal
careous; composed of thin to thick 
tabular and wedge-planar sets of 
very low and low-angle small- to me
dium-scale cross-laminae and subor
dinate horizontal laminae to thin 
beds. Top 35 ft of unit is entirely 
horizontally laminated to thin bedded. 
Unit weathers to form vertical cliff. 
Unit contains thin bed of light-green
ish-gray (5GY 8/1) sandy (very fine 

6.0 

Entrada Sandstone-Continued 
Upper sandy member-Continued 

grained) coarse siltstone 65 ft above 
base of unit. Unit contains round 
nodules of sandstone from 30 to 35 
ft above base. Nodules contain inter
stitial pyrite and are generally 2 in. 
in diameter ............................................. . 

Feet 

79.4 

Total of upper sandy member.......... 79.4 

Medial silty member: 
4. Sandy siltstone to silty sandstone, light 

brown (5YR 6/4) and minor pale 
reddish brown (lOR 5/4), weathering 
same colors, all intermixings of 
coarse silt and very fine grained 
sand; firmly cemented, calcareous; 
structureless, some suggestions of dis
continuous wavy laminae; weathers 
to form steep slope. Basal 2 ft con
tains common fine to very coarse 
rounded and frosted quartz grains 
and orange, red, and gray grains ....... . 

3. Silty claystone to sandy siltstone, finer 
grained rocks are grayish red (lOR 
4/2) and coarser grained rocks are 
light brown (5YR 6/4) and light 
greenish gray (5GY 8/1), weathering 
pale reddish brown (lOR 5/4) with 
light-greenish-gray (5GY 8/1) color 
bands; all lithologic types from silty 
claystone to sandy (very fine grained) 
coarse siltstone; firmly cemented, cal-
careous; ripple laminated and very 
thin to thin horizontally bedded; 
weathers to form steep slope ............... . 

2. Sandstone and silty claystone. Sand
stone, light greenish gray (5GY 8/1) 
and minor light-brown (5YR 6/4) 
mottling, weathering same colors, very 
fine to fine grained, minor medium-
grained parts, well sorted; composed 
of rounded clear quartz, sparse black 
accessory mineral; poorly cemented, 
calcareous; horizontally thin to thick 
bedded and minor thin sets of low-
angle small-scale cross-laminae. Silty 
claystone, grayish red (lOR 4/2), 
weathering same colors; firmly ce-
mented, noncalcareous; present as 
thin horizontal beds interstratified 
with sandstone; platy splitting. Silty 
claystone beds and possibly some of 
the sandstone beds have a slight wav-
iness. Unit as a whole weathers to 
form conspicuous whitish ledge lying 
between reddish rocks. This unit 
might correlate with the Wingate 
Sandstone, but the authors consider 
that it is best placed in the Entrada 
Sandstone ............................................... . 

Total of medial silty member ........ :. 

Total of Entrada Sandstone ........... . 

52.4 

22.4 

13.7 

88.5 

167.9 
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Chinle Formation (incomplete) : Feet 

Petrified Forest Member (incomplete) : 
1. Clayey siltstone (80 percent) to silt

stone (20 percent), pale reddish 
brown (lOR 5/4) to grayish red (lOR 
4/2), subordinate light brown (5YR 
6/4) and sparse grayish red ( 5R 
4/2), weathering same colors; about 
% of unit contains swelling clays, 
rest of unit probably is too silty to 
detect swelling clays; fine to medium 
silt; firmly cemented, calcareous; 
structureless, unit contains color 
bands suggestive of horizontal strati
fication; weathers to form steep 
frothy-surfaced slope. Unit contains 
two thick beds of light-greenish-gray 
( 5GY 8/1) limestone-grain sandstone. 
One bed of sandstone is 40 ft above 
base, and the other is 5 ft below top 
of unit. This sandstone is composed 
of fine grains to granules of gray 
limestone in a silt and clay matrix____ 225.0 

Total of incomplete Petrified For-
est Member ------------------------------------ 225.0 

Total of incomplete Chinle Forma-
tion ----------------------------------------------------------225.0 

Base of section; base of exposure. 

NM-18. BLUEWATER CREEK 

Measured on point about one-third mile south of Bluewater 
Creek, northeastern part of sec. 36, T. 6 N., R. 7 W., 
NMPM, Valencia County 

[Measured by J. H. Stewart and R. F. Wilson, May 1956] 

Top of section; top of good exposure. Higher exposures 
consist of medium-gray (N 5) siltstone and of a 
few ledge-forming sandstones. About 150 ft of this 
siltstone and sandstone unit exposed below basalt 
which caps mesa. Top of section is S. 70° W. of 
Seis-Wilson Ranch, and one-third mile south of 
Bluewater Creek. 

Dakota Sandstone (incomplete) : 
10. Sandstone, white (N 9), yellowish gray 

(5Y 8/1), and grayish orange (10YR 
7/4), weathering grayish orange 
(lOYR 7/4), fine to medium grained, 
well sorted; composed of subrounded 
to rounded clear and frosted or etched 
quartz, common limonite spots; well 
cemented, calcareous in parts, prob
ably siliceous in parts; composed of 
planar and trough sets of small- to 
medium-scale· high- and low-angle 
cross-laminae; weathers to form ver
tical cliff. A thick conglomerate lens 
is present 2.5 ft above base of unit. 
Conglomerate is composed of granules 
and pebbles of white, gray, and black 
quartz, chert, and minor quartzite 
in a sand matrix which is the same 
as the sand in the rest of the unit. 
Unit also contains several lenticular 
sets of intraformational siltstone pel
let conglomerate. Unit forms top 
darker colored cap ·of vertical cliff 

Dakota Sandstone (incomplete) -Continued 
developed on the Jurassic sandstone 
and the Dakota Sandstone _________________ _ 

9. Sandstone (80 percent), siltstone (10 
percent), and conglomerate (10 per
cent). Sandstone, grayish orange 
(lOYR 7/4), yellowish gray (5Y 
8/1), pinkish gray (5YR 8/1), and 
very light gray (N 8), weathering 
same colors, very fine to fine grained, 
fair to well sorted, composed of sub
round to subangular clear quartz and 
sparse black accessory mineral; 
firmly to well cemented, calcareous 
in parts; horizontally very thin to 
thick bedded, stratification indistinct, 
possibly some very low angle cross
strata. Siltstone, grayish yellow green 
(5GY 7 /2), weathering same color, 

fine silt; firmly cemented, calcareous; 
stratification concealed; present as 
thin sets to thick sets interstratified 
with the rest of unit. Conglomerate 
same as sandstone except contains 
granules to pebbles of reddish and 
grayish quartz, quartzite, and chert. 
Conglomerate and conglomeratic sand
stone confined to basal 8 ft. Amount 
of granules and pebbles in conglom
erate decreases upward in section. 
Unit as whole weathers to form ver
tical cliff. Basal contact of unit is 
surface of erosion with scours as 
deep as 2 ft ...... -----------------------------··---------

Total of incomplete Dakota Sand-
stone --------------------------------·--··--·--------

Unit of Jurassic age (probably equivalent to the 
Summerville Formation): 

8. Siltstone to silty sandstone, yellowish 
gray (5Y 7/2) and grayish yellow 
(5Y 8/4), weathering same color, 
grades from coarse siltstone to silty 
very fine grained sandstone; the sand
stone is composed of subangular milky 
and possibly clear quartz, and com
mon black accessory mineral; firmly 
to well cemented, calcareous; strati
fication indistinct, but appears to be 
dominantly horizontally laminated to 
thick bedded, common low- and high
angle small- to medium-scale cross
laminae; weathers to form vertical 
cliff ------------------. _________________ ----- ____ ..... --- .. ---

Total of unit of Jurassic age ......... . 

Chinle Formation (incomplete) : 
Reddish sandstone member (this name was ap

plied to these strata by Silver, 1948): 
7. Siltstone, pale reddish brown (lOR 

5/4) and light brown (5YR 6/4), 
weathering same color, medium to 
coarse silt; firmly to well cemented, 
calcareous; horizontally lamina ted, 
probably in part structureless; weath-

Feet 

54.4 

61.6 

116.0 

23.0 

23.0 
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Chinle Formation (incomplete)-Continued 
Reddish sandstone member-Continued 

ers to form steep slope. Unit is yel-
lowish gray (5Y 8/1) in top 2ft ....... . 

6. Siltstone, light brown (5YR 6/4), weath
ering same color, coarse silt; well 
cemented, calcareous; horizontally 
laminated, laminae indistinct in 
places; weathers to form prominent 
and persistent ledge. Unit forms most 
prominent ledge in the reddish sand
stone member. Unit contains small in
terference ripples (?) along a few 
stratification planes ............................. . 

5. Siltstone, same as unit 3, contains a 
few thin to thick horizontal beds sim
ilar to those in unit 4. These beds 
weather to form ledges; rest of unit 
forms steep slope ................................... . 

4. Siltstone, light brown (5YR 6/4), weath
ering same color, coarse silt; well ce
mented, calcareous; horizontally thin 
to thick bedded; weathers to form 
persistent ledge ..................................... . 

3. Siltstone, light brown (5YR 6/4) and 
minor grayish red (lOR 4/2), weath
ering light brown (5YR 6/4), me
dium to coarse silt; firmly to well 
cemented, calcareous; a few horizontal 
stratification planes, mostly struc
tureless; fractures into angular frag
ments; weathers to form steep loose 
slope ....................................................... . 

Total of reddish sandstone member 

Petrified Forest Member (incomplete) : 
2. Siltstone, pale red (5R 6/2), minor 

grayish red (5R 4/2), pale reddish 
brown (lOR 5/4) and light greenish 
gray (5GY 8/1), weathering same 
colors, fine silt; firmly cemented, cal
careous; structureless; weathers to 
form steep slope. Contains thin limy 
siltstone bed about 10 ft below top 
of unit. This bed contains limy masses 
within a silty matrix. The unit may 
be equivalent to the Owl Rock Mem
ber of the Chinle Formation or may 
be a peculiar lithologic unit at the 
top of the Petrified Forest Member .... 

1. Clayey siltstone to silty claystone, pale 
reddish brown (lOR 5/4) and subor
dinate grayish red purple (5RP 
4/2), weathering same colors; swell
ing clays; firmly indurated, slightly 
calcareous to noncalcareous; prob
ably structureless, possibly some hor
izontal stratification planes; weathers 
to form frothy-surfaced badlands ....... . 

Total of incomplete Petrified For-

Feet 

38.6 

22.4 

110.5 

9.2 

36.2 

216.9 

75.8 

56+ 

est Member .................................... 131.8+ 

Total of incomplete Chinle Forma-
tion (including reddish sandstone 
member of Silver, 1948) ................ 348.7+ 

Base of section; base of exposure. 

NM-19. CORREO 
Measured on south side of Mesa Gigante about 2~ miles north 

of Correo, northeastern part of sec. 20, T. 9 N., R. 9 W., 
NMPM, Valencia County 

[Measured by J. H. Stewart and R. F. Wilson, May 1956] 

Top of section; not top of exposure. Top of section Feet 

is N. 7° E. of overpass of U.S. Highway 66 over 
AT&SF railroad and N. 22° W. of middle of Mesa 
Redondo. 

Todilto Limestone: 
8. Limestone, light olive gray (5Y 6/1), 

weathering yellowish gray (5Y 8/1) 
in basal 4.5 ft and light olive gray 
(5Y 6/1) in rest of unit, dense to 
very finely crystalline; horizontally 
thinly laminated; weathers to form 
conspicuous darkish ledge. Only basal 
few feet of unit examined. Unit is 
about 20 ft thick. ............................. Unmeasured 

Entrada Sandstone: 
Upper sandy member: 

7. Sandstone, light greenish gray (5GY 
8/1), very thin bands of moderate 
greenish yellow ( 10 Y 7 I 4) and gray
ish red purple (5RP 4/2) in basal 0.5 
ft, weathering same colors, very fine 
grained, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory mineral; poorly ce
mented, calcareous; horizontally lam-
inated to very thin bedded; weathers 
to form vertical cliff ............................. . 

6. Sandstone, light brown (5YR 6/4) and 
light greenish gray (5GY 8/1) in top 
25 ft, weathering same colors, fine to 
medium grained, fair sorted; com-
posed of subround to round reddish-
stained quartz in lower 105 ft of unit 
and clear quartz in top 25 ft, com-
mon orange and black accessory min-
erals, poorly cemented, calcareous; 
composed of thin to very thick wedge-
planar sets of small- to large-scale 
high- and low-angle cross-laminae; 
weathers to form hill and gully to
pography in lower part of unit and 
steep slope to vertical cliff in upper 
part. Basal few feet in places contain 
medium to very coarse rounded clear 
quartz and black, white, and orange 
grains ..................................................... . 

Total of upper sandy member ....... . 

Medial silty member: 
5. Siltstone (80 percent) to sandstone (20 

percent), pale reddish brown (lOR 
5/4) thin color bands and mottling 
of light greenish gray (5GY 8/1), 
weathering same colors, all grada
tions from fine siltstone to very fine 
grained sandstone; firmly to well ce
mented, calcareous; horizontally lam
inated to thin bedded, sparse thin sets 
of ripple laminae, many beds contain 
indistinct wavy laminae which are 
possibly contorted ripple laminae; 

4.5 

130.0 

134.5 
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Entrada Sandstone-Continued 
Medial silty member-Continued 

weathers to form gentle slope. In 
places unit contains funnel-shaped 
masses of rock as much as 3 ft high. 
These masses are similar to clastic 
dikes at base of unit. Basal 2 ft of 
unit is dominantly light greenish 
gray and contain medium grains to 
granules of white, gray, and red 
quartz and chert (?) ............................. . 

Total of medial silty member ......... . 

Total of Entrada Sandstone ........... . 

Contact between Entrada Sandstone and Chinle For
mation is sharp and irregular and marks change 
from siltstone and silty claystone below to sand
stone above. Contact marks color change from 
purples below to reds above, and basal part of 
Entrada contains abu.ndant medium grains to 
granules of quartz and chert (?). Entrada fills 
clastic dikes extending down into Chinle Forma
tion. Dikes are as deep as 3 ft and as wide as 2 ft. 

Chinle Formation (incomplete) : 
Petrified Forest Member (incomplete) : 

4. Siltstone to silty claystone, grayish red 
(5R 4/2), moderate red (5R 5/4), 
subordinate pale red (5R 6/2), com
mon light-greenish-gray (5GY 8/1) 
mottling, weathering same colors, fine 
to medium silt; common very fine 
grained accessory white mica in 
places, swelling clays in places; firmly 
cemented, noncalcareous clay bind
ing; structureless with probably some 
horizontally laminated parts; weath
ers to form small hills and knolls. 
Unit contains a few thin sets of pale
red (5R 6/2) very fine grained hori
zontally laminated sandstone and 
possibly some very low angle cross-
stratified sandstone ............................. . 

Correo Sandstone Bed : 
3. Sandstone (80 percent) and conglom

erate (20 percent). Sandstone, pale 
red (5R 6/2 and lOR 6/2), weather
ing grayish orange pink (5YR 7/2), 
fine to medium grained, fair sorted, 
composed of subangular pinkish
stained quartz and about 3 percent 
black mineral; abundant medium
grained accessory white mica; poorly 
cemented, calcareous; composed of 
thin to thick trough sets of low-angle 
small- to medium-scale cross-laminae, 
some parts probably horizontally lam
inated. Conglomerate, yellowish gray 
(5Y 7/2) to pale olive (lOY 6/2), 
weathering olive gray (5Y 4/1), com
posed of coarse grains to granules 
(subordinate pebbles) of gray and 
white siltstone and limestone, set in 
either sand or limy silt matrix. Con-

Feet 

46.3 

46.3 

180.8 

38.2 

Chinle Formation (incomplete)-Continued 
Petrified Forest Member (incomplete) -Con. 

Correo Sandstone Bed-Continued 
glomerate is firmly to well cemented, 
calcareous; horizontally very thin 
bedded, some thin trough sets of very 
low angle small- to medium-scale 
cross-strata. Conglomerate is present 
as thin to very thick sets interstrati
fied and intertonguing irregularly 
with sandstone. Conglomerate forms 
blackish parts of unit and sandstone 
forms brownish parts. Unit weathers 
to form vertical cliff in lower part 
and bench in upper part. Pebbles are 
as large as 2% in. in maximum di-
ameter ..................................................... . 

2. Conglomerate, pale olive (lOY 6/2), 
weathering yellowish gray (5Y 7/2). 
Gravel fraction, coarse grains to cob
bles of light-greenish-gray (5GY 8/1) 
limestone, reddish and gray siltstone, 
and gray sandstone. Granules to cob
bles constitute about 70 percent of 
rock. Matrix, very fine to fine grained 
sand, fair sorted, composed of sub
angular to angular milky grains and 
about 3 percent medium- to coarse
grained dark-green mica. Conglomer
ate is poorly cemented, calcareous; 
composed of indistinct low-angle me
dium- and possibly large-scale cross
strata, some parts of unit are 
probably structureless; weathers to 
form steep slope in lower half and 
vertical cliff in upper half. Unit 
highly variable in thickness along ex
posure and probably fills channels cut 
into underlying unit. Disk-shaped 
cobbles are common and are as .large 
as 7% in. in maximum diameter ....... . 

Total of Correo Sandstone Bed ....... . 

1. Siltstone to clayey siltstone, grayish 
red (5R 4/2 and lOR 4/2), weather
ing same colors and pale reddish 
brown (lOR 5/4), fine silt; swelling 
clays; firmly cemented, calcareous, 
clay binding; stratification mostly 
concealed, probably mostly structure
less; weathers to form frothy-sur
faced slope. Unit contains some 
light-greenish-gray (5GY 8/1) mot
tling and is light greenish gray in top 
0.3 ft. Locally along exposure about 
150 ft of this unit is exposed ............... . 

Total of incomplete Petrified For-
est Member ................................... . 

Total of incomplete Chinle Forma-
tion ................................................. . 

Base of section; base of exposure. Base of section is 
N. 9o E. of overpass of U.S. Highway 66 over 
AT&SF railroad tracks and N. 23° W. of middle 
of Mesa Redondo. 

Feet 

53.0 

9.5 

62.5 

28.0+ 

128.7 

128.7 
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NM-21. PETOCH BUTTE 
Measu1·cd on the cast side of Petoch Butte, middle of sec. 32, 

T. 8 N., R. 6 W., NMPM, Valencia County 
[Measured by J. H. Stewart and R. F. Wilson, May 1956] 

Top of section; not top of exposure. Feet 

Entrada Sandstone (incomplete) : 
Upper sandy member: 

5. Sandstone, light brown (5YR 6/4), 
weathering same color, fine grained, 
fine to medium grained in parts, com
mon disseminated medium to very 
coarse grains in places, fair to well 
sorted; composed of subround red
dish-stained quartz and common black 
accessory mineral; poorly cemented, 
slig·htly calcareous; composed of thin 
to thick tabular and wedge-planar 
sets of low- and high-angle small- to 
medium-scale cross-laminae; weathers 
to form vertical cliff. Basal contact 
of unit sharp and persistent. Pos
sibly a few 2-in.-deep scours along 
basal contact. Only basal 10 ft of 
unit examined .................................. Unmeasured 

Medial silty member: 
4. Siltstone to sandstone, pale reddish 

brown (lOR 5/4) and subordinate 
light brown (5YR 6/4), weathering 
pale reddish brown (lOR 5/4), thin 
to very thick b.eds and sets of silt
stone alternate with thin to thick 
beds and sets of silty sandstone to 
sandstone, all lithologic types inter
grade. Silty sandstone to sandstone 
is very fine grained, silty in parts, 
fair to well sorted; composed of sub
round reddish-stained quartz and 
common black accessory mineral. Unit 
as whole is firmly to well cemented, 
calcareous; horizontally thinly lami
nated to thin bedded, ripple lami
nated in a few places, indistinct wavy 
laminae (possible ripples) in places. 
Unit weathers to form slope in lower 
half and vertical cliff in upper half. 
Sandstone in basal foot of unit con
tains· about 10 percent coarse grains 
to granules of black, orange, and 
clear quartz, quartzite ( ?) , and chert. 
One or two sets of sandstone in upper 
part of unit contain common medium 
to very coarse rounded grains of 
quartz ( ?) . Base of unit appears 
gradational with underlying unit........ 36.7 

Total of medial silty member.......... 36.7 

Total of incomplete Entrada Sand-
stone ............................................... . 

Wingate Sandstone: 
Lukachukai Member: 

3. Sandstone, light brown (5YR 6/4) to 
moderate reddish orange (lOR 6/6), 
weathering same color, fine grained, 

36.7 

Wingate Sandstone-Continued 
Lukachukai Member-Continued 

minor fine- to medium-grained parts, 
medium grains commonly concen
trated along stratification planes, 
fair to well sorted; composed of sub
round reddish-stained quartz and 2 
to 3 percent black mineral; poorly ce
mented, calcareous; composed of thin 
to thick wedge- and tabular-planar 
sets of low- and high-angle small
to medium-scale cross-laminae; weath-
ers to form ledge ................................... . 

2. Sandstone, siltstone, and conglomeratic 
sandstone, light brown (5YR 6/4), 
pale reddish brown (lOR 5/4), and 
light greenish gray (5GY 8/1), col
ors mottled, weathering same colors. 
Unit is composed of siltstone, silty 
very fine grained sandstone with com
mon scattered fine to coarse grains, 
and conglomeratic sandstone. These 
rock types are poorly sorted, com
posed of subround to subangular 
clear and reddish-stained quartz and 

·sparse black accessory minerals. 
Coarser grains are subrounded to 
rounded. Granules to pebbles are of 
quartzite, quartz, and chert, are 
faceted and pitted, and may be venti
facts. One cobble is 3% in. in maxi
mum diameter. Unit as whole is well 
to firmly cemented, calcareous; struc
tureless and gnarly stratified; and 
weathers to form basal part of cliff. 
Unit is highly variable in thickness 
and may .be absent locally ...... : ............ . 

Total of Lukachukai Member ......... . 

Total of Wingate Sandstone ........... . 

Contact of Wingate Sandstone and Chinle Forma
tion sharp and marked by change from siltstone 
below to conglomeratic sandstone to sandstone 
above. Wingate fills channels cut as deep as 2 ft 
into the Chinle. Contact also marked by many 
clastic dikes about 3 to 4 ft deep and from a few 
inches to a foot wide. The dikes extend down into 
the Chinle Formation and are filled with sand
stone and conglomeratic sandstone of the overlying 
unit. 

Chinle Formation: 
Petrified Forest Member: 

1. Siltstone, pale reddish brown (lOR 
5/4), pale red (lOR 6/2), and gray
ish red (lOR 4/2 and 5R 4/2), weath
ering same colors; firmly cemented, 
calcareous; structureless, weathers to 
form steep slope. About 200 ft ex
posed. Unit contains swelling clays in 
lower half. Siltstone in about upper 
half weathers with a frothy surface, 
suggesting that it contains swelling 
clays, but siltstone did not swell on 

213 

Feet 

16.0 

1± 

17.0 

17.0 
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Chinle Formation-Continued Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

contact with water. Possibly some of 
this upper half of the exposed Chinle 
is equivalent to unit 2 of the Blue-
water Creek section .......................... Unmeasured 

Base of section; not base of exposure. Base of sec-
tion on east side of Petoch Butte. 

UTAH 

U-1. LAKE FORK RIVER 
Measured on south side of canyon of Lake Fork River in 

SEl./4 sec. 34, T. 2 N., R. 5 W., UM, Duchesne County 
[Measured by F. G. Poole and J. H. Stewart, September 1956] 

Top of section; not top of exposure. Line of section Feet 

trends about S. 25° E. Top of section about 3,000 
ft N. 75o E. from bridge across small northward
draining tributary of Lake Fork River. 

Glen Canyon Sandstone: 
19. Sandstone, yellowish-gray (5Y 8/1) to 

very pale orange (lOYR 8/2) with 
minor grayish-orange (lOYR 7/4) 
mottling, weathering same colors, 
very fine to fine grained, well sorted; 
composed of rounded to well-rounded 
clear and milky quartz, common feld
spar and uncommon black (iron ox
ide?) accessory mineral; firmly to 
poorly cemented, very calcareous; 
composed of thin to very thick trough 
and planar sets of small-, medium-, 
and large-scale cross-laminae to very 
thin crossbeds. Weathers to form 
steep rough slope. Only basal 20 ft 
of unit examined in detaiL .......... Unmeasured 

Chinle Formation: 
Upper member: 

18. Silty claystone, basal 4 ft is pale red
dish brown (lOR 5/4), grading up
ward to grayish red (lOR 4/2) and 
pale red ( 5R 6/2), grayish yellow 
green ( 5G Y 7 I 2) and grayish green 
(lOGY 5/2) in upper half of unit, 
weathering same colors; firmly ce
mented, calcareous; horizontally 
thinly laminated; papery splitting. 
Weathers to form smooth gentle 
slope. Basal 4 ft of unit grades lat
erally into sandy siltstone 20 yd to 
east. Upper contact is not exposed.... 24.7 

17. Sandstone, light greenish gray (5GY 
8/1) to pinkish gray (5YR 8/1), 
weathering same colors and pale red 
(lOR 6/2), very fine grained, silty, 
well sorted ; composed of rounded and 
well-rounded clear, milky, and amber
stained quartz and sparse feldspar 
and black accessory mineral; firmly 
to well cemented, calcareous; hori
zontally laminated to thin bedded; 
platy to slab by splitting; weathers 
to form conspicuous ledge.................... 1.6 

16. Siltstone, pale red (5R 6/2 and lOR 
6/2) to grayish red (lOR 4/2), weath-

Upper member-Continued 
ering same colors; contains common 
well-rounded very fine grains of am
ber-stained quartz; firmly cemented, 
slightly calcareous; horizontally 
thinly laminated to laminated; slabby 
splitting; weathers to form smooth 
slope ....................................................... . 

15. Silty claystone, pale red (lOR 6/2 and 
5R 6/2) to grayish red (lOR 4/2), 
subordinate grayish-yellow-green 
(5GY 7/2) mottling, weathering pale 
red (lOR 6/2) ; firmly cemented, non
calcareous to slightly calcareous; hor
izontally thinly laminated; papery 
splitting; weathers to form smooth 
gentle slope ........................................... . 

14. Clayey siltstone, pale reddish brown 
(lOR 5/4), weathering same color; 
scattered well-rounded very fine 
grains of quartz; firmly cemented, 
calcareous; appears structureless; 
weathers to form smooth gentle slope. 
Topmost part of unit covered ............. . 

13. Silty claystone, grayish red purple 
(5RP 4/2) to grayish red (5R 4/2) 
and greenish gray (5G 6/1), weath
ering same colors and pale red (lOR 
6/2) ; similar to unit 11. Topmost 
part of unit not ·exposed ..................... . 

12. Sandstone, light greenish gray ( 5GY 
8/1) and yellowish gray (5Y 8/1), 
subordinate light-brown (5YR 6/4) 
mottling, weathering same colors and 
pinkish gray (5YR 8/1) ; similar to 
unit 10; light-brown parts composed 
largely of amber-stained quartz. Unit 
weathers to form highest conspicuous 
ledge in section ....................................... . 

11. Silty claystone to clayey siltstone, gray
ish red (lOR 4/2), weathering same 
color; firmly cemented, slightly cal
careous; horizontally thinly lami
nated, papery splitting. Weathers to 
form smooth slope ................................. . 

10. Sandstone, light greenish gray (5GY 
8/1 and 5G 8/1), weathering same 
colors and white (N 9), very fine 
grained, silty, well sorted; composed 
of rounded to well-rounded clear and 
milky quartz grains, common feldspar 
and black (iron oxide?) accessory 
mineral; firmly to well cemented, very 
calcareous; horizontally laminated to 
thick bedded, common ripple laminae, 
sparse trough and planar sets of low
angle medium- and small-scale cross
laminae, sparse cuspate ripples and 
sparse current lineations. Unit weath-
ers to form prominent ledge ............... . 

9. Siltstone, light greenish gray (5GY 8/1 
and 5G 811), grayish red (lOR 4/2), 
weathering same colors; firmly to 
well cemented, calcareous, in part 

Feet 

7.2 

10.2 

14.4 

4.0 

21.0 

4.2 

3.7 



STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation-Continued 
Upper member-Continued 

very argillaceous; horizontally lami
nated to thin bedded, sparse struc
tureless parts, numerous ripple 
laminations and mud cracks. Greenish 
parts of unit are limy, similar to 
limy siltstone in unit 7, and form thin 
ledges. These limy parts contain silty 
claystone pellets. Unit weathers to 
form steep ribbed slope. Upper con
t~ct is transitional with overlying 
unit ......................................................... . 

8. Siltstone, light brown (5YR 6/4) to 
pale red (lOR 6/2), subordinate light
greenish-gray (5GY 8/1 and 5G 8/1) 
mottling; weathering same colors and 
pale reddish brown (lOR 5/4); firmly 
to well cemented, calcareous; horizon
tally laminated, ripple laminated and 
structureless. Unit weathers to form 
steep slope. Unit is transitional with 
overlying unit ....................................... . 

7. Limy siltstone to silty limestone, light 
greenish gray (5GY 8/1 and 5G 8/1), 
greenish gray (5GY 6/1 and 5G 6/1), 
subordinate light- brownish- gray 
(5YR 6/1) and pale-red (lOR 6/2 
and 5R 6/2) mottling in upper part 
of unit, weathering same colors and 
pinkish gray (5YR 8/1); contains 
abundant crystalline calcite; firmly 
to well cemented; horizontally lami
nated to thin bedded and ripple lami
nated; platy to slab by splitting. 
Numerous clayey siltstone pellets in 
lower part of unit. Upper 2 to 3 ft 
of unit weathers to form rough ledge 

Total of upper member ................... . 

Ocher siltstone member: 
6. Silty claystone to clayey siltstone, black

ish red (5R 2/2), grayish red (5R 
4/2), moderate brown (5YR 4/2 and 
5YR 3/4), dark yellowish orange 
(lOYR 6/6), and pale reddish brown 
(lOR 5/4), weathering same colors 
and grayish orange (lOYR 7/4). 
Lower 65 ft of unit is blackish-red 
to grayish-red silty claystone with 
subordinate moderate-yellowish-brown 
(lOYR 5/4) mottling; upper 82ft of 
unit, which is poorly exposed, is dom
inantly moderate-brown and dark-yel
lowish-orange silty claystone and 
clayey siltstone with common scat
tered oolitic structures which are 
probably composed of analcite, calcite 
and (or) dolomite. Goethite probably 
accounts for ocher color of unit. Silty 
claystone to clayey siltstone is firmly 
to well cemented (noncalcareous to 
calcareous), structureless, and breaks 
into small angular and rounded frag
ments. Unit as whole weathers to 

Feet 

15.7 

26.1 

4.0 

136.8 

Chinle Formation-Continued 
Ocher siltstone member-Continued 

form smooth rubble-covered slope. 
Topmost part of unit covered by 
debris from overlying unit ................... . 

5. Covered. Based on nearby partial ex
posures, this part of section is part of 
ocher siltstone member ......................... . 

Total of ocher siltstone member ..... . 

Mottled member: 
4. Covered. Based on nearby partial ex

posures, this part of section belongs 
in the mottled member ......................... . 

Total of mottled member ................. . 

Garb·a Member: 
3. Sandstone to pebble conglomerate, white 

(N 9) to pinkish gray (5YR 8/1), 
with minor grayish orange (lOYR 
7/4), dark yellowish orange (lOYR 
6/6), and light brown (5YR 6/4), 
weathering same colors, very fine 
sandstone to pebble conglomerate, 
well to poorly sorted; composed of 
subangular to subrounded clear, 
milky, and amber-stained quartz with 
sparse pink quartz, uncommon gray 
feldspar, sparse black accessory min
eral, and sparse white mica; firmly 
to poorly cemented, noncalcareous to 
slightly calcareous, clay binding; com
posed of very thin to thick trough 
and planar sets of low-angle medium
and small-scale cross-laminae to· thin 
cross beds; flaggy to massive splitting. 
Granules and pebbles are composed of 
subround to round clear, milky, and 
pink quartz (as much as 0.8 in. in 
maximum diameter) and subordinate 
chert. Estimated 40 percent of unit 
is sandstone and 60 percent is gran
ule sandstone and small-pebble con
glomerate. Matrix of coarse fraction 
of unit is largely coarse to very 
coarse grained sand. Unit along line 
of section appears to be along side 
of a channel which is centered about 
200 ft to east. In the deepest part of 
the channel, the unit is about 100 ft 
thick. Unit weathers to form cliff 
with many rough ledges ....................... . 

Total of Gartra Member ................. . 

Total of Chinle Formation ............... . 

Unconformity. 
Mahogany Formation (incomplete): 

2. Sandstone (90 percent) and clayey silt
stone (10 percent). Sandstone, pale 
red (5R 6/2 and lOR 6/2), pale red 
purple (5RP 6/2), grayish red pur
ple ( 5RP 4/2), mottling of very light 
gray (N 8) to pinkish-gray (5YR 
8/1), zone in upper 2 ft of unit con
sisting of greenish-gray (5GY 6/1), 
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Mahogany Formation (incomplete) -Continued 
light-greenish-gray (5GY 8/1), and 
dark-yellowish-gray (lOYR 6/6), 
weathering same colors; very fine to 
fine grained, well sorted; composed of 
rounded to well-rounded clear, milky, 
and smoky quartz with subordinate 
iron-stained quartz and common white 
and dark-green mica; firmly to poorly 
cemented, calcareous to noncalcare
ous, clay binding; horizontally lami
nated to very thin bedded; platy to 
flaggy splitting; weathers to form 
smooth steep slope. Numerous silty 
clay pellets scattered throughout 
sandstone. Clayey siltstone, greenish 
gray (5GY 6/1), light greenish gray 
(5GY 8/1 and 5G 8/1), dark yellow
ish orange (lOYR 6/6), and moderate 
yellowish brown (lOYR 5/4); com
posed of abundant very fine grained 
quartz and sparse to common mica; 
firmly cemented, slightly calcareous 
to noncalcareous; horizontally thinly 
laminated to very thin bedded; pa
pery to flaggy splitting; weathers to 
form steep smooth slope. The clayey 
siltstone occurs in top 2 ft of unit. 
Unit as a whole forms a bleached 
zone at the top of the Mahogany For-
mation ..................................................... . 

1. Claystone and siltstone (75 percent) and 
sandstone (25 percent). Claystone 
and siltstone, dark reddish brown 
(lOR 3/4) and grayish red (lOR 4/2 
and 5R 4/2), weathering same colors 
with subordinate pale red (5R 6/2), 
claystone grades through silty clay
stone and clayey siltstone to silt
stone; contains abundant very fine 
quartz grains and common white 
mica; firmly cemented, calcareous; 
thinly laminated and laminated to 
structureless; papery and shaly split
ting; weathers to form steep smooth 
slope. Sandstone, light greenish gray 
(5GY 8/1 and 5G 8/1) and minor 
pale red (5R 6/2) and grayish red 
(lOR 4/2 and 5R 4/2), weathering 
same colors, very fine to medium 
grained with common coarse grains, 
fair to well sorted; composed of 
rounded and well-rounded milky and 
smoky quartz with minor clear, pink, 
and amber-stained quartz, sparse to 
common white and black mica and 
chlorite, some black and green acces
sory minerals; firmly to well ce
mented, very calcareous; horizontally 
laminated to thick bedded and ripple 
laminated; platy to blocky splitting; 
weathers to form resistant ledges. 
Sandstone is present as thin to very 
thick sets interstratified with clay
stone and siltstone. Numerous clay 

Feet 

10.5 

Mahogany Formation (incomplete) -Continued Feet 

pellets are scattered throughout the 
sandstone; these weather out, leaving 
a pitted surface. Only top few feet of 
Mahogany Formation examined .... Un.measured 

Total of incomplete Mahogany For-
mation .............................................. 10.5 

Base of section; not base of exposure. Base of sec-
tion on point about 500 ft south of river. 

U-3. BUCKHORN WASH 
Measured along west side of Buckhont Wash, about 2 miles 

north of San Rafael River, and up side of canyon to west; 
southeast co·tner of sees. 3 and 10 (unsurveyed), T. 20 S., 
R. 11 E., SLM, Emery County 

[Measured by J. H. Stewart and C. H. Scott, July 1953] 

Top of section; top of accessible exposure. Feet 

Wingate Sandstone: 
22. Sandstone, yellowish gray (5Y 8/1) 

and very pale orange (lOYR 8/2), 
weathering grayish orange (lOYR 
7 I 4) , very fine grained, well sorted; 
composed of subrounded to rounded 
clear quartz and rare black accessory 
minerals; poorly to firmly cemented, 
calcareous; composed of thin to thick 
trough sets of small- to medium-scale 
high-angle cross-laminae; dominantly 
massive splitting; weathers to form 
vertical cliff. Only basal 20 ft exam
ined. Basal 7 to 8 ft forms ledge 
weathering away from main vertical 
cliff. Strata from 4.3 to about 8.0 ft 
above base of unit are dominantly 
horizontally laminated. Basal 1 in. 
contains rare medium well-rounded 
quartz grains. Very thin set of hori
zontal laminae at about 8 ft above 
base of unit is pale red (lOR 6/2) 
and contains markings similar to 
worm borings on bedding planes .... Unmeasured 

Unconformity. Base of Wingate cuts about a foot 
into top of Chinle in about 20 ft along outcrop. 

Chinle Formation: 
Church Rock Member: 

21. Silty claystone to siltstone, same as 
unit 17. Unit contains thin set of 
light-greenish-gray (5GY 8/1) well
cemented ripple-laminated siltstone 
at 1.1 ft. Unit from 9.8 to 10.9 ft 
above base is sandstone. Sandstone, 
yellowish gray (5Y 8/1) and minor 
light greenish gray (5GY 8/1), weath
ering same colors, very fine grained, 
well sorted; composed of subrounded 
clear quartz and sparse black acces
sory minerals; firmly cemented, 
slightly calcareous; horizontally and 
ripple laminated, slabby splitting. 
Top 0.1 ft of unit is pale green 
(5G 7 /2) .................................................. 11.3 

20. Sandstone, same as lower half of unit 
16. Unit weathers to form steep ledgy 
slope ........................................................ 12.3 



STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation-Continued 
Church Rock Member-Continued 

19. Silty claystone to siltstone, same as unit 
17 except contains sparse (5 percent) 
very thin horizontal beds of light
greenish-gray (5GY 8/1) very fine 
grained sandstone ................................. . 

18. Sandstone, pale red (lOR 6/2) and 
pinkish gray (5YR 8/1), weathering 
grayish orange (lOYR 7/4), very 
fine grained, well sorted; composed 
of subangular to subrounded clear 
quartz and sparse black accessory 
minerals; well cemented, calcareous; 
ripple laminated, platy to slabby 
splitting; weathers to form minor 
ledge ....................................................... . 

17. Silty claystone to siltstone, grayish 
red (lOR 4/2), weathering pale 
reddish brown (lOR 5/4); common 
very fine grained accessory white 
mica; firmly cemented, noncalcareous; 
stratification and splitting concealed; 
weathers to form steep, rubble-cov-
ered slope. Unit poorly exposed ......... . 

16. Sandstone, pale red (lOR 6/2), and 
sparse light greenish gray (5GY 
8/1), weathering pale red (lOR 6/2), 
very fine grained, well sorted; com
posed of subrounded clear quartz and 
common orange and black accessory 
minerals; poorly cemented, calcare
ous; tabular unit, composed of poorly 
developed thin trough to planar sets 
of low-angle medium-scale cross
lamiJ1ae in lower half and of hori
zontal and ripple laminae in upper 
half, platy to flaggy splitting; weath-
ers to form ledge ............................... . 

15. Silty sandstone, light greenish gray 
(5GY 8/1) and minor pale reddish 
brown (lOR 5/4), weathering same 
colors, very fine grained with minor 
silt, well sorted; composed of sub
rounded clear quartz and common 
black and orange accessory minerals; 
well cemented, slightly calcareous; 
tabular unit of horizontal laminae 
and minor ripple laminae; platy to 
flaggy splitting; weathers to form 
vertical cliff. Sparse fine-grained 
accessory white mica. Unit forms 
conspicuous ledge and light-colored 
band about midway between top of 
Moss Back Member and base of 
Wingate Sandstone ............................. . 

14. Silty claystone, dark greenish gray 
(5GY 4/1), grayish purple (5P 4/2), 
and subordinate grayish red (5R 
4/2), weathering reddish purple (5P 
4/2) ; firmly cemented, noncalcareous; 
tabular unit of horizontal laminae; 
platy splitting; weathers to form 
steep slope. Thin set of grayish
red (5R 4/2) and light-greenish-gray 

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

(5GY 8/1) well-cemented horizontally 
laminated limy siltstone occurs 2 ft 
above base of unit ............................... . 

13. Limy siltstone, grayish purple (5P 4/2) 
10.1 and subordinate light greenish gray 

( 5GY 8/1), weathering same colors; 
well cemented; lenticular unit, strati
fication concealed, but some suggestion 
of horizontal bedding planes; slab by 
splitting; weathers to form minor 
ledge ....................................................... . 

12. Silty claystone to siltstone, grayish red 
(lOR 4/2) and pale reddish brown 
(lOR 5/4), weathering pale reddish 

2.3 brown (lOR 5/4); abundant very fine 
grained accessory white mica in parts 
of unit; firmly to well cemented, 
calcareous; tabular unit, stratification 
mostly concealed but contains sparse 
thin ripple-laminated sets and thin 
horizontal beds; splitting concealed; 
weathers to form bench in lower part 

5.7 and steep slope in upper part. Thin 
beds of limy siltstone and siltstone 
with abundant limy masses occur at 
53.3 and 57.8 ft above base of unit ... . 

Total of Church Rock Member ..... . 

Moss Back Member: 
11. Sandstone (70 percent) and conglom

eratic sandstone (30 percent). Sand
stone, yellowish gray (5Y 8/1), 
white (N 9), very pale orange (lOYR 
8/2), and light greenish gray (5GY 
8/1), weathering very pale orange 
(lOYR 8/2) and pale reddish brown 

48.1 (lOR 5/4), fine grained, well sorted; 
composed of subrounded clear quartz 
and sparse black and green acces
sory minerals; poorly to well ce
mented, calcareous; composed of thin 
trough to planar sets of medium- to 
small-scale low-angle cross-laminae; 
platy to massive splitting. Conglom
eratic sandstone, same colors as sand
stone, fine to coarse grained with 
granules to pebbles which generally 
comprise 20 percent of the rock, 
poorly to fair sorted; composed of 
subrounded clear quartz and common 
black and orange accessory minerals, 
granules and pebbles composed of 
subrounded to rounded gray, white, 

25.5 and orange quartzite, quartz, and 
subordinate brown and light-gray 
siltstone; poorly to firmly cemented, 
calcareous; stratification the same as 
in sandstone although less well de
veloped; flaggy to massive splitting. 
Granules and pebbles average about 
% in. in diameter, and the largest 
pebbles are about 2 in. in diameter. 
Unit as a whole is tabular and weath-
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Chinle Formation-Continued 
Moss Back Member-Continued 

ers to form vertical cliff. Stratifica
tion in unit as whole gives horizontal 
appearance. Unit has abundant 
limonite spots. Unit contains sparse 
(1 percent) light-greenish-gray (5GY 
8/1) siltstone to claystone seams ....... . 

Total of Moss Back Member ........... . 

Temple Mountain Member: 
10. Clayey siltstone, pale purple (5P 6/2) 

to grayish purple (5P 4/2), subordi
nate grayish red (lOR 4/2), and 
sparse light greenish gray (5GY 
8/1), weathering grayish purple (5P 
4/2) ; firmly cemented, noncalcare
ous; appears structureless, but some 

·suggestion of horizontal bedding 
planes; massive splitting; weathers 
to form vertical cliff under overhang 
of Moss Back Member. Sparse poorly 
defined thin layers of silty sandstone. 
Silty sandstone composed of coarse 
to very coarse rounded to subrounded 
clear quartz in siltstone matrix. Gray
ish-red color appears to be primary 
color and the purple to be secondary .. 

9. Silty claystone to siltstone, grayish pur
ple (5P 4/2) and grayish yellow (5Y 
8/ 4), weathering pale red purple 
(5RP 6/2); firmly cemented, noncal
careous; stratification mostly con
cealed, but suggestion of horizontal 
laminae; weathers to form steep 
slope ....................................................... . 

8. Sandstone (50 percent) and silty clay
stone. Sandstone, light brown (5YR 
5/6), weathering dark yellowish 
brown (lOYR 4/2), coarse grained, 
fair sorted; composed of subrounded 
clear quartz, accessory minerals 
masked; well cemented, noncalcare
ous; stratification concealed. Silty 
claystone, similar to that in overlying 
unit. Silty claystone is interstratified 
with sandstone. Unit as whole weath-
ers to form very minor ledge ............. . 

7. Clayey siltstone similar to that in unit 
5; weathers to form slope ................... . 

6. Clayey sandstone, light greenish gray 
(5GY 8/1), subordinate white (N 9) 
and grayish yellow ( 5 Y 8/4) , and 
sparse light brown (5YR 5/6), weath
ering light greenish gray (5GY 8/1), 
medium to very coarse grained with 
some interstitial clay, poorly sorted; 
composed of subangular to subrounded 
clear quartz, common limonite spots; 
poorly cemented, clayey binding; 
stratification concealed; weathers to 
form steep rubbly slope ....................... . 

5. Clayey siltstone, light greenish gray 
(5G 8/1), common moderate yellow 

Feet 

80.3 

80.3 

8.4 

6.1 

1.3 

1.7 

21.7 

Chinle Formation-Continued 
Temple Mountain Member-Continued 

(5Y 7/6) along fractures, weathering 
grayish. yellow (5Y 8/4); firmly 
cemented; stratification concealed; 
weathers to form bench ....................... . 

4. Sandstone, medium gray (N 5) to light 
gray (N 7), common light brown 
(5YR 5/6), weathering light brown 
(5YR 6/4), medium to very coarse 
grained, fair sorted; composed of sub
angular to subrounded clear quartz, 
accessory minerals masked, sparse 
subangular granules of clear quartz 
and a few pebbles of quartz as large 
as % in. in diameter; firmly cemented, 
calcareous; lenticular unit of thin 
trough sets of medium-scale low-an
gle cross-laminae; slab by splitting; 
weathers to form minor ledge. Unit 
thickens to north within 500 ft to 
form ledge about 5 ft thick and ap
pears to pinch out to south of line 
of section. Unit highly petrolifero us .. 

3. Sandstone to sandy siltstone, light gray 
(N 7), grayish yellow (5Y 8/4), 
dark yellowish orange (lOYR 6/6), 
and moderate red (5R 5/4), weather
ing pale yellowish orange (lOYR 
8/6), grades from very fine grained 
sandstone in lower 8 ft to sandy 
(very fine grained) siltstone in 
higher part of unit; firmly cemented, 
noncalcareous, probable clay binding; 
appears structureless, massive split
ting; fractures into angular frag
ments; weathers to form steep slope. 
Unit from 0.2 to 0.6 ft above base 
contains about 20 to 30 percent me
dium to. very coarse grains of sub
rounded milky quartz and orange and 
gray minerals. About 500 ft to north 
of line of section a coarse-grained 
sandstone occupies a stratigraphic po
sition equivalent to that of the basal 
few feet of unit. This sandstone is 
similar to that in unit 4. It is as 
much as 3 ft thick and contains 
sparse quartz pebbles ........................... . 

Total of Temple Mountain Member 

Total of Chinle Formation ............... . 

Moenkopi Formation (incomplete) : 
2. Siltstone, light greenish gray (5G 8/1), 

grayish yellow (5Y 8/4) along frac
tures and bedding planes, otherwise 
same as unit 1. Unit appears to be 
a bleached zone at the top of the 
Moenkopi Formation ........................... . 

1. Siltstone, grayish orange (lOYR 7/4), 
weathering same color; sparse fine
grained accessory white mica; firll)lY 
cemented, calcareous; horizontally and 

Feet 

2.3 

3.1 

19.9 

64.5 

339.5 

4.8 
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Moenkopi Formation (incomplete)-Continued Feet 

ripple laminated; platy splitting; 
weathers to form steep rubble-cov-
ered slope. Unit contains sparse (1 
percent) black mineral (iron oxide?), 
the size of fine grains. This black 
mineral may be cubical or irregularly 
spherical. About 15 ft of unit ex-
posed above creek level.. ................ Unmeasured 

Total of incomplete Moenkopi For-
mation.............................................. 4.8 

Base of section; base of exposure. 

U-4. CANE WASH 
Measu1·ecl about 4 ?niles west of the Wickiup on the western 

sicle of the San Rafael Swell, no'rtheast C0?'1te?' sec. 23 and 
no1·thwest C0?'1te?' sec. 24, T. 22 S., R. 10 E., SLM; long 
110°45'80" W., lat 38°53'85" N., Emery County 

[Measured by J. H. Stewart and C. H. Scott, July 1953] 

Top of section; not top of exposure. Top of section Feet 

on northwest side of large outlier of Wingate 
Sandstone. 

Wingate Sandstone: 
16. Sandstone, grayish yellow (5Y 8/4), 

weathering same color, fine grained, 
well sorted; composed of rounded 
clear quartz and sparse black acces
sory mineral; poorly cemented, cal
careous; composed of thick to very 
thick trough sets of medium- to large
scale cross-laminae; massive split
ting; weathers to form vertical cliff. 
Basal 3 ft contains abundant well
rounded quartz grains. Basal 1.5 ft 
is horizontally laminated. Common 
small-scale cross-laminae from 1.5 to 
5.0 ft above base of unit. Only basal 
10 ft of unit examined .................... Unmeasured 

Chinle Formation: 
Church Rock Member: 

15. Sandstone, greenish gray (5GY 6/1) 
and light greenish gray (5GY 8/1) 
in basal 5.6 ft of unit, yellowish gray 
(5Y 7/2) and light greenish gray 
(5GY 8/1) from 5.6 to 10.4 ft above 
base of unit, weathering light green
ish gray (5GY 8/1), very fine grained, 
well sorted; composed of subrounded 
clear quartz, basal 5.6 ft contains 
common interstitial clay; poorly ce
mented, calcareous; tabular unit of 
horizontal and ripple laminae; platy 
splitting; weathers to form steep slope 
containing ledge from 5.6 to 10.4 ft 
above base of unit. Common fine
grained accessory white mica. Units 
13 through 15 form light-colored se-
quence at top of Chinle........................ 10.4 

14. Sandstone, grayish orange (lOYR 7/4) 
and pale yellowish orange (lOYR 
8/6), weathering grayish yellow (5Y 
8/4), very fine to fine grained, well 
sorted; composed of subangular clear 

472-202 0- 72 - 15 

Chinle Formation-Continued 
Church Rock Member-Continued 

quartz, uncommon coarse-grained ac
cessory white mica; tabular unit of 
thin trough to planar sets of small
to medium-scale low-angle cross-lam
inae; platy to slabby splitting; 
weathers. to form conspicuous ledge 
near top of Chinle Formation ............... . 

13. Clayey siltstone, greenish gray (5GY 
6/1), light greenish gray (5GY 8/1), 
subordinate dusky yellow (5Y 6/4), 
weathering light greenish gray (5GY 
8/1) ; poorly cemented, noncalcare
ous; stratification and splitting con
cealed; weathers to form steep slope. 
Basal 1.6 ft of unit is sandstone. 
Sandstone, grayish . orange (lOYR 
7/4), subordinate pale red (lOR 6/2), 
very fine grained; firmly cemented, 
calcareous; ripple laminated, platy 
splitting; weathers to form minor 
ledge ....................................................... . 

12. Siltstone (75 percent) and sandstone 
(25 percent). Siltstone, grayish red 
(lOR 4/2) and dark reddish· brown 
(lOR 3/4), weathering pale reddish 
brown (lOR 5/4); firmly cemented, 
noncalcareous; stratification con
cealed. Sandstone, pale red (lOR 
6/2), subordinate pale reddish brown 
(lOR 5/4), weathering pale reddish 
brown (1 OR 5/4) , very fine grained ; 
firmly cemented, calcareous; ripple 
laminated; platy splitting. Sandstone 
is present as 5-ft-thick set in middle 
of unit and as common thin sets in 
rest of unit. Unit as whole tabular 
and weathers to form steep slope con
taining minor ledges. Unit forms 
smooth earthy red slope on cliffs to 
southwest of line of section ................. . 

11. Sandstone, pale reddish brown (lOR 
5/4), subordinate grayish orange 
(lOYR 7/4) and olive gray (5Y 4/1), 
weathering pale reddish brown (lOR 
5/4) , very fine grained, well sorted; 
composed of subangular to subrounded 
clear quartz and sparse black acces
sory minerals; well cemented, cal
careous; tabular unit, stratification 
poorly developed but probably ripple 
laminated; massive splitting; weath
ers to form steep slope. Unit from 
about 4 to 6 ft from b~se is entirely 
grayish orange (lOYR 7/4) and olive 
gray (5Y 4/1) and contains sparse 
rounded medium to coarse grains of 
quartz and common petroliferous ma
terial. This part of unit forms per
sistent light-colored ledge in local 
area. Basal 3 in. of unit is light 
greenish gray (5GY 8/1) and limy .... 
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Feet 

4.7 

12.0 

23.8 

14.2 
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Chinle Formation-Continued 
Church Rock Member-Continued 

So-called Black Ledge: 
10. Sandstone, light gray (N 7), subordi

nate light greenish gray (5GY 8/1), 
light olive gray (5Y 6/1), and olive 
gray (5Y 4/1), weathering yellowish 
gray (5Y 8/1), fine grained, well 
sorted; composed of subrounded milky 
quartz, sparse coarse-grained acces
sory white mica and common inter
stitial green clay in upper half; 
poorly cemented, calcareous, tabular 
unit of thin trough sets of small- to 
medium-scale low-angle cross-laminae 
(boundaries of sets are nearly hori
zontal); platy splitting; weathers to 
form steep ledgy slope. Common pet
roliferous material. Unit forms verti-
cal cliff in places ................................... . 

9. Sandstone (50 percent) and conglom
erate (50 percent). Sandstone, yel
lowish gray (5Y 8/1), pinkish gray 
(5YR 8/1), and medium light gray 
(N 6), weathering medium light gray 
(N 6), fine to medium grained, well 
sorted; composed of subrounded clear 
and milky quartz; sparse flakes of 
green clay; well cemented, calcare
ous; not porous, interstices probably 
filled with calcite; composed of thin 
trough sets of low-angle medium
scale cross-laminae; slab by splitting. 
Conglomerate, pale red purple (5PR 
6/2) and greenish gray (5GY 6/1), 
weathering medium light gray (N 
6); composed of rounded to well
rounded greenish gray and pale-red 
limestone granules to cobbles in aph
anitic calcite matrix; well cemented; 
composed of thin trough sets of me
dium- to large-scale cross-laminae; 
slabby splitting. Granules to cobbles 
average about lfs in. in diameter, but 
rarely cobbles have maximum diam
eter of 6 in. Thin sets of conglomer
ate interstratified with sandstone 
throughout unit. Unit as whole tabu
lar and weathers to form most con
spicuous ledge in Chinle above Moss 
Back Member ....................................... . 

Total of so-called Black Ledge ....... . 

8. Siltstone, grayish purple (5P 4/2), pale 
red purple (5RP 6/2), subordinate 
grayish red (5R 4/2), sparse pale 
green (5G 7/2), weathering pale red 
purple (5RP 6/2); firmly to well ce
mented, calcareous; stratification and 
splitting concealed; weathers to form 
.steep slope. Thin bed of limy siltstone 
at 34.2 ft. Top 1.5 ft i$ pale green 
( 5G 7/2) and contains abundant pale-
green (5G 7/2) limestone nodules ..... . 

Feet 

31.0 

10.3 

41.3 

54.2 

Chinle Formation-Continued Feet 

Church Rock Member-Continued 
7. Clayey siltstone, grayish red (lOR 4/2), 

subordinate greenish gray (5GY 6/1), 
weathering pale reddish brown (lOR 
5/4) ; common fine-grained accessory 
white mica; firmly cemented, calcare
ous; stratification concealed; weath-
ers to form steep slope.......................... 17.4 

Total of Church Rock Member........ 178.0 

Moss Back Member: 
6. Sandstone (70 percent) and siltstone 

(30 percent). Sandstone, same as 
sandstone in unit below except is hor- · 
izontally laminated and contains sub
ordinate ripple laminae and thin 
trough sets of medium-scale low-angle 
cross-laminae. Sandstone· commonly 
contains light-greenish-gray (5GY 
8/1) interstitial clay. Sandstone in 
upper 20 ft is entirely fine grained. 
Siltstone, greenish gray (5GY 6/1) 
and light greenish gray (5GY 8/1), 
weathering light greenish gray (5GY 
8/1), commonly clayey; sparse fine
grained accessory white mica; firmly 
cemented, noncalcareous; horizontally 
thinly laminated to laminated; platy 
splitting. Unit varies considerably in 
thickness along outcrop. Unit weath
ers to form steep slope containing 
abundant sandstone ledges. Unit 
poorly exposed. Exact percentage of 
siltstone and sandstone not determin
able. To the north of the line of sec
tion, unit forms massive sandstone 
cliff continuous with unit below. To 
the southeast of the line of section, 
the upper % of the unit grades into 
reddish-brown siltstone the same as 
that in the overlying unit. About 30 
percent of unit is covered.................... 70.0 

5. Sandstone (90 percent) and conglom
eratic sandstone (10 percent). Sand
stone, yellowish gray (5Y 8/1), gray
ish orange (10YR 7/4), and light 
gray (N 7), weathering yellowish 
gray (5Y 8/1), fine to medium 
grained, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory mineral ; poorly ce
mented, calcareous; composed of thin 
to thick trough sets of small- to me
dium-scale low-angle cross-laminae, 
and subordinate horizontal laminae; 
platy to massive splitting. Conglom
eratic sandstone, yellowish gray (5Y 
8/1) and light gray (N 7), weathering 
same colors; composed of granules 
and pebbles in sand matrix. Sand 
matrix is same as sand in rest of 
unit. Granules and pebbles are com
posed of siltstone, limestone, and sub-
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Chinle Formation-Continued 
Moss Back Member-Continued 

ordinate quartzite, quartz, and chert. 
Granules and pebbles average about 
% in. in diameter. Conglomeratic 
sandstone grades to conglomerate in 
a few ·places. Conglomeratic sand
stone is present as thin to thick sets 
interbedded with sandstone and is 
dominantly found in lower 10 ft of 
unit but rarely elsewhere in unit. 
Unit contains sparse light-greenish
gray (5GY 8/1) clay pellets and very 
thin to thin beds of claystone. Unit 
contains common carbonaceous ma
terial and sparse silicified wood. Unit 
as whole gives impression of contain
ing abundant horizontal stratification 
planes and weathers, in general, to 
form a vertical cliff ............................. . 

Total of Moss Back Member ........... . 

Temple Mountain Member: 
4. Siltstone, pale red purple (5RP 6/2), 

medium light gray (N 6), subordi
nate grayish red (5R 4/2) and dusky 
yellow (5Y 6/4), top 5 ft consist of 
light gray (N 7) and light greenish 
gray (5GY 8/1) with subordinate 
moderate yellow (5Y 7 /6), weather
ing pale purple (5P 6/2) and green
ish gray (5GY 6/1) ; lower few feet 
of unit contains common well-rounded 
medium to coarse quartz grains; 
firmly cemented, noncalcareous; strat
ification and splitting concealed; 
fractures into pebble-size angular 
fragments; weathers to form steep 
slope ....................................................... . 

3. Siltstone (50 percent) and sandstone 
(50 percent). Siltstone, grayish red 
(5R 4/2), subordinate light greenish 
gray (5GY 8/1) and dusky yellow (5Y 
6/4) ; firmly cemented, noncalcare
ous; stratification concealed. Sand
stone, grayish red purple (5RP 4/2) 
and light greenish gTay (5GY 8/1), 
weathering pale red purple (5RP 
6/2), very fine grained; well ce
mented, noncalcareous; stratification 
concealed. Sandstone confined to about 
upper half of unit where it occurs 
along with layers of siltstone. Unit as 
whole weathers to form steep slope .... 

2. Sandstone, moderate brown (5YR 4/4), 
grayish red purple ( 5RP 4/2), coarse
grain-sized white (N 9) spots, weath
ering light brown (5YR 6/4), me
dium-grained, minor interstitial clay 
and silt, poorly to well sorted; com
posed of subrounded clear quartz and 
common black accessory minerals; 
lenticular unit, stratification con-

Feet 

95.6 

165.6 

14.4 

8.2 

Chinle Formation-Continued 
Temple Mountain Member-Continued 

cealed; slab by splitting; weathers to 
form inconspicuous ledge .................... .. 

Total of Temple Mountain Member 

Total of Chinle Formation .............. .. 

Moenkopi Formation: . 
1. Siltstone, grayish red (lOR 4/2) and 

pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4); 
abundant fine- to medium-grained 
white mica; firmly cemented, noncal
careous; stratification and splitting 
concealed; weathers to form slope. 

Feet 

1.6 

24.2 

367.8 

Only top few feet examined ............ Unmeasured 
Base of section; not base of exposure. 

U-5. LUCKY STRIKE MINE 
Measu1·ed about % 1nile south of Lucky Strike mine on the 

west side of the Sinbad in the San Rafael Swell, sec. 6 (un
su?·veyed), T. 24 S., R. 9 E., SLM, long 110°57'00" W., lat 
38° 44'55" N., Eme1·y County· 

[Measured by J. H. Stewart and C. H. Scott, July 1953] 

Top of section; top of accessible exposure. Top of Feet 

section about S. 10° W. of Lucky Strike mine and 
N. 56° W. of prominent northern outlier of Chinle 
Formation. 

Wingate Sandstone: 
13. Sandstone, light olive gray (5Y 6/1) 

and yellowish gray (5Y 7 /2), weath
ering grayish orange (lOYR 7/4), 
fine grained, well sorted; composed 
of rounded clear quartz, poorly ce
mented, slightly calcareous; composed 
of thin to very thick trough sets of 
medium-scale cross-laminae; massive 
splitting; weathers to form vertical 
cliff. Contains petroliferous material. 
Bottom 1 in. contains abundant well
rounded medium quartz grains. Only 
bottom 10ft of unit examined ........ Unmeasured 

Contact of Wingate Sandstone and Chinle Formation 
placed at lithologic change from siltstone below to 
fine-grained sandstone above. Wingate forms verti
cal cliff whereas Chinle forms slope. Bottom 1 in. 
of Wingate contains abundant well-rounded me
dium grains. 

Chinle Formation: 
Church Rock Member: 

12. Siltstone, dusky yellow (5Y 6/4) and 
light greenish gray (5GY 8/1), weath
ering same colors, sparse fine-grained 
accessory white mica; firmly c~mented, 
noncalcareous; stratification con
cealed, weathers to .form steep light
colored slope at top of Chinle Forma
tion. Thin set of grayish-yellow (5Y 
8/4) horizontally laminated very fine 
grained sandstone occurs at 9.4 ft 
above base of unit.. .............................. .. 

11. Siltstone, grayish red (lOR 4/2) and 
sparse grayish red purple ( 5RP 4/2), 

14.4 
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Chinle Formation-Continued 
Church Rock Member-Continued 

weathering pale reddish brown (lOR 
5/4), uncommon very fine grained ac
cessory white mica, firmly cemented, 
noncalcareous; stratification · con
cealed, weathers to form steep slope. 
Three thin sets of pale-red UOR 6/2) 
horizontally and ripple laminated 
very fine grained sandstone occurs at 
about 22 ft above base· of unit, and 
one thin set of this same sandstone 
occurs at about 36 ft ............................. . 

10. Sandstone (50 percent) and conglomer
atic sandstone to conglomerate (50 
percent), pale red (lOR 6/2) and sub
ordinate light greenish gray (5GY 
8/1), weathering pale brown (5YR 
5/2), fine· to medium grained, sparse 
very fine grained, fair sorted; com
posed of subrounded clear quartz and 
common orange and gray accessory 
minerals, firmly cemented, calcare
ous; composed of thin trough sets of 
medium-scale low-angle cross-lami
nae, subordinate ripple laminae; 
platy to slabby splitting. Conglomer
atic sandstone to conglomerate, 
granules and cobbles in fine- to me
dium-grained sand matrix. Sand 
matrix same as sand in rest of unit. 
Granules to cobbles are composed of 
rounded siltstone and limestone. The 
maximum cobble diameter is about 4 
in. Conglomeratic sandstone to con
glomerate is interstratified with and 
intergrades with the sandstone. Unit 
as whole is lenticular and forms 
minor ledge. Unit. is not present on 
exposures to west ................................... . 

9. Sandy siltstone to silty sandstone, pale 
red (lOR 6/2) and pale reddish 
brown ,(lOR 5/4), sparse light green
ish gray ( 5GY 8/1), weathering pale 
reddish brown (lOR 5/4), grades 
from siltstone with minor amounts 
of very fine sand grains to very firie 
grained sandstone with minor silt; 
uncommon very fine grained acces
sory white mica; firmly cemented, 
calcareous; horizontally laminated to 
thinly ·laminated and ripple lami
nated; platy splitting; weathers to 

· form steep slope ..................................... . 
so·-called Black Ledge : 

8. Sandstone, very light gray (N 8) to 
. light gray (N 7) and yellowish gray 

(5Y 8/1), weathering yellowish gray 
(5Y 8/1), fine grained, well sorted, 
composed of subrounded clear quartz, 
and common orange accessory miner
als, abundant black spots which may 
possibly be petroliferous material, un-

Feet Chinle Formation-Continued 

41.4 

12.8 

20.4 

Church Rock Member-Continued 
So-called Black Ledge-Continued 

common medium-grained accessory 
white mica; poorly cemented, calcare- · 
ous; composed of thin trough sets of 
medium-scale low-angle cross-lami
nae, possibly horizontally laminated 
in top few feet; platy splitting; 
weathers with unit below to form ver
tical cliff which is most prominent 
cliff in the Chinle Formation above 
that in the Moss Back Member ........... . 

7. Heterogeneous unit, sandstone type 1 
(50 percent) and type 2 (20 percent) 
and conglomeratic sandstone (30 per
cent). Sandstone type 1, light green
ish gray (5GY 8/1), weathering 
grayish orange (lOYR 7/4), very fine 
grained, may grade to siltstone at 
places; well cemented, calcareous; rip
ple laminated, uncommon thin trough 
sets of low-angle medium-scale cross
laminae; platy to slab by splitting. 
Sandstone type 2, light greenish gray 
(5GY 8/1) and minor pale red 
purple (5RP 6/2), weathering grayish 
orange (lOYR 7/4) with minor 
amounts of pale red purple (5RP 
6/2), fine to medium grained, well 
sorted; composed of subangular clear 
quartz and abundant orange and gray 
accessory minerals; abundant intersti
tial clay; poorly cemented, calcareous 
horizontally laminated, subordinate 
thin trough sets of low-angle cross
laminae; platy to slab by splitting. 
Conglomeratic sandstone, same as 
sandstone type 2 except contains 
from a few percent to as much as 40 
percent granules and pebbles of 
limestone and siltstone. Pebbles are 
as large as 4 in. in diameter. Unit as 
whole weathers to form vertical cliff .. 

Total of so-called Black Ledge ....... . 

6. Siltstone, grayish red (lOR 4/2) and 
subordinate grayish red purple ( 5RP 
4/2) and greenish gray (5GY 6/1) 
in top 10 ft of unit, weathering pale 
reddish brown (lOR 5/4) and, in top 
10 ft, pale red purple (5RP 6/2), 
common very fine grained accessory 
white mica; firmly cemented, slightly 
calcareous; tabular unit, stratifica
tion mostly concealed but where ex
posed is horizontally laminaed, platy 
splitting; weathers to form steep 
slope between two prominent sand
stone layers. Grayish-red (lOR 4/2) 
very fine grained sandstone occurs 
from 21.4 to 22.4 ft above base of 
unit. Unit mostly covered from 23.0 
to 33.0 ft above base of unit ............... . 

Feet 

18.8 

13.0 

31.8 

43.6 
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Chinle Formation-Continued 
Church Rock Member-Continued 

5. Sandstone, olive gray (5Y 4/1) and 
subordinate greenish gray (5G 6/1) 
weathering pale yellowish brown 
(lOY 6/2), very fine grained, well 
sorted; common fine-grained acces
sory white mica; firmly cemented, 
calcareous; horizontally and ripple 
laminated; platy splitting; weathers 
to form bench. Immediately to the 
west of line of section, unit appears 
to grade into greenish-gray (5GY 
6/1) siltstone ......................................... . 

Total of Church Rock Member ....... . 

Moss Back Member: 
4. Sandstone and conglomeratic sandstone. 

Sandstone, light gray (N 7) to me
dium light gray (N 6), with subordi
nate light olive gray (5Y 6/1) and 
olive gray (5Y 4/1), weathering yel
lowish gray (5Y 8/1), fine grained 
with subordinate very fine grained 
parts well sorted; composed of sub
rounded clear quartz and sparse fine
grained accessory white mica; poorly 
cemented, calcareous; composed of 
thin trough sets of medium-scale low
angle cross-laminae; platy splitting. 
Conglomeratic sandstone, same as 
sandstone except contains about 30 
percent granules and pebbles. Gran
ules and pebbles average about % in. 
in diameter, but pebbles may be as 
large as 1% in. in diameter. Granules 
and pebbles are light-brown-weather
ing siltstone and limestone and minor 
amounts ·of quartz, quartzite, and 
chert. Conglomeratic sandstone con
fined to and comprises about 40 
percent of lower 13.6 ft of unit. Con
glomeratic sandstone is in thick sets 
interbedded with sandstone. Position 
and content of conglomeratic sand
stone· varies considerably along expo
sure. Unit as whole tabular and weath
ers to form prominent vertical cliff. 
In places, unit is stained dark gray, 
probably because of presence of pet
roliferous material. Bottom 13.6 ft of 
unit contains common thin poorly ex
posed sets of greenish-gray (5G 6/1) 
silty claystone ....................................... . 

Total of Moss Back Member ........... . 

Monitor Butte Member: 
3. Silty claystone, grayish purple (5GP 

4/2) and common light greenish gray 
(5GY 8/1) and grayish yellow (5Y 
8/4) , weathering same colors; poorly 
cemented, calcareous; stratification 
concealed; weathers to form steep 
slope. Top 2 ft is light greenish gray 

Feet 

3.0 

167.4 

58.6 

58.6 

Chinle Formation-Continued Feet 

Monitor Butte Member-Continued 
(5GY 8/1) with minor amounts of 
grayish yellow (5Y 8/4). Unit con-
tains swelling clay................................ 29.5 

Total of Monitor Butte Member...... 29.5 

Temple Mountain Member: 
2. Sandstone, light greenish gray (5GY 

8/1) with subordinate grayish purple 
(5P 4/2) and common pale yellow
ish orange (lOYR 8/6), weathering 
yellowish gray (5Y 8/1) and pale 
red purple (5RP 6/2), very fine 
grained; firmly cemented, calcareous; 
appears structureless; massive split
ting; fractures into angular parti
cles; weathers to form small ledge. 
The basal 3 ft of unit contains as 
much as 30 percent rounded to well
rounded medium to very coarse 
frosted quartz and orange and gray 
minerals. Unit forms persistent ledge 
at base of Chinle. Colors irregularly 
distributed in unit ................................. . 

Total of Temple Mountain Member 

Total of Chinle Formation ............... . 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), weath

ering pale reddish brown (lOR 5/4), 
abundant very fine grained accessory 
white mica; firmly cemented, noncal
careous; horizontally laminated, platy 
splitting;· weathers to form steep 
slope. Upper 1 ft contains common 
thin light-greenish gray (5GY 8/1) 

8.8 

8.8 

264.3 

sets ··············'·····································Unmeasured 
Base of section; not base of exposure. 

U-6. MUDDY RIVER 
Measured west of the Muddy River and west of the first out

crop of Kaibab Lim.estone up the ·river along the east side 
of the San Rafael Swell, long 110°58'00" W., lat 38°34'30" 
N., Emery County 

[Measured by J. H. Stewart, June 1953] 

Top of section; top of accessible outcrop. Feet 

Wingate Sandstone: 
23. Sandstone, yellowish gray ( 5 Y 8/1) , 

weathering very pale orange (lOYR 
8/2), very fine grained, well sorted; 
composed of subrounded clear quartz 
and common black accessory miner
als; firmly cemented, noncalcareous; 
composed of thin to thick trough and 
planar sets of small- to medium-scale 
cross-laminae; platy and massive split
ting; weathers to form vertical cliff. 
Unit contains abundant well-rounded 
medium to coarse grains of clear 
quartz. Amount of these quartz grains 
decreases upward in lower 10 ft of 
unit. Lower 6 in. of unit appear rip-
ple laminated .................................. Unmeasured 
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Contact between Chinle and Wingate placed at con
spicuous color change from the green strata of 
the Chinle to the yellowish-gray strata of the Win
gate. The basal Wingate contains abundant me
dium to coarse grains. No irregularities in the 
contact noticed. 

Chinle Formation: 
Church Rock Member: 

22. Clayey sandstone to silty claystone, pale 
green (5G 7 /2), weathering same 
color. Clayey sandstone comprises 
about 50 percent of unit. Clayey 
sandstone, very fine grained, minor 
amounts of interstitial clay, grades 
to sandy claystone, poorly sorted. En
tire unit is firmly cemented (slightly 
calcareous), has concealed stratifica
tion, and weathers to form steep loose 
slope. Unit and underlying unit form 
conspicuous green color b~nd in 
Chinle. Sparse coarse grains of white 
mica. Abundant gray chert nodules 
as large as 0.3 ft in diameter occur 
in top 6 in. of unit. Upper 1.1 ft of 
unit is about 50 percent dusky yellow 
(5Y 6/4) ............................................... . 

21. Siltstone, light greenish gray (5G 8/1), 
light brownish gray (5YR 6/1) from 
3.0 to 6.0 ft above base of unit, minor 
amounts of dusky yellow (5Y 6/4) in 
upper 5 ft, weathering same colors; 
well cemented, slightly calcareous; 
stratification concealed; weathers 
to form steep slope containing 
ledges. A way from line of section, 
unit in some places forms vertical 
cliff. Unit appears limy but does not 
effervesce in acid and may be dolo
mitic. Unit grades into overlying unit 

20. Siltstone, pale red purple ( 5RP 6/2), 
weathering same color; firmly ce
mented, noncalcareous; stratification 
concealed; fractures into granule
and pebble-sized fragments; weath-
ers to form slope ................................... . 

19. Siltstone, grayish red (lOR 4/2), pale 
reddish brown (lOR 5/4) and sparse 
light brown (5YR 6/4), weathering 
pale reddish brown (lOR 5/4) ; firmly 
cemented, calcareous; stratification 
concealed; fractures into granule
and pebble-sized angular fragments; 
weathers to form steep loose slope 
containing small ledges. Common 
light-greenish-gray spots ................... . 

18. Siltstone, grayish red (lOR 4/2), weath
ering pale red (5R 6/2) and pale 
reddish brown (lOR 5/4); firmly ce
mented, calcareous; stratification con
cealed; fractures into granule-sized 
fragments; weathers to form steep 
loose slope. A slight difference in 
fresh and weathering colors distin
guishes unit fr.om overlying unit. 

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

Grades into overlying unit. One thin 
set of micaceous ripple-laminated silt-
stone near base ....................................... . 

Total of Church Rock Member ....... . 

Moss Back Member: 
17. Sandstone and conglomeratic sandstone, 

light greenish gray (5GY 8/1), yel
lowish gray (5Y 8/1), light gray (N 
7), pale olive (lOY 6/2), and minor 
amounts of grayish red (lOR 4/2), 
weathers light brown (5YR 6/4) and 
grayish red (lOR 4/2), fine to me
dium grained (some thick sets con
tain minor amounts of course sand) ; 
fair to well sorted. About 30 percent 
of unit is conglomeratic. Conglomer
atic parts contain granules and peb
bles that average % in. in diameter 
and that reach a maximum diameter 
of 2 in. Granules and pebbles are 
composed dominantly of light-brown
weathering siltstone and limy silt-

21.6 stone and to a lesser extent of gray 
and white quartz and white chert. 
Where present, granules and pebbles 
constitute about 30 to 40 percent of 
rock and occur in a sand matrix. 
Sand matrix and sandstone composed 
of fine- to medium-grained (rarely 
coarse-grained) clear quartz and un
common black accessory minerals, 
sparse fine-grained white mica; 
firmly to well cemented, calcareous; 
some possible petroliferous material; 
some parts contain abundant intersti-

15.8 tial clay; composed of thin to thick 
trough sets of low-angle medium
scale cross-laminae, upper one-third 
of unit either is horizontally lami
nated or composed of very low angle 
cross-laminae; platy splitting; weath-

4.3 ers to form prominent vertical cliff .. 

Total of Moss Back Member ........... . 

Monitor Butte Member: 
16. Siltstone, grayish red purple (5RP 

4/2) in lower part and moderate red 
(5R 5/4) in upper part, weathers 
moderate red (5R 5/4) and pale red 
purple (5RP 6/2); firmly cemented, 
slightly calcareous; stratification con-

69.3 cealed; weathers to form steep earthy 
slope. Unit from 3.0 to 0.7 ft below 
the top is dusky yellow (5Y 6/4), 
and from 0. 7 ft below top to the top 
is light greenish gray (5G 8/1). 
Top 5 ft of unit contains irregular 
thin beds, seams, and irregular 
nodules of light-greenish-gray (5GY 
8/1) and grayish-yellow (5Y 8/4) 
limestone. One thin set of ripple-

Feet 

27.5 

138.5 

71.2 

71.2 



STRATIGRAPHIC SECTIONS- UTAH 225 

Chinle Formation-Continued 
Monitor Butte Member-Continued 

laminated siltstone noted about 8 ft 
above base of unit ............................... . 

15. Sandy siltstone, light greenish gray 
(5GY 8/1) in lower two thirds, 
grayish red (5R 4/2) with irregular 
mottling of moderate yellow (5Y 8/1) 
in top third, weathers light greenish 
gray (5GY 8/1) and pale red (5R 
6/2), sandy (very fine grained); com
mon medium-grained white and dark 
mica; firmly cemented, slightly cal
careous; stratification concealed; 
weathers to form steep frothy slope .... 

14. Siltstone, grayish red purple (5RP 4/2), 
about 20 percent of rock is light 
greenish gray (5GY 8/1) irregular 
spots and mottles; well cemented, 
noncalcareous; stratification con
cealed; weathers to form steep frothy 
slope. Common limestone nodules 
averaging 4 in. in diameter of light
greenish-gray (5GY 8/1) and pale
red-purple (5RP 6/2) aphanitic to 
very coarse grained calcite. Unit 
forms conspicuous band on outcrop .. 

13. Siltstone, grayish red (lOR 4/2), with 
common yellowish-gray (5Y 8/1) 
spots and irregular mottles, weathers 
pale reddish brown (lOR 5/4), com
mon medium-grained dark-green 
mica; stratification concealed; weath-
ers to form steep frothy slope ........... . 

12. Sandstone to sandy siltstone and silt
stone. Sandstone to sandy siltstone, 
very pale green (lOG 8/2), weathers 
same color, very fine grained sand
stone to very fine grained sandy 
siltstone; abundant very fine grained 
dark-green mica; firmly cemented, 
slig·htly calcareous; thinly ripple lami
nated; papery splitting. Siltstone, 
grayish red (lOR 4/2), weathers pale 
red (5R 6/2), abundant very fine 
grained white mica; firmly cemented, 
noncalcareous; splitting concealed. 
Unit as a whole weathers to ledgy 
slope at base of Chinle Formation. 
Basal Chinle in line of section and on 
distant cliffs is marked by light
greenish-gray band. Thickness of 
unit variable along outcrop ................. . 

Total of Monitor Butte Member ... . 

Total of Chinle Formation 

Moenkopi Formation (incomplete) : 
Cliff-forming member: 

11. Siltstone, similar to unit 10 except 33 
percent of unit is ripple laminated 
(mostly parallel ripples); weathers to 
form steep ledgy slope and vertical 
cliff. Basal 35 ft of unit is mostly 
structureless siltstone. Unit grades 

Feet 

46.8 

4.1 

8.1 

37.9 

2.7 

99.6 

309.3 

Moenkopi Formation (incomplete) -Continued 
Cliff-forming member-Continued 

into underlying unit. Abundant gyp
sum nodules. Top 1.5 ft of unit con
tains abundant pale-red-purple ( 5RP 
6/2) and light-greenish-gray mottling 

Total of cliff-forming member ....... . 

Upper slope-forming member: 
' 10. Siltstone, grayish red (lOR 4/2), weath

ers pale reddish brown (lOR 5/4), 
abundant very fine grained white 
mica; firmly to well cemented, non
calcareous; thinly horizontally lami
nated to structureless, 10 percent 
ripple laminated (parallel and sparse 
cuspate ripples) ; papery to slabby 
splitting; weathers to form steep 
slope. About 5 percent of unit con
sists of very thin to thick beds of 
light-greenish-g1·ay (5GY 8/1) silt
stone. Unit contains abundant gyp
sum in seams cutting across bedding 
and as irregular nodules elongated 
along bedding planes ........................... . 

Total of upper slope-forming mem-
ber ................................................... . 

Total of incomplete Moenkopi For-
mation ............................................. . 

Base of section; not base of exposure. 

Units 1-9 described in Stewart, Poole, and Wilson 
(1972). 

U-7. STRAIGHT WASH 

Feet 

114.0 

114.0 

161.7 

161.7 

275.7 

Measured along south side of Straight Wash and up cliff on 
east side of San Rafael Swell, sec. 29, T. 23 S., R. 13 E., 
SLM, E'nwry County 

[Measured by J. H. Stewart and A. C. Gorveatt, July 1953] 

Top of section; not top of exposure. Feet 

Wingate Sandstone (incomplete) : 
43. Silty sandstone, pale reddish brown 

(lOR 5/4), weathering same color, 
very fine grained with subordinate 
silt, fair sorted; composed of sub
rounded clear quartz and uncommon 
black accessory mineral; firmly ce
mented, calcareous; horizontally lam
inated. Laminae are wavy, but appar
ently not ripple laminated. Weathers 
to form largest reentrant in Wingate 
Sandstone ................................................ 3.6 

42. Sandstone, very pale orange (lOYR 
8/2), pale yellowish orange (lOYR 
8/6), grayish orange pink (5YR 7/2), 
and subordinate grayish orange 
(lOYR 7/4), moderate orange pink 
(5YR 8/4), and pale red (lOR 6/2), 
weathering very pale orange (lOYR 
8/2), fine to medium grained, well 
sorted; composed of subrounded to 
rounded clear quartz and uncommon 
black accessory mineral ; poorly ce
mented, slightly calcareous; composed 
of thin to very thick trough sets of 



226 CHINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION 

Wingate Sandstone (incomplete) -Continued 
medium- and large-scale (subordinate 
small-scale) cross-laminae; massive 
splitting; weathers to form vertical 
cliff. Basal 49.0 ft of unit contains 
sparse well-rounded medium to coarse 
froste'd quartz grains. Medium to 
coarse grains generally concentrated 
along set boundaries. Basal 10.5 ft 
of unit contains some horizontally 
laminated parts and some small-scale 
deformed bedding ................................. . 

Total of incomplete Wingate Sand-
stone ............................................... . 

Top unit of Chinle Formation measured at point S. 
80° E. of place where Straight Wash crosses Coco
nino-Kaibab contact. 

Chinle Formation: 
Church Rock Member: 

41. Silty sandstone, similar to unit 33 ex
cept is horizontally laminated with 
possibly some very low angle cross-
laminae ................................................... . 

40. Sandy siltstone, similar to unit 34, very 
poorly exposed, weathers to form 
slope ....................................................... . 

39. Silty sandstone, similar to unit 35 ex
cept is ripple laminated and contains 
one thin trough set of large-scale low
angle cross-laminae. Unit weathers to 
form small ledge ................................... . 

38. Very poorly exposed, sparse exposures 
suggest that this unit is sandy silt
stone similar to that in unit 34. Unit 
weathers to form slope ......................... . 

37. Silty sandstone, similar to unit 35 ex
cept contains subordinate thin trough 
to planar sets of low-angle cross
laminae. Unit weathers to form con-
spicuous ledge ....................................... . 

36. Sandy siltstone, similar to unit 34 ....... . 
35. Silty sandstone, pale red (lOR 6/2) and 

pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4), 
very fine grained with subordinate 
silt; firmly cemented, calcareous; 
composed of horizontal and ripple 
laminae; weathers to form ledge. 
Unit contains sparse light-greenish
gray (5GY 8/1) irregular mottles .... 

34. Sandy siltstone, pale reddish brown 
(lOR 5/4), weathering same color, 
sandy (very fine grained), uncommon 
fine-grained accessory white mica, 
firmly cemented, calcareous; com
posed of horizontal and ripple lami
nae; weathers to form slope; unit 
poorly exposed ....................................... . 

So-called Black Ledge : 
NOTE.- Correlation of units 32 and 33 with 

the so-called Black Ledge elsewhere in the 
San Rafael Swell is tentative. 

33. Sandstone, light gray (N 7) and pale 
yellowish brown (lOYR 7/2), weath-

Feet 

154.0 

157.6 

6.2 

5.0 

9.0 

13.8 

29.0 
6.3 

6.3 

6.2 

Chinle Formation-Continued 
Church Rock Member-Continued 

So-called Black Ledge-Continued 
ering pale yellowish brown (lOYR 
6/2), very fine grained, abundant 
inters ti ti al green clay; abundarit 
coarse-grained accessory white mica 
and common coarse-grained accessory 
dark mica, well cemented, highly cal
careous; composed of horizontal lam
inae; possibly some of the horizontal 
laminae may be large-scale very low 
angle cross-laminae; platy to flaggy 
splitting; weathers to form conspicu
ous dark-colored ledge above thick 
light-colored sandstone of unit 32 ..... . 

32. Sandstone, light greenish gray (5GY 
8/1) from 0.0 to 47.0 ft and pale red 
(5R 6/2) from 47.0 to top of unit, 
weathering yellowish gray (5Y 8/1) 
in lower 47.0 ft and pale red (lOR 
6/2) in rest of unit, fine grained, 
well sorted; composed of subangular 
clear quartz and milky mineral, sub
ordinate medium grains of green clay 
and uncommon black accessory min
eral; uncommon coarse-grained white 
and black accessory mica; firmly ce
mented, calcareous; composed of thin 
trough and minor planar sets of 
small- to medium-scale mostly low
angle cross-laminae; platy splitting; 
weathers to form steep ledgy slope or 
vertical cliff. Basal 0.4 ft is a con
glomerate composed of rounded peb
bles of siltstone. Pebbles reach 
maximum size of about 2 in. Thin 
set of conglomerate also occurs at 
29 ft above base of unit. Cobbles in 
this conglomerate have a maximum 
diameter of 5 in., and pebbles and 
cobbles are composed of siltstone. Top 
4.0 ft of unit composed of reddish 
siltstone along line of section; away 
from line of section this siltstone is 
not present ............................................. . 

Total of so-called Black Ledge ....... . 

31. Limestone, moderate yellowish brown 
(lOYR 5/4) and medium light gray 
(N 6), weathering grayish orange 
(lOYR 7/4), aphanitic with common 
coarse to very coarse calcite crystals, 
well cemented; possibly some hori
zontal stratification; weathers to form 
small ledge ............................................. . 

30. Siltstone, grayish red purple (5RP 
4/2), grayish red (lOR 4/2), and 
subordinate greenish gray (5GY 
6/1) and dusky yellow (5Y 6/4); 
firmly cemented, calcareous; some 
suggestion of horizontal stratification 
planes; weathers to form steep slope. 
About 20 percent of unit consists of 

Feet 

12.0 

64.2 

76.2 

2.6 
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Chinle Formation-Continued 
Church Rock Member-Continued 

light-greenish-gray (5G 8/1), dusky
yellow (5Y 6/4), and pale-red (lOR 
6/2) limestone nodules. Limestone 
nodules are irregularly spherical or 
cylindrical. Nodules average about 
2 to 3 in. in diameter ------------------------

29. Siltstone, pale red (lOR 6/2) and 
grayish red (lOR 4/2), weathering 
grayish red (lOR 4/2), sandy (very 
fine grained) in parts; abundant me
dium-g-rained accessory white mica; 
firmly cemented, calcareous; strati
fication and splitting concealed; 
weathers to form slope. Unit con
tains sparse thin sets of very fine 
grained ripple-laminated sandstone, 
identical in color with the rest of the 
unit. Basal 14.2 ft poorly exposed 
but contains dominant greenish-gray 
( 5G 6/1) siltstone. Basal 4.0 ft of 
unit to north of line of section com
posed of light-greenish-gray (5GY 
8/1) ripple-laminated siltstone. About 
200 ft to north of line of section, 
these greenish rocks in the lower 14.2 
ft of unit appear to have changed to 
reddish siltstone similar to that in 
the rest of the unit -----------------------·----

28. Sandstone, light gray (N 7) to light 
greenish gray (5G 8/1), weathering 
yellowish gray (5Y 8/1), fine to 
coarse grained; well sorted; composed 
of angular to subangular milky 
quartz and possibly some other milky 
mineral, sparse (5 percent) grains of 
green clay and interstitial green clay, 
sparse accessory black mineral; sparse 
very coarse grains to pebbles of gray 
limestone; firmly cemented, calcare
ous; composed of planar thin sets of 
small-scale cross-laminae; weathers 
to form ledge at base of dip slope .... 

27. Conglomerate to conglomeratic sand
stone, medium light gray (N 6) 
with some spots of grayish-orange 
(lOYR 7/4), weathering moderate 
yellowish gray (lOYR 5/4); composed 
of well-rounded very coarse grains 
to pebbles of gray limestone in a 
lime and sand matrix. Limestone 
grains to pebbles constitute about 60 
percent of the rock. Sand matrix 
constitutes about 30 percent of the 
rock, and lime about 10 percent. Sand 
matrix composed of medium to very 
coarse grains of subangular to 
rounded clear quartz. Rock is well 
cemented and is impervious. Unit is 
composed of very thin horizontal beds 
and thin planar sets of small-scale 
cross-laminae, is fiaggy splitting, and 
weathers to form a bench. Units 24 

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

through 27 form conspicuous bench 
on top of Moss Back sandstone. 
This unit grades into overlying unit .. 

26. Silty claystone to clayey sandstone, 
similar to unit 24. Poorly exposed ..... . 

16.1 25. Sandstone, yellowish gray (5Y 8/1), 
light greenish gray (5GY 8/1) and 
medium light gray (N 6), weather
ing pale yellowish brown (lOYR 7/2), 
fine to medium grained, well sorted; 
composed of subangular milky min
erals and abundant black accessory 
minerals, sparse green interstitial 
clay; poorly to well cemented, cal
careous; composed of thin trough 
sets of small- to medium-scale low
angle cross-laminae; weathers to form 
benches on a dip slope. Lower 3.7 ft 
of unit contains sparse conglomeratic 
sandstone. Conglomeratic sandstone 
consists of light-brown-weathering 
limestone granules to cobbles in a 
fine- to coarse-grained sand matrix . 
Matrix is well cemented with lime. 
One cobble has a diameter of 31h in. 

24. Silty claystone to clayey sandstone, 
light greenish gray (5G 8/1) and 

37.3 greenish gray (5GY 6/1), weathering 
same colors, claystone containing sub
ordinate silt to very fine grained sand
stone with subordinate clay; uncom
mon fine-grained accessory white mica, 
poorly cemented, noncalcareous; 
stratification concealed; weathers to 
form slope; unit poorly exposed ....... . 

Total of Church Rock Member ....... . 

Moss Back Member: 
NOTE.- Units 15-20 are provisionally 

assigned to the Moss Back Member, but 
they may be Monitor Butte Member. 

11.4 23. Sandstone, poorly exposed but where 
seen it is similar to sandstone of 
unit 21 ----------------------------------------------------

22. Sandstone, pale yellowish brown (lOYR 
6/2), weathers same color, medium 
to coarse grained, well sorted; com
posed of subangular to subrounded 
clear quartz and sparse gray acces
sory mineral; poorly cemented, highly 
calcareous; composed of thick planar 
sets of medium-scale cross-laminae; 
fiaggy splitting; weathers to form 
small ledge back from vertical cliff 
of underlying unit. Unit contains 
sparse granules and pebbles as large 
as lh in. in maximum diameter ......... . 

21. Sandstone, light olive gray (5Y 6/1), 
yellowish gray (5Y 8/1) and light 
gray (N 7), weathers yellowish gray 
(5Y 8/1), fine to medium grained, 
well sorted; composed of subrounded 
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Feet 

5.1 

8.3 

10.0 

3.1 

251.9 

4.7 

7.0 
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Chinle Formation-Continued 
Moss Back Member-Continued 

to rounded clear quartz, sparse acces
sory fine-grained white mica, poorly 
to firmly cemented, calcareous; com
posed of thick planar and subordinate 
trough sets of low-angle medium-scale 
cross-laminae, possibly some horizon
tal laminae; weathers to form most 
conspicuous cliff in Chinle Formation. 
Unit contains a varying proportion 
(probably fr'om a few percent to as 
much as 20 percent) of conglomeratic 
sandstone. Conglomeratic sandstone 
is generally fine to very coarse grained 
and contains minor amounts of 
granules and pebbles. The granules 
and pebbles are composed of gray 
quartzite, quartz, and limestone and 
to a lesser extent of light-brown lime
stone and white quartz. Granules and 
pebbles are in a matrix of subangular 
to subrounded clear quartz grains. 
Conglomeratic sandstone generally 
occurs in lower 10 ft of unit, but also 
occurs rarely as thin sets in rest of 
unit. Pebbles reach maximum diam
eter of 2 in.; all gradations are found 
from conglomeratic sandstone to 
sandstone ------------------------------------------------

20. Siltstone, greenish gray (5GY 6/1) and 
pale olive (lOY 6/2), weathering 
light greenish gray (5GY 8/1), firmly 
cemented, noncalcareous; possibly 
some horizontal bedding; one example 
of deformed bedding seen about 100 
ft southwest of line of section. De
formed bedding consists of siltstone 
and sandstone dipping at high angle 
to regional dip. About 10 ft of beds 
is deformed. Unit· contains one thin 
set of very fine grained ripple-lami
nated sandstone about 5.0 ft above 
base of unit. This sandstone is simi-
lar to that in the deformed beds _______ _ 

19. Sandstone, yellowish gray (5Y 8/1), 
very light gray (N 8), and pale yel
lowish brown (10YR 6/2), weather
ing pale yellowish brown (10YR 6/2), 
very fine grained, well sorted; com
posed of subangular to subrounded 
clear and milky quartz and uncom
mon black accessory mineral; abun
dant limonite spots; well cemented, 
highly calcareous, intergranular 
spaces are completely filled with cal
cite ( ?) ; composed of thin trough sets 
of small- to medium-scale low-angle 
cross-laminae; weathers to form small 
ledge. Abundant limonite ·spots ___________ _ 

18. Very poorly exposed. Partial outcrops 
indicate that most of unit is siltstone. 
Siltstone, greenish gray (5GY 6/1), 
weathering light greenish gray (5GY 

Feet Chinle Formation-Continued 
Moss Back Member-Continued 

8/1), firmly cemented, calcareous; 
stratification concealed; paper split
ting. Partial exposure in middle of 
unit reveals a thin set of very fine 
grained micaceous ripple-laminated 
sandstone ------------------------------------------------

17. Sandstone, very light gray (N 8) with 
abundant light-brown (5YR 5/6) 
spots, weathers pale yellowish brown 
(10YR 6/2), fine grained; well sorted, 
composed of subrounded clear quartz 
and sparse black accessory mineral; 
abundant light-brown limonite spots; 
well cemented, highly calcareous, in
tergranular spaces completely filled 
with calcite ( ?) ; composed of thin 
trough sets of small- to medium-scale 
cross-laminae; weathers as part of 
prominent ledge contiguous with unit 
below --------------------------------------------------------

16. Sandstone, light greenish gray (5GY 
8/1), yellowish gray (5Y 8/1), and 
white (N 9), weathers brown gray 
(5YR 4/1), medium grained, except 
contains about 10 percent scattered 
coarse to very coarse grains, and less 
than 1 percent granules, fair sorted; 

41.7 composed of subangular to subrounded 
clear quartz; abundant limonite spots; 
well cemented, highly calcareous, all 
intergranular spaces filled with cal
cite ( ?) ; composed of thin trough sets 
of low-angle medium-scale cross-lami
nae; weathers to form conspicuous 
ledge at base of Chinle ......................... . 

15. Siltstone to sandstone, grayish yel
low (5Y 8/4) and dark yellowish 
orange (lOYR 6/6), weathers same 
colors; color probably from abundant 
limonite; siltstone to coarse-grained 
sandstone with minor silt, medium to 
coarse sand grains are subangular to 

14.2 subrounded clear quartz and abun
dant gray accessory mineral; firmly 
cemented, probably with limonite bind
ing; stratification concealed; weath-
ers to form slight reentrant.. ............. . 

Total of Moss Back Member ........... . 

Total of Chinle Formation .............. .. 

Moenkopi Formation (incomplete): 
Upper slope-forming member: 

14. Siltstone, yellowish gray (5Y 7/2) and 
grayish yellow (5Y 7/4), weathers 
grayish yellow ( 5Y 7 I 4), firmly to well 
cemented, calcareous; horizontally and 
ripple laminated; weathers to form 

13.3 overhanging ledge below vertical cliff 
of Moss Back Member. Basal 0.5 ft 
of unit is composed of dark-yellowish
orange (10YR 6/6) and light-brown 
(5YR 5/6) powdery siltstone mixed 

Feet 

7.2 

9.1 

9.3 

2.6 

109.1 

361.0 
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Moenkopi Formation (incomplete)-Continued 
Upper slope-forming member-Continued 

with siltstone similar to that in rest of 
unit. Unit contains 2 percent cubes 
and spheres of limonite ( ?) pseudo-
morphic after pyrite ............................. . 

13. Siltstone, pale olive (lOY 6/2), grayish 
yellow (5Y 7/4), and light olive gray 
(5Y 6/1), weathers pale yellowish or
ange (lOYR 8/6), sparse very fine 
grained accessory white mica; firmly 
cemented, noncalcareous; stratifica
tion mostly concealed; 5 percent thin 
to thick ripple-laminated sets; weath
ers to form steep slope. Unit does not 
contain conspicuous resistant ledges 
that characterize unit below, and it 
weathers a more yellowish color than 
unit below. Unit contains 2 percent 
brownish cubes and spherical masses 
of limonite ( ?) pseudomorphic after 
pyrite. Top few feet of unit is light 
greenish gray (5G 8/1) and contains 
2 percent small pyrite crystals ........... . 

Total of upper slope-forming mem-
ber ................................................... . 

Total of incomplete Moenkopi For-

Feet 

10.7 

115.8 

126.5 

n1ation .............................................. 126.5 

Base of section; not base of exposure. 

Units 1-12 described in Stewart, Poole, and Wilson 
(1972). 

U-8. TEMPLE MOUNTAIN 
Measu?"ed up ?W?·theast corne1· of north Temple Mountain on 

the east side of the San Rafael Swell, long 110° 1,.0'85" W., 
lat 88° 41'20" N., E?nery County 

[Measured by J. H. Stewart and C. H. Scott, July 1953] 

Top of section; not top of exposure. Top of section Feet 

N. 67° W. of conspicuous group of mines. 
Wingate Sandstone: 

20. Sandstone, grayish orange (lOYR 7/4) 
in bottom 5 ft and medium light gray 
(N 6) above basal 5 ft, weathering 
same colors, fine grained, well sorted; 
composed of subround clear quartz 
and sparse black accessory minerals; 
composed of very thick trough sets of 
high-angle large- to medium-scale 
cross-laminae; massive splitting; 
weathers to form steep slope or cliff. 
Bottom 1 in. contains abundant well
rounded frosted quartz grains. Me
dium-light-gray color due to vanadium 
minerals impregnating the sandstone. 
Bottom 1 ft of Wingate appears hori
zontally laminated. Only basal 20 ft 
of unit examined .............................. Unmeasured 

Contact between Chinle and Wingate placed at tex
ture change from the very fine grained sandstone 
of the Chinle to the fine-grained sandstone of the 
Wingate. Bottom 1 in. of the Wingate contains 
abundant well-rounded medium to coarse frosted 
quartz grains. 

Chinle Formation: 
Church Rock Member: 

19. Sandstone, grayish orange (lOYR 7/4), 
weathering same color, very fine 
grained, well sorted; well cemented, 
slightly calcareous; stratification 
poorly exposed but probably domi
nantly ripple laminated, sparse thin 
sets of medium-scale low-angle cross
laminae; massive splitting; weathers 
to form ledge ......................................... . 

18. Siltstone, light greenish gray (5G 8/1), 
grayish orange (5YR 7/4), and sub
ordinate dark yellowish orange (lOYR 
6/6), weathering light greenish gray 
(5G 8/1); poorly cemented, noncal
careous; some suggestion of hori
zontal bedding planes; splitting 
concealed; weathers to form slope. 
Unit is poorly exposed ......................... . 

17. Clayey siltstone, grayish red (lOR 4/2), 
weathering same color; firmly ce
mented, noncalcareous; stratification 
concealed; weathers to form slope ..... . 

16. Sandstone, light greenish gray (5GY 
8/1) and subordinate light olive gray 
(5Y 6/1) and medium gray (N 6), 
weathering light greenish gray (5GY 
8/1) , very fine grained, well sorted; 
well cemented, highly calcareous; rip
ple laminated; slab by to massive 
splitting; weathers to form light-col
ored ledge. Unit appears to contain 
vanadium minerals. The color of unit 
is probably the result of bleaching 
associated with the vanadium miner-
alization ................................................. . 

15. Sandstone, grayish red purple (5RP 
4/2), pale red purple (5RP 6/2), 
light greenish gray (5GY 8/1), and 
subordinate pale reddish brown (lOR 
5/4), purple and red colors constitute 
about 70 percent of unit, weathering 
pale red purple (5RP 6/2) and light 
greenish gray (5GY 8/1), very fine 
grained, well sorted; uncommon me
dium-grained accessory white mica; 
firmly to well cemented, calcareous; 
ripple laminated in lower 15 ft and 
upper 10 ft, rest of unit composed of 
thin trough sets of low-angle medium
scale cross-laminae; platy splitting; 
weathers to form vertical cliff or 
steep ledgy slope. Upper 3 ft of unit 
is siltstone ............................................. . 

14. Silty claystone, grayish red purple 
(5RP 4/2), weathering same color; 
firmly cemented, slightly calcareous; 
stratification and splitting concealed. 
Top 6 in. is greenish gray (5GY 6/1). 
Unit weathers to form slope ............... . 

13. San~y siltstone to sandstone, pale red 
(lOR 6/2), pale reddish brown (lOR 
5/4) , and sparse pale yellowish brown 
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Feet 

19.4 

6.8 

6.6 

12.8 

69.0 

3.9 
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Chinle Formation-Continued 
Church Rock Member-Continued 

(10YR 6/2), weathering pale red 
(lOR 6/2); common medium-grained 
accessory white mica; well cemented, 
calcareous; ripple laminated; platy 
splitting, weathers to\form slope ....... . 

12. Siltstone to sandstone, pale reddish 
brown (lOR 5/4), weathering same 
color, very fine grained sandstone in 
lower half grading to siltstone in up
per half; common accessory white 
mica; well cemented, highly calcare
ous; ripple laminated, subordinate 
thin trough sets of medium-scale low
angle cross-laminae in lower half of 
unit; platy splitting; weathers to form 
prominent ledge. This unit forms the 
second most prominent ledge in 
Church Rock Member on the cliffs to 
the east of the line of section ............... . 

11. Siltstone, grayish red (lOR 4/2) and 
grayish red purple ( 5RP 4/2), weath
ering same colors; well cemented, 
highly calcareous; where exposed, 
unit is structureless; weathers to 
form steep slope ..................................... . 

So-called Black Ledge: 
10. Sandstone (80 percent) and siltstone 

(20 percent). Sandstone, pale olive 
(lOY 6/2), yellowish gray (5Y 7 /2), 
and subordinate light gray (N 7), 
weathering light olive gray (5Y 6/1) 
and pale olive (lOY 6/2), fine grained, 
fair sorted; composed of subangular 
milky quartz and uncommon (10 per
cent) gray mineral, sparse coarse
grained accessory white mica; well 
cemented; highly calcareous, grains 
tightly cemented together leaving no 
open spaces, rock commonly breaks 
across grains; composed of thin 
trough and minor planar sets of 
small- to medium-scale cross-laminae 
and of horizontal and ripple laminae; 
platy to slabby splitting. About 10 
percent of sandstone is conglomeratic 
and contains granules and pebbles of 
unidentified gray rock and of gray 
and brown siltstone and limestone. 
Conglomeratic parts mostly in bottom 
half of unit; common carbonaceous 
material. Siltstone, grayish green 
(5GY 6/1), pale olive (5Y 6/2), and 
minor grayish red (lOR 4/2), weath
ering same colors; some scattered 
very fine grains in siltstone in places; 
uncommon medium-grained accessory 
white mica; firmly cemented, calcare
ous; horizontally thinly laminated to 
very thin bedded; papery to flaggy 
splitting. Siltstone is present as thin 
to thick sets interbedded with sand
stone. Siltstone contains common car-

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

So-called Black Ledge-Continued 
bonaceous material. Unit forms most 
prominent sandstone in the Church 
Rock Member on the cliffs to the east 

12.1 of the iine of section. Unit as a whole 
tabular but varies in thickness; weath
ers to form vertical cliff. Thickness 
of unit along line of section extreme 
for local area ......................................... . 

Total of so-called Black Ledge ....... . 

9. Limy siltstone, grayish purple (5P 4/2), 
grayish red purple (5RP 4/2) and 
pale red purple (5RP 6/2), subordi
nate greenish gray (5GY 6/1) and 
light greenish gray (5GY 8/1), sparse 
pale reddish brown (lOR 5/4), weath
ering same colors; well cemented, 

12.8 calcareous; stratification poorly de
veloped, common horizontal bedding 
planes; massive splitting; weathers 
to form steep slope. About half of 
upper half of unit contains about 40 
percent limestone nodules which are 

22.4 generally about 2 in. in diameter. 
Base of unit is characterized by com
mon grayish-yellow (5GY 7/2) bands 

8. Siltstone, pale reddish brown (lOR 5/4), 
subordinate grayish red (lOR 4/2), 
sparse medium light gray (N 6), 
weathering pale reddish brown (lOR 
5/4); common fine-grained accessory 
white mica; firmly cemented, calcare
ous; stratification poorly exposed but 
probably mostly ripple laminated or 
horizontally laminated; splitting con
cealed; weathers to. form steep loose 
slope. Thin set of pale olive (lOY 
6/2) ripple-laminated siltstone is 
present about 8 ft above base of unit 

Total of Church Rock Member ....... . 

Moss Back Member: 
7. Sandstone, greenish gray (5GY 6/1) 

and light greenish gray (5GY 8/1), 
weathering same colors and pale red
dish brown (lOR 5/4), very fine to 
fine grained, well sorted; composed of 
subangular to subround milky and 
clear quartz, and abundant medium
grained accessory white mica; firmly 
cemented, calcareous; composed of 
horizontal laminae and subordinate 
thin trough sets of small-scale low
angle cross-laminae; papery to platy 
splitting; weathers to form vertical 
cliff contiguous with unit below. Unit 
may be discontinuous along exposure 

. and. may not properly belong in the 
Moss Back Member. In local area, the 
Moss Back Member has apparently 
been bleached to gray. Possibly the 

Feet 

34.7 

34.7 

36.8 

31.0 

256.3 

-, 
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Chinle Formation-Continued 
Moss Back Member-Continued 

Moss Back Member is petroliferous 
and the bleaching is related to the 
presence of petroleum ........................... . 

6. Sandstone and conglomeratic sandstone. 
Sandstone, light gray (N 7) to me
dium light gray (N 6)? subordinate 
very light gray (N 8), weathering 
very light gray (N 8) and pale red
dish brown (lOR 5/4), fine to me
dium grained with sparse coarse 
grains, well sorted; composed of sub
round clear quartz and sparse gray 
accessory minerals; poorly to firmly 
cemented, calcareous in parts; com
posed of thin trough and uncommon 
planar sets of low-angle small- to me
dium-scale cross-laminae; platy to 
massive splitting. Conglomeratic sand
stone, similar to sandstone except 
contains about 10 percent granules 
and pebbles of rounded white and 
gray quartzite and, to a lesser extent, 
of quartz. Conglomeratic sandstone 
confined to lower 10 ft. Unit as whole 
tabular and weathers to form verti
cal cliff. Ore deposits in Temple 
Mountain area are in lower part of 
unit. One mine is about 200 ft to 
south of line of section and about 
15 ft above base of unit. Unit con
tains sparse ( <1 percent) carbona
ceous material and abundant limonite 
spots and stains ..................................... . 

Total of Moss Back Member ........... . 

Temple Mountain Member: 
5. Clay siltstone, greenish gray (5GY 6/1) 

and medium light gray (N 6), sub
ordinate dark yellowish orange (lOYR 
6/6), weathering same colors; firmly 
cemented, noncalcareous; structure
less; fractures into granule-sized an
gular fragments; weathers to form 
steep slope. Unit is poorly exposed. 
Unit grades into underlying unit. 
Contact with overlying unit is cov-
ered ......................................................... . 

4. Siltstone, grayish purple (5P 4/2), light 
greenish gray (5GY 8/1), subordi
nate pale red purple (5RP 6/2), 
weathering same colors; well ce
mented, noncalcareous; structureless; 
massive splitting, fractures into an
gular fragments; weathers to form 
steep slope or vertical cliff. Unit ap
pears to be highly fractured. Un
common black metallic coatings, 
probably of iron mineral.. ................... . 

3. Sandstone, pale red purple (5RP 6/2), 
grayish red (lOR 4/2), pale red (lOR 
6/2), and light greenish gray (5GY 
8/1), weathering pale red (lOR 6/2), 

Feet Chinle Formation-Continued 
Temple Mountain Member-Continued 

very fine to fine grained, fair sorted; 
composition undeterminable; firmly 

22.3 cemented, noncalcareous; composed of 
thin horizontal laminae, of very thin 
to thin sets of small- to medium-scale 
cross-laminae and of uncommon sets 
of contorted stratification; papery to 
fiaggy splitting; weathers to form 

71.6 

93.9 

small ledge. Grades into underlying 
and overlying units ............................... . 

2. Clayey sandstone, white (N 9), grayish 
pink (5R 8/2), and light brown (5YR 
5/6), weathering light brown (5YR 
6/4), coarse to very coarse grained, 
poorly sorted; composed of subangu-
lar to subround milky and clear 
quartz and 5 percent orange and gray 
minerals; interstices filled with white 
clay, clay constitutes about 20 percent 
of rock; poorly cemented clay bind-
ing; composed of thin to thick sets of 
small- to medium-scale cross-laminae; 
massive to platy splitting; weathers 
to form small ledge. Unit contains 
rare (1 percent) granules and peb-
bles of quartz and siltstone. Unit 
grades into overlying unit; contains 
abundant irregular mottles of limo-
nite ......................................................... . 

Total of Temple Mountain Member 

Total of Chinle Formation ............... . 

Moenkopi Formation (incomplete) : 
1. Siltstone, grayish red (lOR 4/2) ; mica

ceous; firmly cemented, slightly cal
careous; horizontally and ripple 

Feet 

3.6 

4.0 

'34.1 

384.3 

laminated; weathers to form slope.... 4.0 

8.9 

17.6 

Total of incomplete Moenkopi For-
mation.............................................. 4.0 

Base of section; base of exposure. Base of section 
about 200 ft to northwest of small mine. 

U-9. BUCKACRF. POINT 
Measured on side of canyon from % to 1 mile. northeast of 

junction of Poison Springs Box Canyon with Dirty Devil 
River, lat 38°6' N., long 110°24' W., Garfield County 

[Measured by J. H. Stewart, June 1953] 

Top of section; top of accessible exposure. 
Wingate Sandstone: 

27. Sandstone, basal 3 ft yellowish gray 
(5Y 8/1), rest of unit light brown 
(5YR 6/4), weathering light brown 
(5YR 6/4), very fine to fin~ grained, 
well sorted; composed of subrounded 
clear and amber quartz and abundant 
black accessory mineral; firmly ce
mented, calcareous; horizontally lam
inated and thinly bedded; lower 9 ft 
has conspicuous slabby splitting; 
weathers to form vertical cliff. Basal 
1 ft of unit contains abundant well
rounded coarse clear quartz grains. 
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Wingate Sandstone-Continued Feet 

Only basal 12 ft of unit exam-
ined .................................................... Unmeasured 

Contact of Wingate and Chinle Formations placed at 
sharp lithologic break between reddish-brown sand
stone and siltstone of the Chinle and the brownish 
sandstone of the Wingate. The basal foot of the 
Wingate is characterized by abundant well-rounded 
coarse grains. The stratification is more regular in 
the Wingate than in the Chinle. 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
26. Sandstone (80 percent) and siltstone 

(20 percent). Sandstone, pale red 
(lOR 6/2), very light gray (N 8), 
pale red purple (5RP 6/2), and mod
erate brown (5YR 4/4), weathering 
pale reddish brown (lOR 5/4), very 
fine grained, sparse fine grained, fair 
sorted; fine-grained parts composed of 
subangular milky quartz and common 
orange, green, and black accessory 
minerals, abundant medium-grained 
white mica; firmly cemented, calcare
ous; thinly horizontally laminated and 
ripple laminated, common thin trough 
sets of low-angle small-scale cross
laminae and sparse thick trough sets 
of medium-scale cross-laminae; platy 
to blocky splitting. Siltstone, pale red
dish brown (lOR 5/4) and pale red 
purple (5RP 6/2), weathering same 
colors; firmly cemented, noncalcare
ous, abundant very fine grained white 
mica; structureless. Siltstone occurs 
as thin to thick lenticular beds inter
stratified with sandstone and also as 
laminae along stratification planes. 
Sandstone contains clay pellets in 
some places. Unit as a whole is tab
ular; weathers to form ledges and 
cliffs at top of Chinle Formation........ 46.2 

Total of Hite Bed.............................. 46.2 

25. Siltstone, similar to unit 23 ................... . 
· 24. Siltstone, similar to unit 22 ................... . 

23. Siltstone, light brown (5YR 6/4) and 
moderate brown (5YR 4/4), weather
ing pale reddish brown (lOR 5/4); 
well cemented, noncalcareous; strati
fication concealed; weathers to form 
slope containing small ledges. Rock 
fractures into angular fragments. 
Common light-greenish-gray (5GY 
8/1) spots. Light-greenish-gray ( 5GY 
8/1) thin band at base ......................... . 

22. Siltstone, grayish red (lOR 4/2 and 5R 
4/2), weathering pale red (lOR 6/2) ; 
firmly cemented, noncalcareous; strat
ification and splitting concealed; 
weathers to form slope ....................... . 

Total of Church Rock Member ....... . 

24.5 
7.6 

12.8 

24.7 

115.8 

Chinle Formation-Continued 
Owl Rock Member: 

21. Siltstone to limestone, pale red (lOR 
6/2), grayish orange pink (5YR 7 /2), 
spots and layers of light greenish 
gray ( 5GY 8/1), weathering same 
colors. Rock grades from siltstone to 
limestone and is well cemented. The 
limestone is aphanitic. Unit varies in 
thickness and is composed of thin 
horizontal laminae, thin ripple lami
nae, and thin trough sets of small
scale cross-laminae; slabby splitting; 
weathers to form prominent ledge. 
Unit contains common thin beds of 
pale-reddish-brown (lOR 5/4) silt
stone interstratified with rest of unit 

20. Limy siltstone, light greenish gray 
(5GY 8/1), pale reddish brown (lOR 
5/4), pale red (lOR 6/2), and light 
olive gray ( 5Y 6/1), weathering dom
inantly light greenish gray (5GY 
8/1); well cemented, highly calcare
ous; stratification mostly concealed, 
some horizontal stratification planes; 
weathers to form steep slope. Sparse 
light-greenish-gray (5GY 8/1) and 
pale-red (lOR 6/2) nodules and thin 
lenticular beds of limestone through
out unit. Concentration of limestone 
beds from 66.9 to 71.7 ft above base 
of unit makes small ledge ................... . 

19. Siltstone and limestone. Siltstone, gray
ish red purple ( 5RP 4/2) in lower 2.5 
ft, pale reddish brown (lOR 5/4), 
pale red (lOR 6/2), and grayish red 
(lOR 4/2) iri rest of unit, weathering 
same colors, minor amounts of very 
fine sand in a few places; firmly ce
mented, calcareous; stratification con
cealed. Limestone, light greenish gray 
(5GY 8/1), weathering same color; 
well cemented, horizontally and rip
ple laminated; platy splitting. Unit 
as a whole is tabular and weathers to 
form small ledge. In combination with 
unit below, forms one of prominent 
ledges in Chinle. Limestone occurs 
from 4.5 to 5.8 ft above base of unit 
and in top 1.0 ft ................................... . 

18. Limestone, light gray (N 7), weather-· 
ing same color, aphanitic; well 
cemented; structureless; slab by split-
ting; weathers to form ledge ............... . 

17. Siltstone, pale red (5R 6/2), abundant 
light-greenish-gray (5GY 8/1) spots, 
weathering pale red (lOR 6/2) and 
light greenish gray (5GY 8/1); well 
cemented, calcareous; stratification 
concealed; weathers to form steep 
slope. Common silty limestone nod
ules. Unit from 69.9 to 75.4 ft above 
base weathers to form two small 
ledges and is commonly light brown 

Feet 

10.3 

80.4 

9.1 

0.8 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

(5YR 6/4). Top 3.2 ft of unit is limy. 
Top 1.5 ft of unit is light greenish 
gray (5GY 8/1) ..................................... . 

16. Limestone granule conglomerate, gray
ish red (lOR 4/2) and greenish gray 
(5GY 6/1), weathering same colors, 
composed of limestone granules and 
minor amounts of very coarse grains 
and pebbles of limestone, pebbles as 
large as 1 in. in diameter, fair sorted; 
firmly cemented, calcareous; poorly 
developed thin horizontal beds; slabby 
splitting; weathers to form ledge. 
Some parts of unit are highly silty .... 

15. Siltstone, pale red (5R 6/2), weather
ing same color and pale red purple 
( 5RP 6/2) ; no swelling clays pres
ent; firmly cemented, calcareous; 
structureless; weathers to form steep 
slope. Limestone nodules form crude 
beds (about 70 percent nodules) from 
15.3 to 17.1 ft and 22.7 to 26.2 ft above 
base of unit and are common in rest 
of top 16 ft of unit. The nodules are 
pale red (5R 6/2) and pale red purple 
(5RP 6/2), aphanitic, and mostly 3 
to 5 in. in maximum diameter. Unit 
forms persistent purplish band in 
Chinle ..................................................... . 

Total of Owl Rock Member ............. . 

Petrified Forest Member: 
14. Silty claystone to clayey sandstone, 

grayish red (5R 4/2), weathering 
same color, grades from silty clay
stone to clayey, very fine grained 
sandstone; .contains swelling clays, 
composition of sandstone is masked; 
firmly cemented, slightly calcareous; 
stratification mostly concealed, some 
ripple-laminated and small-scale 
cross-laminated parts; weathers to 
forn1 slope ............................................. . 

13. Sandstone, light greenish gray ( 5GY 
8/1), light brownish gray (5YR 6/1), 
and light gray (N 7), weathering 
light brownish gray (5YR 6/1), fine 
grained, well sorted; composed of 
subang·ular to subrounded clear quartz 
and abundant orange, green, and gray 
accessory minerals, abundant inter
stitial white material (probably cal
cite) ; firmly cemented, calcareous; 
composed of thin to thick horizontal 
cosets of thin trough sets of small
scale cross-laminae; platy splitting; 
weathers to form prominent brownish 
ledge. Sparse thin sets of silty clay
stone, similar to that in unit 11, occur 
near base of unit.. ................................ .. 

12. Sandstone (90 percent) and silty clay
stone (10 percent). Sandstone, light 

Feet 

83.9 

1.9 

31.3 

217.7 

9.6 

14.6 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

greenish gray ( 5GY 8/1), yellowish 
gray (5Y 8/1), pale red purple 
(5RP 6/2), weathering grayish or
ange (lOYR 7/4), fine grained, some 
medium to coarse grains in a few 
places, well sorted; composed of sub
rounded clear quartz, sparse black 
accessory minerals, and 5 percent 
green, orange, and gray minerals, 
abundant interstitial white calcite ( ?) , 
common limonite spots; firmly ce
mented, calcareous; composed of thin 
planar to trough sets of small- to 
medium-scale cross-laminae; platy to 
slabby splitting. Silty claystone, simi
lar to that in unit 11. Silty claystone 
is in thin sets interstratified with 
sandstone. Scours as much as 1 ft 
deep occur along basal contact of 
unit. Unit as whole weathers to form 
slope containing small ledges. A. way 
from line of section, unit forms slope 
largely covered with talus and may 
consist mostly of silty claystone ........ 

11. Silty claystone, greenish gray (5GY 
6/1), weathering same color; firmly 
cemented, calcareous; swelling clays; 
horizontally and ripple laminated; 
platy splitting in part; weathers to 
form slope ............................................ .. 

Total of Petrified Forest Member .. 

Moss Back Member: 
10. Sandstone, gl'eenish gray (5GY 6/1) 

and yellowish gray (5Y 8/1), weath
ering same colors, medium to coarse 
grained, fair sorted; composed of sub
rounded clear quartz and 10 percent 
orange, gray, and green minerals; 
well cemented, highly calcareous; cal
cite fills interstices between grains; 
composed of thin trough sets of cross
laminae; platy to slab by splitting; 
weathers to form ledge. Scours occur 
along lower contact of unit. Common 
granules and pebbles of limestone and 
siltstone near base. Upper 4 ft of unit 
is similar to unit 8 .... .-.......................... . 

9. Siltstone (60 percent) and sandstone 
( 40 percent). Siltstone, greenish gray 
(5GY 6/1), weathering ~arne color; 
abundant dark-green medium-grained 
mica; poorly cemented, noncalcare
ous; thinly laminated; papery split
ting. Sandstone, similar to unit 8. 
Sandstone occurs as thin sets inter
bedded with siltstone. Content of 
sandstone in unit varies along ex
posure. Unit weathers to form small 
reentrant in prominent ledge ............ .. 

8. Sandstone, light greenish gray (5GY 
8/1) and yellowish gray (5Y 8/1), 
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Feet 

24.6 

4.3 

53.1 

9.9 

8.2 
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Chinle Formation-Continued 
Moss Back Member-Continued 

weathering very pale orange (lOYR 
8/2), medium grained, contains some 
scattered fine and coarse grains, fair 
sorted; composed of subrounded to 
rounded clear quartz and sparse black 
accessory minerals; firmly to well ce
mented, calcareous; composed of thin 
to thick planar to trough sets of 
small- to medium-scale cross-laminae; 
platy to massive splitting; weathers 
together with two overlying units to 
form most prominent ledge in Chinle. 
Conglomeratic sandstone as much as 
2.5 ft thick occurs locally at base and 
contains granules and pebbles as 
large as 1.5 in. in diameter of gray 
quartz and quartzite _____________________________ _ 

Total of Moss Back Member ___________ _ 

Monitor Butte Member: 
7. Siltstone, grayish red purple (5RP 4/2) 

and grayish purple (5P 4/2), weath
ering same colors; firmly cemented, 
noncalcareous; horizontally laminated 
to thin bedded; slab by splitting; 
weathers to form reentrant below 
overlying ledge-forming units. Unit 
contains 5 percent thin sandstone sets 
similar to those in upper part of the 
underlying unit. Upper 0.9 ft of unit 
altered to light greenish gray ( 5G 
8/1) ----------------------------------------------------------

6. Sandstone (50 percent) and claystone 
to siltstone (50 percent). Sandstone, 
dominantly light greenish gray (5GY 
8/1) in lower half and grayish pur
ple (5P 4/2) in upper half, weath
ering same colors, fine to very fine 
grained, fair sorted; composed of sub
angular milky and clear quartz, and 
10 percent orange, gray, and black 
minerals, common medium-grained 
white mica; firmly cemented, slightly 
calcareous in parts; composed of thin 
trough sets of low-angle cross-lami
nae in lower half, horizontally ripple 
laminated in upper half; platy split
ting. Claystone to siltstone, light 
greenish gray ( 5GY 8/1) and light 
gray (N 7), weathering light green
ish gray ( 5GY 8/1) ; firmly cemented, 
noncalcareous; thinly laminated in 
parts; papery splitting in parts. Unit 
as whole tabular and weathers to form 
slope. Lower half of unit similar to 
underlying unit but differentiated on 
the basis of a higher content of clay
stone and siltstone. Sandstone occurs 
as thin sets interstratified with thin 
sets of claystone to siltstone. Content 
of sandstone highly variable along ex-

' posure ------------------------------------------------------

Feet 

15.5 

33.6 

12.9 

29.4 

Chinle Formation-Continued 
Monitor Butte Member-Continued 

5. Sandstone (80 percent) and silty clay
stone (20 percent). Sandstone, light 
greenish gray (5GY 8/1) and yellow
ish gray (5Y 8/1), weathering same 
colors, fine grained, fair sorted; com
posed of milky mineral (quartz?) and 
abundant orange and green accessory 
minerals; composed of thin trough 
sets of low-angle small- to medium
scale cross-laminae; platy splitting. 
Common light-greenish-gray ( 5GY 
8/1) clay pellets. Silty claystone, 
greenish gray (5GY 6/1), weathering 
same color; firmly cemented, noncal
careous; thinly lamina ted in parts; 
papery splitting in parts. Unit as a 
whole can be seen on all local ex
posures but is indistinct on distant 
exposures. Unit weathers to form 
ledge. Silty claystone occurs as thin 
sets interstratified with sandstone ___ _ 

Total of Monitor Butte Member _____ _ 

Mottled strata: 
4. Siltstone, grayish purple (5P 4/2), 

weathering same color, contains 
sparse fine to very coarse well
rounded sand grains; firmly ce
mented, noncalcareous; structureless; 
weathers to form prominent purple 
band in cliff below a prominent sand
stone. Common masses of brownish 
quartz, one of which is about 1.5 ft 
wide and 0.5 ft thick_ __________________________ _ 

3. Siltstone, similar to unit 1 except con
tains prominent greenish-gray (5GY 
6/1) mottling ----------------------------------------

2. Siltstone, greenish gray (5GY 6/1), 
common grayish-red (lOR 4/2) mot
tling, weathering same colors; con
tains a few fine sand grains; firmly 
to well cemented, noncalcareous; 
structureless. Copper staining occurs 
in a few places. Forms fairly promi-
nent green band _____________________________________ _ 

Total of mottled strata ___________________ _ 

Total of Chinle Formation _____________ _ 

Contact of Chinle and Moenkopi placed at lowest 
green bed. This contact is arbitrary, as siltstone 
similar to that of the Moenkopi occurs above. 
However the occurrence of fine sand grains in unit 
2 suggests that this unit is part of the Chinle 
rather than part of the Moenkopi. 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), weath

ering same color, common fine-grained 
white mica; firmly to well cemented, 
noncalcareous; appears structureless 
at top; weathers to steep slope with 
vertical cliff at top. No sand grains 

Feet 

14.1 

56.4 

3.7 

1.1 

3.1 

7.9 

484.5 
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Moenkopi Formation-Continued Feet 

noted in unit. Only top few feet 
examined ------------------------------------------Unmeasured 

Base of section; not base of exposure. 

U-10. HORSE CANYON 

Measu'red in no?·thweste-rn pa-rt of Ci-rcle Cliffs, on p1·omonto1·y 
about 1,..5 miles S. 79° W. from Lampstand, long 111°11,.'10" 
W., lat 87° 57' 1,.5" N., Garfield County 

[Measured by J. H. Stewart and G. A. Williams, August 1952] 

Top of section; not top of outcrop. Feet 

Wingate Sandstone: 
16. Sandstone, ·very pale orange (lOYR 

8/2), weathering pale yellowish 
orange (lOYR 8/6), very fine grained, 
well sorted; composed of rounded clear 
quartz and sparse orange and black 
accessory minerals; firmly cemented, 
slightly calcareous. Unit is tabular 
with large-scale trough sets of cross
laminae. Unit is blocky to massive 
splitting. Unit weathers to form ver
tical cliff. Basal contact is slightly 
irregular. Bottom foot of Wingate is 
siltstone containing granules and 
coarse grains of sandstone, clear 
quartz, and siltstone; lower 3 ft of 
unit contains medium to coarse 
rounded sand grains ----------------------Unmeasured 

Chinle Formation: 
Owl Rock Member: 

15. Siltstone, pale reddish brown (lOR 5/ 4) 
and minor amounts of pale olive 
(lOY 6/2), weathering pale reddish 
brown (lOR 5/4); firmly cemented, 
slightly calcareous; bedding concealed. 
Unit is tabular and weathers to form 
steep loose slope. At 9 ft and 14 ft 
above base of unit are limy siltstone 
(or limestone?) ledges. These ledges 
do not persist laterally________________________ 84.7 

14. Sandstone, pale reddish brown (lOR 
5/ 4) with blotches of light greenish 
gray (5G 8/1), weathering pale red
dish brown (lOR 5/4), fine grained, 
fair sorted; composed of angular clear 
quartz, abundant orange accessory 
minerals; firmly cemented, slightly 
calcareous. Unit is tabular and con
tains small-scale planar sets of cross
laminae; parts are laminated. Rocks 
platy splitting. Unit weathers to form 
inconspicuous ledge________________________________ 10.1 

13. Siltstone, pale reddish brown (lOR 5/4) 
and minor amounts of light greenish 
gray (5G 8/1), weathering pale red
dish brown (lOR 5/4); firmly ce
mented, calcareous and argillaceous; 
bedding concealed; weathers to form 
steep loose slope. At 48.4 ft is a 3-ft
thick limy siltstone bed, and at 55.8 
ft a 2-ft-thick limy siltstone bed; a 
few very thin beds of limy siltstone 

472-202 0 - 72 - 16 

Chinle Formation-Continued 
Owl Rock Member-Continued 

occur elsewhere in unit away from 
line of section ----------------------------------------

Total of Owl Rock Member -----------

Petrified Forest Member: 
12. Silty claystone to siltstone, pale red 

(lOR 6/2 and 5R 6/2), weathering 
same colors, contains swelling clays; 
firmly cemented, calcareous; struc
tureless; weathers to form frothy
surfaced slope. Unit grades upward 
into overlying unit. Top of unit is 
highest occurrence in section of strata 
containing swelling clay _______________________ _ 

So-called Capitol Reef bed: 
11. Sandstone, grayish purple (5P 4/2), 

light greenish gray (5GY 8/1) and 
grayish red (lOR 4/2), weathering 
pale red purple (5RP 6/2) and very 
pale orange (lOYR 8/2), medium
grained, fair sorted; composed of sub
angular clear quartz with abundant 
orange and black accessory minerals; 
poorly cemented, calcareous. Unit is 
tabular and contains small- to medium
scale trough sets of cross-laminae. 
Rock is shaly to slabby splitting. Unit 
weathers to form ledge ---------------------·--

Total of so-called Capitol Reef bed 

10. Siltstone ( 60 percent) to clayey sand
stone ( 40 percent), pale reddish brown 
(lOR 5/4), subordinate gree:nish gray 
(5GY 6/1) in lower part and rarely 
elsewhere, weathering moderate red 
( 5R 5/4) ; grades from siltstone con
taining sparse to abundant medium 
to coarse sand grains to clayey fine
to medium-grained sandstone; com
pqsed of clear quartz and black and 
orange accessory minerals; firmly ce
mented, calcareous; stratification con
cealed; weathers to form steep rubbly 
slope. Unit contains, near base, a very 
thin bed of granule conglomerate. The 
conglomerate also contains sparse 
pebbles --------------------------------·-------------------

9. Sandstone, dusky red (5R 3/4), minor 
amounts of light greenish gray (5GY 
8/1), weathering moderate yellowish 
brown (lOYR 5/4), medium grained, 
fair sorted; composed of subangular 
clear quartz, abundant orange and 
black accessory miner~ls; poorly ce
mented; calcareous. Unit is tabular 
and is composed of large-scale planar 
and trough sets of cross-laminae. Unit 
contains a few ripple laminae. Unit 
weathers to form a steep bare rock 
slope. Unit contains a few very thin 
light greenish gray (5GY 8/1) beds 
between sets of cross laminae ------·-----
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Feet 

69.0 

163.8 

17.4 

39.2 

39.2 

83.4 

12.8 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

8. Silty claystone to clayey siltstone, pale 
reddish brown (lOR 5/4), dusky red 
( 5R 3/4) and grayish red purple 
(5RP 4/2), weathering same colors; 
firmly cemented, argillaceous; strati
fication concealed; weathers to form 
steep frothy slope. Unit forms red 
band on exposure ----------------------------------

7. Sandy siltstone, light greenish gray 
(5GY 8/1) and pale red (lOR 6/2), 
colors mottled in part, weathering 
same colors, sandy, very fine grained; 
abundant very fine grained accessory 
white mica; firmly to well cemented, 
calcareous cement and clay binding; 
stratification mostly concealed, a few 
horizontal laminae and ripple laminae 
are present; weathers to form very 
steep slope. To north of line of sec
tion unit forms ledge --------------------------

Total of Petrified Forest Member .... 

Monitor Butte Member: 
6. Claystone, predominantly greenish gray 

(5GY 6/1), minor amounts of brown
ish gray (5YR 4/1) and dark reddish 
brown (lOR 3/4), variegated, greater 
amount dark reddish brown (lOR 
3/4) near top, weathers light green
ish gray (5G 8/1); firmly cemented, 
calcareous and argillaceous. Unit 
contains a few beds of siltstone, sand
stone, and limestone pebble conglom
erate which extend for only short 
distances along the outcrop. These 
beds are grayish red (lOR 4/2), very 
dusky red purple (5RP 2/2), and 
pale green ( 5G 7/2). Siltstone and 
sandstone are highly micaceous, cur
rent ripple laminated, and shaly to 
slabby splitting. These beds are dis
tributed irregularly throughout unit 
and have no consistent strike or dip; 
the dips ranging from horizontal to 
vertical. Entire unit weathers to form 
steep frothy slope containing small 
ledges ------------------------------------------------------

5. Siltstone and sandstone interbedded, 
pale reddish brown (lOR 5/4) and 
very pale green (lOG 8/2), weather
ing pale reddish brown (lOR 5/4). 
Sandstone, very fine grained; com
posed of clear quartz and common 
mica flakes; abundant limonite spots. 
Unit is firmly cemented, calcareous. 
Bedding is mostly concealed, but ledges 
contain current ripple laminae. Rock 
is shaly to blocky splitting. Unit 
weathers to form steep rubbly slope 

4. Claystone and siltstone, light bluish 
gray (5B 7/1) and medium bluish 
gray ( 5B 5/1), bottom 5 ft is pale 

Feet 

43.6 

21.4 

217.8 

115.8 

32.4 

Chinle Formation-Continued 
Monitor Butte Member-Continued 

yellowish orange (lOYR 8/6), weath
ers light bluish gray ( 5B 7/1) ; com
mon mica flakes; firmly cement¢d, 
calcareous and argillaceous. Unit is 
lenticular. Bedding in claystone is 
concealed. Siltstone forms lenticular 
beds as much as 4 ft thick scattered 
throughout the unit. Siltstone is cur
rent ripple laminated. Beds of silt
stone commonly dip at gentle angles 
to regional dip. Siltstone is shaly to 
blocky splitting. Entire unit weathers 
to a steep frothy and rubbly slope. 
The sandstone of the Shinarump 
Member develops laterally within the 
stratigraphic position of this unit ..... . 

Total of Monitor Butte Member ..... . 

Mottled strata: 
3. Siltstone, grayish red (lOR 4/2), weath

ering same color; abundant fine
grained accessory white mica; firmly 
to well cemented, slightly calcareous 
in places; composed of very thin to 
thin sets of ripple laminated sandy 
siltstone separating very thin to thin 
horizontal beds of siltstone; weathers 
to form small ledge. Unit is very 
similar to siltstone in Moenkopi For-
mation ----------------------------------------------------

2. Siltstone, pale red purple (5RP 6/2), 
grayish red purple (5RP 4/2), dark 
yellowish orange (lOYR 6/6), and 
light greenish gray (5GY 8/1), colors 
mottled, weathering same colors, con-
tains about 5 percent very fine to 
coarse sand grains; well indurated, 
noncalcareous; structureless; weath-
ers to form steep slope or vertical 
cliff ......................................................... . 

Total of mottled strata ................... . 

Total of Chinle Formation ........... . 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2) and 

pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4) ; 
firmly cemented, calcareous; horizon
tally laminated to thin bedded, minor 
ripple-laminated parts; shaly to flaggy 
splitting; weathers to form steep 

Feet 

37.8 

186.0 

7.6 

11.1 

18.7 

586.3 

slope containing thin ledges ........ Unmeasured 
Base of section; not base of exposure. 

U-ll. MULEY TWIST 

Measured on prominent point 1.1 rniles south of where Muley 
Twist road enters Muley Twist Wash, long 11r1'90" W., 
lat 37° 49'11" N., Garfield County 

[Measured by J. H. Stewart and G. A. Williams, August 1952] 

Top of section; not top of exposure. Vertical cliff of 
Wingate Sandstone. 

). 

..... 
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STRATIGRAPHIC SECTIONS- UTAH 

Wingate Sandstone (incomplete) : Feet 

12. Sandstone, grayish orange (lOYR 7/4), 
weathering pale reddish brown (lOR 
5/4), fine grained, well sorted; com
posed of subrounded clear quartz with 
sparse black and orange accessory 
minerals; firmly cemented, calcar
eous; very thick bedded, with large
scale planar and trough sets of 
crossbedding; massive splitting; forms 
vertical cliff. Basal contact contains 
abundant coarse well-rounded sand 
grains ................................................ Unmeasured 

11. Siltstone. Upper half grayish red (5R 
4/2), weathering same color; contains 
abundant pebbles of limestone, a few 
granules of chert, and common scat
tered fine to medium well-rounded 
quartz grains; firmly cemented, cal
careous; thinly bedded. Lower half 
predominantly pale greenish yellow 
(lOY 8/2), minor amounts of grayish 
red (5R 4/2), weathering same colors; 
very thick bedded. Entire unit is mas
sive splitting; forms vertical cliff at 
base of Wingate. Presence of scat
tered fine to medium grains, similar 
to those in overlying unit, indicates 
that this unit is basal bed of Wingate 
Sandstone. Unit indicates reworking 
of underlying units and possibly an 
unconformable or disconformable con
tact with the underlying Chinle For-
n1ation .................................................... 9.1 

Total of incomplete Wingate 
Sandstone ...................................... 9.1 

Chinle Formation: 
Owl Rock Member: 

10. Siltstone, pale reddish brown (lOR 5/ 4), 
weathering same color; firmly ce
mented, argillaceous, somewhat cal
careous; bedding concealed; weathers 
to frothy and rubbly steep slope. 
Sandstone occurs from 61.2 to 63.1 ft 
above base of unit. It is reddish brown 
and fine grained (common rounded 
coarse grains of clear quartz) and 
locally forms a ledge ............................ 105.1 

9. Sandstone, predominantly pale reddish 
brown (lOR 5/4), minor amounts of 
bluish white (58 9/1), weathers to 
moderate red (5R 5/4), medium 
grained, fair sorted; composed of 
subrounded clear quartz grains and 
abundant green and black accessory· 
minerals; firmly cemented, highly cal
careous. Unit is tabular and contains 
small-scale planar sets of cross-lami
nae. Unit is shaly splitting and 
weathers to form a steep slope con
taining small ledges. Green color com-
monly confined to individual laminae 27.5 

8. Siltstone, and limestone to limey silt-

Chinle Formation-Continued 
Owl Rock Member-Continued 

stone. Siltstone, pale reddish brown 
(lOR 5/4) and pale green (5G 7/2), 
weathering pale reddish brown (lOR 
5/4) and light greenish gray (5GY 
8/1) ; firmly cemented, calcareous; 
horizontally bedded. Limestone to limy 
siltstone, pale red (lOR 6/2) and 
light greenish gray (5GY 8/1), 
weathering same colors, dense; well 
cemented; present as thin to thick 
horizontal beds interstratified with 
the siltstone. Limestone beds probably 
are siliceous in some places. Lime
stone and limy siltstone locally 
contain granules and pebbles of lime
stone. Unit as whole weathers to form 
steep slope; small ledges form on the 
limestone and limy siltstone. Lime
ston'J and limy siltstone are present 
from 5.0 to 7.3, 31.7 to 35.7, 63.8 to 
66.3, 76.9 to 79.9, 87.6 to 90.6, 95.9 
to 96.9 ft above base of unit. Base of 
unit is sharp and marks color change 
from brown below to red and green 
above ....................................................... . 

7. Siltstone, light brown (5YR 5/6) and 
pale reddish brown (lOR 5/4), weath
ering pale red (lOR 6/2) and mod
erate reddish orange (lOR 6/6); 
firmly cemented, calcareous and argil
laceous; horizontally very thick bed
ded; weathers to steep frothy and 
rubbly slope. Basal 10 ft of unit con
tains some swelling clay. No defi
nitely swelling clay could be noticed 
in rest of unit. Contact between part 
containing swelling clay and part not 
containing swelling clay is grada
tional and obscure. Several beds of 
yellowish-gray thinly bedded siltstone 
less than 8 in. thick occur in unit ..... . 

Total of Owl Rock Member ........... . 

Contact between Owl Rock and Petrified Forest 
Members placed at change from strata below 
in which swelling clays are prominent to strata 
above in which swelling clays are absent or 
rare. The basal 10 ft of unit 7 may belong in 
the Petrified Forest Member. 

Petrified Forest Member: 
6. Sandstone, very pale green (lOG 8/2), 

bluish white (5B 9/1), pale reddish 
brown (lOR 5/4), and moderate yel
lowish brown (lOYR 5/4), weather
ing pale yellowish orange (lOR 8/6), 
pale reddish brown (lOYR 5/4), light 
greenish gray (5GY 8/1), and mod
erate brown (5YR 4/4), medium 
grained to very coarse grained, sparse 
granules and pebbles of sandstone 
and limy siltstone, poorly sorted; com
posed of subangular clear quartz and 
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Feet 

113.0 

81.6 

327.2 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

common green and orange accessory 
minerals; poorly cemented, calcare
ous; medium-scale trough and planar 
sets of cross-strata, ripple laminated 
in part; flaggy to slabby splitting; 
weathers to form the most prominent 
cliff in the Chinle. Unit may correlate 
with the so-called Capitol Reef bed .... 

5. Claystone to siltstone, bottom half dark 
yellowish orange (lOYR 6/6), top 
half light brown (5YR 6/4), weath
ering pale yellowish orange (lOYR 
8/6) and light brown (5YR 6/4); 
firmly cemented, calcareous and argil
laceous; stratification poorly exposed, 
but parallel bedded where exposed; 
weathers to form steep frothy slope. 
Top half of unit mostly siltstone ..... . 

4. Silty claystone to clayey siltstone, pale 
red (5R 6/2) and grayish red (5R 
4/2), weathering same colors; firmly 
cemented, argillaceous, slightly cal
careous; unit is tabular, bedding gen
erally concealed, but where visible is 
cross stratified; weathers to steep 
rubbly slope. Contains a 5-ft-thick 
pale-red fine-grained clayey sandstone 
about 40 ft below top. Above this 
sandstone, ·unit is mostly siltstone. 
Four-inch siltstone bed occurs 3 ft 
above base of unit. Siltstone is pale 
olive (lOY 6/2), weathers pale red
dish brown (lOR 5/4), is very thinly 
laminated, and is shaly splitting. Unit 
contains some pale greenish yellow 
(lOY 8/2), very fine grained, highly 
calcareous sandstone nodules as large 
as 3 in. in diameter. Unit contains 
some pale-greenish-yellow (lOY 8/2) 
bleached spots as large as % in. in 
diameter ................................................. . 

Total of Petrified Forest Member ... . 

Monitor Butte Member: 
3. Silty claystone to siltstone, variegated, 

predominant pale olive (lOY 6/2), 
minor grayish red (5R 4/2) and light 
gray (N 7), moderate yellowish 
brown (lOYR 5/4) at base of unit, 
weathering same colors; contains high 
percentage of swelling clays; parallel 
bedding; forms hard, crusty slope. 
Conglomeratic sandstone is present 
from 85.2 to 86.7 ft. Conglomeratic 
sandstone, dark yellowish orange 
(lOYR 6/6), weathering same color, 
very coarse grained, poorly sorted; 
contains subrounded granules, pebbles 
and cobbles of limestone; forms lens 
exposed for about 100 ft along out
crop. Entire unit weathers to form 
rubbly slope containing small ledge. 

Feet Chinle Formation-Continued 
Monitor Butte Member-Continued 

Lower 20 ft of unit contains calcite 
(satin spar) dikes ............................... . 

Total of Monitor Butte Member ... . 

Mottled strata: 
2. Siltstone, pale purple (5P 6/2), yellow

ish gray (5Y 7/2), and medium dark 
26.5 gray (N 4), weathers medium light 

gray (N 6); abundant mica with iron 
minerals, uncommon orange accessory 
minerals; firmly cemented, argilla
ceous, iron cement; bedding obscured; 
forms steep slope with prominent 
ledge in middle; ledge pinches out 
within 100 yd to each side of section. 
Hematite ( ?) nodules abundant in up-
per third of unit ................................... . 

61.2 Total of mottled strata ................... . 

Total of Chinle Formation ............. . 

Moenkopi Formation (incomplete) : 
1. Siltstone, predominantly dark reddish 

brown (lOR 3/4) minor amounts of 
grayish yellow ( 5 Y 8/4) and pale 
brown (5YR 5/2), weathering dark 
reddish brown (lOR 3/ 4) ; abundant 
mica; firmly cemented, probably sili
ceous and argillaceous; very thin 
bedded to laminated; some ripple
laminated parts; some current ripples 
with wavelength of 1 in. and ampli
tude of ~1G in.; flaggy and shaly split
ting; unit forms steep slope with 
prominent ledges at 0 to 3.5 ft and 
at 35.0 to 38.0 ft. The Moenkopi is 
sandier near the top ........................... . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Base of section; not base of exposure. 

132.6 U-13. RANGE CANYON 

Feet 

107.1 

107.1 

17.5 

17.5 

672.1 

44.5 

44.5 

220.3 
Measu'ted /Torn neaT head of the noTth foTk of Range Canyon 

to northernmost extremity of the promontory about % mile 
east of wheTe middle trail crosses the Wingate Sandstone, 
long 110°06'15" W., lat 38°07'35" N., Garfiel<f., County 

[Measured by J. H. Stewart and 0. B. Raup, October 1953] 

Top of section; top of accessible exposure. Top of 
section on most northern local point. Top of sec
tion is S. 4 o E. of Bagpipe Butte and N. 64 o E. 
of where middle trail crosses Wingate Sandstone. 

Wingate Sandstone: 
24. Sandstone, light brown (5YR 6/4), 

weathering same color, very fine 
grained, well sorted; composed of 
subrounded amber-stained quartz and 
common black accessory mineral, 
sparse fine-grained accessory white 
mica; poorly cemented, calcareous; 
composed of horizontal laminae, rip
ple laminae, and very thin to thick 
planar and trough sets of small- to 
medium-scale cross-laminae; massive 

.:.. 



STRATIGRAPHIC SECTIONS- UTAH 

Wingate Sandstone-Continued Feet 

splitting, weathers to form vertical 
cliff. Sandstone contains common sub-
rounded amber medium to coarse sand 
grains. Only basal 10 ft of unit ex-
amined .............................................. Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
23. Sandy siltstone, pale reddish brown 

(lOR 5/4), weathering same, sandy 
(very fine grained), firmly cemented, 
noncalcareous; ripple laminated, 
weathers to form reentrant below 
Wingate Sandstone .............................. 5.2 

22. Sandstone, pale red (5R 6/2), minor 
amounts of pale reddish brown (lOR 
5/4) and light greenish gray (5GY 
8/1), weathering pale reddish brown 
(lOR 5/4), very fine grained, well 
sorted; composed of subrounded 
grains, composition not determinable; 
firmly cemented, slightly calcareous; 
horizontally and ripple laminated to 
thinly laminated; weathers to form 
vertical cliff. Unit contains abundant 
medium- to coarse-grained white and 
dark n1ica ................................................ 22.6 

Total of Rite Bed .............................. 27.8 

21. Sandy siltstone, similar to unit 19. 
Weathers to form steep slope with 
several prominent ledges in upper 
half .......................................................... 88.3 

20. Sandy siltstone, pale· red (5R 6/2), 
weathering same color, sandy (very 
fine grained) ; well cemented, calcar
eous; structureless; weathers to form 
ledge. Unit contains pale-reddish
brown (lOR 5/4) tabular structures 
that might possibly be worm borings. 
Many vertically columnar or tabular 
masses that project into underlying 
unit and that may possibly be mud-
crack fillings occur at base of unit.... 6.4 

19. Sandy siltstone, pale reddish brown 
(lOR 5/4), minor amounts of light 
brown (5YR 6/4), weathering pale 
reddish brown (lOR 5/ 4), sandy 
(very fine grained) ; firmly cemented, 
slightly calcareous; mostly structure
less but contains sparse horizontal 
stratification planes; weathers to form 
steep slope; contains one thin light
greenish-gray (5GY 8/1) color band 
about 8 ft below top of unit................ 55.6 

18. Siltstone, grayish red (5R 4/2) and 
minor amounts of pale reddish brown 
(lOR 5/4) and grayish red (lOR 
4/2), weathering pale reddish brown 
(lOR 5/4) and pale red (5R 6/2); 
firmly cemented, highly calcareous; 
weathers to form steep slope. This 

Chinle Formation-Continued 
Church Rock Member-Continued 

unit is differentiated from the over
lying unit only by a color difference. 
Underlying unit contains dominantly 
grayish-red siltstone that weathers 
pale red, whereas overlying unit con
tains dominantly pale-reddish-brown 
and light-brown siltstone that weath-
ers pale reddish brown ....................... . 

Total of Church Rock Member ....... . 

Owl Rock Member: 
17. Siltstone, light gray (N 7) in lower 

half grading upward to pale red pur
ple (5RP 6/2) in upper half, weath
ering light greenish gray (5GY 8/1) 
and pale red purple ( 5RP 6/2) in 
upper half; firmly cemented, calcare
ous; structureless; weathers to form 
steep slope. Laterally to line of sec
tion, top of unit contains light-green-
ish-gray-weathering. siltstone ........... . 

16. Limestone-grain sandstone, light green
ish gray (5GY 8/1) and pale red 
(lOR 6/2), weathering light greenish 
gray (5GY 8/1), coarse grained, fair 
sorted; composed of about 60 percent 
round limestone grains in dense lime 
matrix; well cemented; stratification 
poorly exposed but in some parts 
thinly bedded; weathers to form small 
ledge. Unit contains sparse limestone 
pebbles. Unit poorly exposed ............. . 

15. Siltstone to silty claystone, pale red 
(5R 6/2) and minor amounts of light 
greenish gray (5GY 8/1) and light 
gray (N 7), weathering same colors; 
firmly cemented, highly calcareous; 
structureless; weathers to form steep 
slope ....................................................... . 

14. Conglomeratic sandstone, light greenish 
gray (5GY 811), weathering same 
color, medium to coarse grained, fair 
sorted; composed of rounded limestone 
clasts in dense lime or green-clay 
matrix; well cemented; composed of 
very thin horizontal beds, possibly one 
small-scale cross-laminated set, com
mon ripple laminae ( ?) . Unit weath
ers to form ledge. Conglomeratic sand
stone contains granules and cobbles 
as large as 5 in. in diameter of light
greenish-gray (5GY 8/1) limestone 
and, to a lesser extent, silicified lime
stone ( ?) . Unit thickens to the east 
to about 5 ft and appears to lense 
out to the west along the local ex
posure. One fossil tree log 6 in. in 
diameter found in unit ....................... . 

13. Siltstone, pale red purple (5RP 6/2) 
and grayish red ( 5R 4/2 and lOR 
4/2), weathering same colors; firmly 
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Feet 

56.9 

235.0 

8.2 

1.6 

44.2 

2.3 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

cemented, highly calcareous; struc
tureless; weathers to form steep slope 

12. Limestone, light greenish gray (5G 
8/1), weathering same color, dense; 
well cemented; some possible horizon
tal laminae; weathers to form small 
ledge. To east of line of section unit 
appears to thicken to 3 ft ................. . 

11. Siltstone, grayish red (lOR 4/2) in 
lower 13.7 ft and grayish red ( 5R 
4/2) in rest of unit, weathering pale 
reddish brown (lOR 5/4) in lower 
half and pale red (5R 6/2) in upper 
half; firmly cemented, highly calcar
eous; structureless; weathers to form 
steep slope. Lower 5 ft of unit is silty 
claystone; upper 12.3 ft contains 
abundant poorly defined lenses of 
pale-red ( 5R 6/2) limy siltstone ....... . 

10. Sandstone, light greenish gray (5GY 
8/1) and grayish red (5R 4/2), weath
ering grayish orange pink (5YR 7/2), 
fine to medium grained, fair sorted; 
composed of subangular milky min
eral and about 10 percent orange and 
green minerals, abundant very coarse 
to coarse accessory white mica; poorly 
cemented, calcareous; composed of 
thin planar sets of small-scale cross
laminae; weathers to form ledge. Unit 
lithologically similar to sandstone 
units in the Petrified Forest Member 

9. Siltstone and limestone. Siltstone, gray
ish red (5R 4/2) and minor amounts 
of greenish gray (5GY 6/1), weath
ering grayish red purple (5RP 4/2) 
with thick light-greenish-gray (5GY 
8/1) band at base; firmly cemented, 
highly calcareous; structureless. Lime
stone, light greenish gray (5G 8/1), 
weathering same color, dense; well 
cemented; structureless. Limestone is 
present as poorly defined tabular bed 
from 5.6 to 8.2 ft above base of unit. 
Limestone nodules are common in the 
siltstone. Unit as whole weathers to 
form slope ............................................. . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
8. Sandstone (60 percent) and silty clay

stone ( 40 percent). Sandstone, gray
ish red (lOR 4/2) and pale red 
purple ( 5RP 6/2) , weathering same 
colors, very fine to medium grained, 
fair sorted; composed of subangular 
milky mineral, 15 percent dark-green 
mineral (probably biotite) and about 
5 percent green mineral; firmly ce
mented, highly calcareous; stratifica
tion mostly concealed but contains 
some medium-scale cross-laminae. 

Feet Chinle Formation-Continued 

17.3 

.8 

26.0 

5.8 

18.0 

124.2 

Petrified Forest Member-Continued 
Silty claystone, grayish red (lOR 
4/2), weathering same color and pale 
reddish brown (lOR 5/4); firmly ce
mented, calcareous; stratification con
cealed. Silty claystone is present as 
indistinct very thick beds interstrati
fied with sandstone. Unit as whole 
weathers to form steep slope ............. . 

7. Silty claystone, greenish gray (5GY 
6/1) and grayish purple (5P 4/2), 
sparse coarse-grained dark mica; 
firmly cemented, slightly calcareous; 
tabular unit, stratification concealed; 
weathers to form slope ....................... . 

6. Sandstone, light greenish gray ( 5GY 
8/1) and minor amounts of pale red 
purple (5RP 6/2), weathering same 
colors, fine to medium grained, abun-
dant interstitial calcite, fair sorted; 
composed of angular to subangular 
milky quartz, possibly some feldspar, 
10 percent dark-green and gray min
eral (probably biotite), and about 2 
percent orange and green minerals, 
sparse coarse to very coarse grained 
white mica; well cemented, calcare
ous; composed of thin to thick trough 
and probably planar sets of low-angle 
medium-scale cross-laminae; lower 
half weathers to form bench, and 
upper half weathers to form badland 
topography ............................................. . 

5. Covered ..................................................... . 

Total of Petrified Forest Member 

Moss Back Member: 
4. Sandstone (90 percent) and conglom

eratic sandstone (10 percent). Sand
stone, yellowish gray (5Y 8/1) and 
very pale orange (lOYR 8/2), weath
ering same colors, fine to medium 
grained, well sorted; composed of sub
angular to subround clear quartz and 
uncommon gray accessory mineral; 
poorly cemented, calcareous; com
posed of thin to thick trough and 
planar sets of small- to medium-scale 
and sparse large-scale cross-laminae. 
Conglomeratic sandstone, same as 
sandstone except contains rounded 
granules to pebbles of quartzite and 
to a lesser extent of chert. Conglom
eratic sandstone is commonly medium 
to coarse grained and contains abun
dant interstitial silt. All gradations 
present from sandstone containing a 
few disseminated granules to con
glomeratic sandstone containing from 
30 to 40 percent pebbles. Conglom
erate is present as thin lenses inter
stratified with rest of unit and is 
generally present at base or in basal 

Feet 

40.4 

2.4 

48.3 
6.3 

97.4 
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Chinle Formation-Continued Feet 

Moss Back Member-Continued 
10 ft of unit. Unit as whole weathers 
to form vertical cliff, contains sparse 
petrified logs as large as 1 ft in 
diameter .................................................. 94.8 

Total of Moss Back Member .......... 94.8 

Monitor Butte Member: 
3. Claystone to clayey sandstone, greenish 

gray (5GY 6/1) and medium light 
gray (N 6). Sandstone, fine grained, 
clayey, fair sorted; composition 
masked, uncommon coarse-grained 
accessory white mica. Silty claystone 
to clayey sandstone, poorly cemented, 
noncalcareous; stratification and split-
ting concealed; weathers to form 
slope; unit poorly exposed ................. . 

Total of Monitor Butte Member ... . 

Total of Chinle Formation ............. . 

Moenkopi Formation (incomplete) : 
2. Siltstone, grayish red (lOR 4/2), gray

ish purple (5P 4/2), and light green
ish gray (5GY 8/1), grayish purple 
increases upward and is dominant in 
the upper part of unit, weathering 
same colors; otherwise same as un
derlying unit; unit poorly exposed. 
Possibly some of this unit is part of 

2.2 

2.2 

553.6 

the Chinle Formation .......................... ·6.4 
1. Siltstone, grayish red (lOR 4/2), weath

ering same color, commonly clayey; 
abundant fine to very fine grained 
accessory white mica; stratification 
concealed; weathers to form steep 
slope; unit is poorly exposed ........ Unmeasured 

Total of incomplete Moenkopi 
Formation ...................................... 6.4 

Base of section; not base of exposure. 

U-14. SILVER FALLS CREEK 

Measu·red at southwest side of the farthest outlying mesa 
between D·ry Fork and South Fork of Silver Falls Creek, 
long 111 °08'00" W., lat 37° 1,.3'20" N., Garfield County 

[Measured by L. C. Craig, G. A. Williams, H. F. Albee, and J. H. Stewart, 
July 1952] 

Top of section; top of accessible outcrop; N. 85° W. 
of the southwest end of airstrip. 

Wingate Sandstone (incomplete) : 
14. Sandstone, moderate reddish orange 

(lOR 6/6), weathering moderate red
dish orange (lOR 6/6) to moderate 
reddish brown (lOR 4/6), very fine 
grained to fine grained; subangular 
to angular grains, some scattered 
coarse rounded to well-rounded 
grains; composed of amber-stained 
clear quartz with uncommon black 
and sparse orange accessory grains; 
firmly cemented, slightly calcareous; 
composed of large-scale trough to 

Wingate Sandstone (incomplete) -Continued Feet 

planar sets of cross-laminae; blocky 
weathering; forms vertical cliff .... Unmeasured 

13. Conglomeratic sandstone, grayish red 
(lOR 4/2) to pale greenish yellow 
(lOY 8/2), weathering pale reddish 
brown (lOR 5/2), very coarse grained 
to fine grained, poorly sorted; abun
dant well-rounded white mineral, 
black and yellow accessory minerals, 
sparse clear quartz; well cemented, 
argillaceous, very weakly calcareous; 
structureless to faintly parallel bed
ded with small cross-laminated lenses; 
slabby weathering. Contains granules 
to pebbles as large as 1 in. in diam
eter consisting predominantly of gray 
and angular chert. Basal contact bev
els the Owl Rock Member disconform
ably and cuts out as much as 5 ft of 
beds in 15 ft along contact ................ 1.8 

Total of incomplete Wingate 
Sandstone ......... .................. ....... ...... 1.8 

Chinle Formation: 
Owl Rock Member: 

12. Similar to unit below, but weathers 
locally to vertical slopes with hoodoo 
shapes. Unit is tabular with medium
scale trough sets of cross-laminae, 
subparallel laminae, and ripple lami
nae. Common light-greenish-gray cir
cular spots appear ·to have black 
carbonaceous center .............................. 16.9 

11. Siltstone, pale. red (lOR 6/2) ; firmly 
cemented, highly calcareous; hackly 
weathering, forms steep rubbly slope 
broken by two ledges; one at base of 
upper third of unit is 1.5 ft thick, 
and one at top of unit is 3.5 ft thick. 
Ledges are conglomeratic sandstone, 
pale red (lOR 6/2) mottled a light 
greenish gray ( 5GY 8/1), weathering 
light brown (5YR 6/4); composed of 
reddish and greenish calcareous silt
stone pebbles as large as 1 in. in 
diameter and minor amounts of clear 
quartz, pinkish to white chert gran
ules, and sparse interstitial clear 
quartz. Unit is tabular, parallel to 
subparallel bedded, slightly calcare-

ous ···························································· 66.9 
10. Alternating limestone and siltstone. 

Limestone, moderate orange pink 
(lOR 7/4), very light gray (N 8), 
weathers pale red (5R 6/2) with very 
light gray (N 8) mottling, very finely 
crystalline; black to red silica-filled 
stringers; thick bedded to very thick 
bedded; hackly splitting; weathers to 
form ledges. Siltstone, pale red (lOR 
6/2), light olive gray (5Y 6/1), to 
very light gray (N 8), weathering 
pale red (lOR 6/2), well sorted; com-
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Chinle Formation-Continued Feet Chinle Formation-Continued 
Owl Rock Member-Continued 

posed of white mineral and sparse 
clear quartz; firmly cemented, calcar
eous; parallel laminated; platy to 
papery and in part hackly splitting; 
weathers into steep slope. From bot
tom, unit consists of 12.1 ft siltstone, 
2.8 ft limestone, 15.9 ft siltstone, 5.0 
ft limestone, 12.6 ft siltstone, 6.0 ft 
limestone, 7.9 ft siltstone, 5.3 ft lime
stone, 4.5 ft siltstone, and 5.9 ft lime-
stone ........................................................ 78.0 

9. Siltstone, pale reddish brown (lOR 5/ 4) 
and minor pale red, weathering same 
colors; no swelling clays; firmly ce
mented, calcareous; structureless; 
weathers to form steep loose slope. 
Basal conta~t appears gradationaL.. 43.9 

Total of Owl Rock Member ............ 205.7 

Petrified Forest Member: 
8. Clayey siltstone, pale reddish brown 

(lOR 5/4), weathering same color; 
swelling clays; firmly indurated, non
calcareous; structureless; weathers to 
form frothy-surfaced slope. A thin 
interval at the top of the unit con
tains light-greenish-gray limestone ( ?) 
nodules .................................................... 16.7 

7. Sandstone and siltstone, pale red (lOR 
6/2), pale brown (5YR 5/2), pale 
reddish brown (lOR 5/4), very dusky 
red purple (5RP 5/2), and very light 
gray (N 8) (grays are coarser sand
stone), weathering moderate reddish 
orange (lOR 6/6), silt to medium 
sand, well sorted; composed of 
rounded clear quartz grains and com
mon pink and black accessory min
erals; firmly to poorly cemented, 
calcareous; sandstone is tabular with 
lenticular sand lenses of medium
scale trough sets of crossbeds; most 
of the crossbeds are alternately light 
gray and very dusky red purple. Unit 
has hackly fracture. Unit weathers 
to form a steep slope ............................ 42.4 

6. Claystone, pale reddish brown (lOR 
5/4) tolightbrown (5YR5/4) to pale 
red (lOR 6/2) with a middle unit of 
mottled light greenish gray ( 5GY 
8/1) and moderate yellowish brown 
(lOYR 5/4), highly silty to sandy 
(very fine graiaed) ; hackly fracture, 
weathers with a frothy surface. En
tire unit poorly exposed, covered by 
talus of Wingate Sandstone .............. 74.2 

5. Claystone, pale red purple ( 5RP 6/2) 
to grayish red purple (5RP 4/2) in 
bottom Ya, pale reddish brown (lOR 
5/4) in middle Ya, and pale red (5R 
6/2) in top %, slightly silty bottom 
% and top Ya, highly silty middle % ; 

Petrified Forest Member-Continued 
hackly fracture; weathers to a frothy
surfaced slope. At top is 6-in. layer 
of sandstone. Sandstone, white (N 
9), fine to medium grained, poorly 
sorted; composed of clear quartz with 
abundant red, green, and black acces
sory minerals and uncommon biotite 
flakes; composed of small-scale trough 
sets of cross-laminae. Sandstone forms 
indistinct capping ledge above steep 
badland slope developed in claystone. 
Unit forms prominent bright-colored 
band above gray Monitor Butte Mem
ber below. Abundant limestone nod
ules from granule to boulder sized in 
lower half of unit ............................... . 

Total of Petrified Forest Member 

Monitor Butte Member: 
4. Alternating sandstone and siltstone. 

Sandstone, light brown (5YR 6/1) to 
grayish yellow (5Y 8/4), weathering 
light brownish gray (5YR 6/1), fine 
grained to very fine grained, fair 
sorted; composed of clear quartz, 
common black minerals, sparse to 
common biotite flakes, some intersti
tial limonite (?) ; firmly cemented, 
calcareous. Sandstone layers lenticu
lar and composed of thin to very thin 
sets of ripple laminae and cross-lami
nae. Siltstone, light olive gray (5Y 
6/1), weathering light gray (N 7) ; 
poorly ceme);lted, calcareous; very thin 
to thinly laminated; irregular split
ting; weathers to gentle slope. At 
base of unit is a thin lenticular con
glomerate containing pebbles, as large 
as % in. in diameter, predominantly 
of limestone. Sandstone lenses occur 
at 7.3 ft, 21.2 ft, 27.5 ft, 31.8 ft; 
between 33.8 ft and 37.1 ft sandstone 
lenses predominant. Each sandstone 
lens has a different dip and strike, 
probably owing to penecontemporane-
ous slumping ......................................... . 

3. Silty claystone, pale green (lOG 6/2) to 
medium light gray (N 6), weathering 
light gray (N 7), well sorted; com
position masked; poorly cemented, 
calcareous; shaly; weathers to a steep 
slope. Unit contains swelling clay and 
rounded limonite concretions as large 
as 4 in. in diameter. Unit contains 
several prominent, steeply dipping 
sandstone beds in lower 20 ft ........... . 

Total of Monitor Butte Member ..... . 

Shinarump Member: 
2. Sandstone, grayish yellow (5Y 8/4) to 

moderate yellow (5Y 7/6), weath
ering brownish black (5YR 2/1), 

Feet 

177.4 

310.7 

37.1 

157.2 

194.3 

,. 
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Chinle Formation-Continued 
Shinarump Member-Continued 

predominantly coarse grained with 
subordinate scattered very coarse 
grains, poorly sorted; composed of 
subangular clear quartz and sparse 
black grains; brown-stained intersti
tial clay; clay binding, slightly cal
careous; composed of medium-scale 
trough sets of cross-laminae; slab by 
to platy splitting, forms thin capping 
ledge that thickens to 40 ft 14 mile 
to northeast and pinches out 25 ft to 
southwest ------------------------------------------------

Total of Shinarump Member ---------

Total of Chinle Formation -------------

Contact of Shinarump and Moenkopi is sharp. 
Shinarump fills small scours cut into Moenkopi 
Formation. 

Moenkopi Formation: 
1. Siltstone, reddish brown, ripple lami

nated and structureless. About 50 ft 
of cliff-forming member is present at 
top of Moenkopi. Top 5 ft of Moen-

Feet 

1.8 

1.8 

712.5 

kopi is yellowish gray __________________ Unmeasured 
Base of section; base of outcrop. 

U-15. SOUTH BLOCK 
Measu:ted up cast side of outc·top that has outlier of Wingate 

Sandstone on top. Outlier lies just south of most southerly 
outc?·op of Wingate Sandstone on South Block. Top of sec
tion about 500 ft south of the no?·thent extremity of the 
outlie?' of Wingate Sandstone. Long 110°16'25" W., lat 
37°58'21" N., Garfield County 

[Measured by J. H. Stewart and D. A. McManus, June 1954] 

Top of section; top of accessible exposure. Feet 

Wingate Sandstone: 
21. Sandstone, light brown (5YR 6/4) and 

very pale orange (lOYR 8/2), weath
ering light brown ( 5YR 6/ 4), very 
fine grained, fair sorted; composed of 
rounded clear quartz and sparse black 
accessory minerals; poorly cemented, 
very slightly calcareous; composed of 
thin to very thick trough sets of low
angle cross-laminae; massive split
ting; weathers to form vertical cliff. 
Unit contains about 5 percent scat
tered medium to coarse well-rounded, 
frosted grains. Basal 0.5 ft of unit 
contains about 50 percent of these 
medium to coarse grains. This basal 
0.5 ft is composed of indistinct low
angle cross-laminae suggestive of flu
vial deposition. Top of this basal 0.5 
ft is a consistent stratigraphic hori
zon whereas bottom is slightly irregu-
lar ------------------------------------------------------Unmeasured 

Contact of Chinle Formation and Wingate Sand
stone placed at lithologic change from the purplish 
irregularly cross stratified sandstone of the Chinle 
to the brownish smoothly cross stratified sandstone 

of the Wingate. In addition, the Wingate contains 
common well-rounded frosted grains. The contact 
is slightly irregular within a 2-in. zone. 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
20. Sandstone, pale red (5R 6/2), weather

ing same color, very fine grained, fair 
sorted; composition masked; firmly 
cemented, slightly calcareous; com
posed of thin to thick trough and 
minor planar sets of small- to medium
scale low-angle cross-laminae, sparse 
thick structureless lenses; weathers 
to form vertical cliff, vertical cliff 
continuous with that of Wingate 
Sandstone. Unit contains sparse lenses 
of micaceous ripple-laminated silt-
stone --·-----------------------------------------------------

19. Siltstone, dark reddish brown (lOR 
3/4), weathering moderate red (5R 
5/4); abundant very fine grained 
white mica; poorly cemented, non
calcareous; stratification concealed; 
weathers to form steep slope. Com
monly unit is sandy (very fine 
grained), and rarely it grades to silty 
sandstone. Top 5 ft of unit very 
poorly exposed --------------------------------------

18. Sandstone, pale red (5R 6/2) and light 
greenish gray (5GY 8/1), weathering 
pale red (5R 6/2), very fine grained, 
fair sorted; composition masked; well 
cemented, slightly calcareous; com
posed of thin to thick trough sets of 
low-angle medium-scale cross-lami
nae; weathers to form vertical cliff. 
Unit is highly variable in lithology 
along exposure. -Locally contains thin 
to thick lenses of grayish-red ( 5R 
4/2) siltstone. Unit contains many 
silicified tree logs as large as 2.0 by 
1.1 ft ---------------------·----------------------------·-----

Total of Hite Bed ---·------------------·-----

17. Siltstone, pale reddish brown (lOR 5/4) 
and light brown (5YR 6/4), weather
ing same colors, sandy (very fine 
grained) in places; well cemented, 
slightly calcareous in places; appears 
structureless; weathers to steep loose 
slope --------------------------------------------------------

16. Siltstone, pale red (5R 6/2) and pale 
reddish brown (lOR 5/4), weathering 
same colors; well cemented, calcare
ous; structureless; weathers to form 
steep loose slope. Unit contains thin 
light-greenish-gray (5GY 8/1) band 
at base and at a position about 5 ft 
above base of unit. Unit contains re
sistant horizontal bed of light-brown 
(5YR 6/4) and light-greenish-gray 
(5GY 8/1) siltstone from 31.7 to 33.0 
ft above base of unit. Unit appears to 
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Feet 

23.8 

39.3 

22.2 

85.3 

31.5 
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Chinle Formation-Continued 
Church Rock Member-Continued 

be a transition from the pale-red silt
stone of Owl Rock Member to pale
reddish-brown siltstone of the Church 
Rock Member ....................................... . 

Total of Church Rock Member ..... . 

Owl Rock Member: 
15. Siltstone and limestone to limy siltstone. 

Siltstone, pale red (5R 6/2 and lOR 
6/2), 1 percent pinkish gray (5YR 
8/1), pale reddish brown (lOR 5/4) 
from 74 to 90.6 ft, otherwise similar 
to siltstone in unit 11. Limestone to 
limy siltstone, pale red (lOR 6/2) 
and light greenish gray (5GY 8/1), 
weathering same colors; well ce
mented; dense. Limestone is present 
as horizontal bed from 17.6 to 19.0 ft 
and thin horizontal beds comprising 
about 20 percent of the interval from 
90.6 to 110.7 ft above base of unit. 
Siltstone commonly contains limestone 
nodules. Unit weathers to form steep 
loose slope ............................................. . 

Offset in section, so that units 15 and higher 
were measured about 200 ft south of 
wher-e· unit 14 and under-lying units were 
measured. 

14. Limestone (80 percent) and siltstone 
(20 percent). Limestone, light green
ish gray (5GY 8/1), pinkish gray 
(5YR 8/1), and pale red (lOR 6/2), 
weathering pale red (lOR 6/2), 
dense; well cemented. Siltstone, simi
lar to siltstone in unit 11, very thin 
to thin poorly defined horizontal beds 
of siltstone interstratified with thin 
to thick poorly defined horizontal beds 
of limestone, all gradation between 
siltstone and limestone. Limestone in 
many places contains common to 
abundant limestone grains. Unit as a 
whole tabular and weathers to form 
most conspicuous ledge in the upper 
part of the Chinle ............................... . 

13. Siltstone, pale red (5R 6/2 and lOR 
6/2) and sparse light greenish gray 
(5GY 8/1), otherwise similar to silt
stone in unit 11. Unit contains light
greenish-gray (5GY 8/1) limestone 
from 14.5 to 15.6 ft above base of 
unit. This limestone consists of about 
30 percent medium to very coarse 
limestone grains in an aphanitic ma
trix. Top 10 ft of unit contains two 
very thin limestone beds similar to 
limestone in unit 11 ........................... . 

12. Siltstone, pale red (lOR 6/2) (35 per
cent), light brown (5YR 6/4) (35 
percent), and pale reddish brown 
(lOR 5/4) (30 percent), color banded, 
weathering pale red (5R 6/2) and 

Feet 

53.9 

170.7 

121.1 

8.3 

40.8 

Chinle Formation-Continued 
Owl Rock Member-Continued 

light brown (5YR 5/6) ; well ce
mented, calcareous; stratification con
cealed; weathers to form steep slope. 
Unit forms distinctive orange band 
on cliff ................................................... . 

11. Siltstone and limestone. Siltstone, pale 
red (lOR 6/2), weathering same 
color; well cemented, highly calcare
ous; stratification concealed. Lime
stone, pale red (lOR 6/2) and light 
greenish gray (5GY 8/1), weather
ing grayish orange pink (5YR 7 /2), 
dense. Limestone forms thin lenticu
lar bed from 9.3 to 10.1 ft above 
base of bed. Unit as whole weathers 
to form slope containing small ledge 
on the limestone bed. Siltstone com
monly contains abundant limestone 
nodules ................................................... . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
10. ·sandy siltstone, pale reddish brown 

(lOR 5/4), weathering same color; 
abundant medium-grained accessory 
dark mica; well cemented, noncalcar
eous; ·stratification concealed; weath-
ers to form steep slope ....................... . 

9. Sandstone, pale red (5R 6/2), weather
ing grayish red (5R 4/2), fine grained, 
fair sorted; composition masked, com
mon coarse-grained accessory dark 
mica; well cemented, calcareous; 
stratification concealed; weathers to 
form ledgy slope ................................... . 

8. Sandstone, light greenish gray (5GY 
8/1) and pale pink (5RP 8/2), weath
ering pale pink (5RP 8/2), fine to 
medium grained, fair sorted; com
posed of subangular milky grains and 
about 5 percent dark-green mica; well 
cemented, calcareous; stratification 
poorly exposed but many medium
scale cross-strata noted; weathers to 
form slope. Forms conspicuous light
colored band. Basal 0.5 ft forms 
minor ledge containing about 20 per
cent light-greenish-gray (5GY 8/1) 
limestone pebbles and cobbles ........... . 

Total of Petrified Forest Member .. 

Stratigraphic equivalent of Moss Back Member: 
7. Sandstone (30 percent), conglomerate 

sandstone (10 percent) and siltstone 
(60 percent). Sandstone, pale red 
(5R 6/2), otherwise similar to sand
stone in underlying unit. Conglom
eratic sandstone, similar to sandstone 
except contains about 20 percent silt
stone pebbles. Siltstone, grayish red 
(lOR 4/2), weathering pale reddish 
brown (lOR 5/4); common fine-

Feet 

18.7 

20.4 

209.3 

7.6 

23.1 

10.5 

41.2 

~-
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Chinle Formation-Continued 
Stratigraphic equivalent of Moss Back 

Member-Continued 
grained white mica; poorly cemented, 
noncalcareous; stratification con
cealed. Sandstone and conglomeratic 
sandstone mostly found in basal third 
of unit and intertonguing with silt
stone. Siltstone occupies most of up
per two-thirds of unit. Unit as whole 
is tabular and weathers to form ledge 
in lower third and slope in upper two
thirds. Units 6 and 7 weather to form 
the most conspicuous cliff in the 
Chinle Formation. This cliff forms a 
red band on the exposure ................... . 

6. Sandstone, pale red ( 5R 6/2) and com
mon dusky yellow (5Y 6/4) and light 
gray (N 7) in basal half, weathering 
same colors, fine grained, fair sorted; 
composed of subangular milky grains 
and abundant green accessory min
erals, common dark and white acces
sory mica; well cemented, slightly 
calcareous; composed of thin trough 
sets of small- to medium-scale cross
laminae, subordinate horizontal lami
nae; weathers to form steep slope or 
vertical cliff ........................................... . 

5. Sandstone (50 percent) and conglom
eratic sandstone (50 percent). Sand
stone, pale red purple (5RP 6/2) 
and light greenish gray (5GY 8/1), 
weathering light greenish gray (5GY 
8/1), fine grained, fair sorted; com
posed of subangular milky grains and 
about 10 percent orange and green 
grains, common dark and white mica; 
well cemented, calcareous; composed 
of thin planar sets of small-scale 
cross-laminae. Conglomeratic sand
stone, similar to sandstone except 
contains from 10 to 50 percent gran
ules and pebbles of light-brown silt
stone and gray limestone. Unit as a 
whole tabular and weathers to form 
persistent light colored ledge ........... . 

Total of stratigraphic equivalent of 
Moss Back Member ..................... . 

Monitor Butte Member: 
4. Silty claystone, pale reddish brown 

(lOR 5/4) and about 3 percent gray
ish purple (5P 4/2) and 3 percent 
light greenish gray (5GY 8/1), col
ors banded, weathering same colors; 
firmly cemented, calcareous; stratifi
cation mostly concealed, but unit con
tains sparse horizontal stratification 
planes; weathers to form frothy-sur
faced slope. Thin layer containing 
grayish-pink (5R 8/2) limestone nod
ules occurs at 68.0 ft above base of 
unit. Thick layer about 15 ft above 

Feet Chinle Formation-Continued Feet 

14.6 

17.0 

8.4 

40.0 

Monitor Butte Member-Continued 
base of unit contains common ripple-
laminated siltstone ............................... . 

3. Silty claystone, grayish purple (5P 
4/2), weathering same color; firmly 
cemented, noncalcareous; stratifica
tion concealed; weathers to form 
frothy-surfaced slope. Dusky yellow 
(5Y 6/4) is commonly present in bot-
tom 3 ft ................................................. . 

Total of Monitor Butte Member ..... . 

Mottled strata: 
2. Siltstone, grayish red purple (5RP 4/2), 

abundant light-greenish-gray ( 5GY 
8/1) mottling, weathering same col
ors; well cemented, noncalcareous; 
structureless (unit as whole forms 
persistent horizontal bed) ; fractures 
into angular ·fragments; weathers to 
form small ledge. Unit contains from 
0 to 5 percent well-rounded medium 
grains ..................................................... . 

Total of mottled strata ................. . 

Total of Chinle Formation ........... . 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), weath

ering same color; common fine-grained 
white mica; well cemented, noncal
careous; structureless. Unit is ex
posed in gully. Top 2 ft contains 
about 50 percent light-greenish-gray 

92.7 

12.9 

105.6 

8.8 

8.8 

575.6 

(5GY 8/1) mottles .......................... Unmeasured 
Base of section; not base of exposure. 

U-16. SOUTH. DRAW 
Measu'red about 1,4 mile north of westernmost part of South 

Draw Point. Line of section S. 25° E. Near middle of east 
side of section 7, T. 31 S., R. 7 E., SLM, Garfield County 

[Measured by J. H. Stewart and H. F. Albee, October 1952] 

Top of section; not top of exposure. Section ends 
about middle of place where the Wingate Sand
stone is eroded away and only a few remnants are 
left; these forming a break in the line of cliffs. 

Wingate Sandstone: 
22. Sandstone, yellowish gray (5Y 8/1), 

weathering light brown (5YR 6/4), 
fine grained, well sorted; composed of 
round clear quartz and common to 
abundant black accessory minerals; 
firmly cemented, noncalcareous; com
posed of thick to very thick me
dium- to large-scale planar sets of 
cross-laminae. Lower 5 ft of unit 
composed of horizontal. thin beds and 
common thin medium-scale trough 
sets of low-angle cross-laminae. Unit 
is massive splitting and weathers to 
rounded surfaces and pinnacles along 
line of section and vertical cliff away 
from section. Bottom 5 ft contains 
common to abundant medium grains 
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Wingate Sandstone-Continued Feet 

scattered in the sandstone and concen-
trated along bedding planes. Contact 
with Chinle Formation covered .... Unmeasured 

Chinle Formation: 
Owl Rock Member: 

21. Siltston~ and sandstone, grayish red 
(lOR 4/2 and 5R 4/2) and pale red 
(lOR 6/2), weathering pale red (5R 
6/2). Siltstone, sandy (very fine 
grained); poorly cemented, argilla
ceous; stratification and splitting con
cealed. Siltstone occurs in lower 3 ft 
of unit along line of section but is 
not present 50 ft to south, where 
entire unit is sandstone. Sandstone, 
fine to very fine grained, argillaceous, 
fair to poorly sorted; composed of 
subangular clear quartz, accessory 
minerals masked; poorly to firmly 
cemented, argillaceous and slightly 
calcareous; stratification concealed on 
line of section, but 50 ft to south 
stratification is thin small- to me
medium-scale trough sets of low-angle 
cross-laminae; platy splitting. Entire 
unit weathers to form steep rubble
covered slope. Contact with Wingate 
covered. This unit might be related 
to the Hite Bed ------------------------------------ 11.4 

20. Limestone, pale red (lOR 6/2), weath
ering same color, dense, probably 
highly siliceous; well indurated; strat
ification poorly exposed but probably 
mostly horizontally thinly bedded; 
slab by to blocky splitting; weathers 
to form ledge. Red and gray chert 
nodules at top contact. Grades into 
unit below ---------------------------------------------- 3.9 

19. Siltstone, pale brown (5YR 5/2) pre
dominantly in lower half and grayish 
red (5R 4/2) predominantly in upper 
half; firmly cemented, noncalcare
ous; stratification concealed; weath-
ers to form steep loose slope .............. 45.6 

18. Limestone, similar to unit 16 except 
consists predominantly of very thin 
beds. Probably siliceous ---------------------- 8.2 

17. Siltstone, pale brown (5YR 5/2) and 
pale yellowish brown (lOYR 6/2), 
weathering pale yellowish brown 
(lOYR 6/2) ; firmly cemented, non
calcareous; tabular unit, stratification 
concealed. Thin bed of light-greenish
gray (5GY 8/1) limy siltstone from 
1.1 to 1.8 ft above base of unit. Abun
dant thin sets of light-greenish-gray 
(5GY 8/1) horizontally laminated or 
rarely ripple-laminated siltstone from 
2.2 to 5.6 ft above base of unit .......... 13.6 

16. Limestone, light greenish gray (5GY 
8/1) with pale-red (lOR 6/2) mottles 
and laminae, weathering light green
ish gray ( 5GY 8/1) , dense; composed 

Chinle Formation-Continued 
Owl Rock Member-Continued 

of thin horizontal beds; slab by split
ting; weathers to form small ledge. 
Common laminae of pale-red (lOR 
6/2) probably argillaceous, limy silt-
stone --------------------------------------------------------

15. Sandy siltstone, pale reddish brown 
(lOR 5/4), top 3 ft pale yellowish 
brown, weathering pale reddish brown 
(lOR 5/4). Similar to type 1 sandy 
siltstone in unit 14 except for color 
and absence of mica. Common light
greenish-gray (5GY 8/1) calcareous 
nodules as large as 1 in. in diameter. 
Unit is well cemented. Unit not notice-
ably limy ------------------------------------------------

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
14. Sandy siltstone, types 1 and 2. Type 1, 

moderate reddish brown (lOR 4/6), 
weathering pale reddish brown (lOR 
5/ 4), sandy (very fine grained) argil
laceous; sparse fine-grained white 
mica, contains swelling clays; poorly 
cemented, argillaceous; stratification 
concealed. Type 2, predominantly pale 
red (lOR 6/2), some light-greenish
gray (5GY 8/1) sets, laminae, and 
mottling, sandy (very fine grained) ; 
firmly to well cemented, calcareous; 
equal proportions of horizontal and 
ripple laminae; platy splitting. Type 
2 sandy siltstone from 10.2 to 11.2 ft, 
16.6 to 18.4 ft, and 20.7 to 28.4 ft 
above base of unit. Entire unit is 
tabular and weathers to form steep 
slope with small ledges in type 2 
sandy siltstone --------------------------------------

So-called Capitol Reef bed: 
13. Sandstone, most commonly pale reddish 

brown (lOR 5/4) and grayish red 
(lOR 4/2), abundant light-greenish
gray (5GY 8/1) laminae, common 
sets of moderate yellowish brown 
(lOYR 5/4), pale red purple (5RP 
6/2) and light greenish gray (5GY 
8/1), weathering pale reddish brown 
(lOR 5/4) and pale red purple (5RP 
6/2) , fine grained, fair sorted; com
posed of subangular clear quartz and 
common orange and dark-green ac
cessory minerals, common to abundant 
medium- to coarse-grained dark
green mica; poorly to firmly ce
mented, calcareous; composed of thin 
small- to medium-scale trough sets of 
low-angle cross-laminae and common 
very thin crossbeds, possibly some 
horizontal laminae present; platy and 
rarely slab by splitting; weathers to 
form steep slope with prominent ledge 

Feet 

3.0 

32.6 

118.3 

28.4 

-~ 
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Chinle Formation-Continued 
Petrified Forest Member-:-Continued 

So-called Capitol Reef bed-Continued 
from 23.2 to 31.6 ft above base of 
unit. One thin set of light-greenish
gray (5GY 8/1) limestone granule 
conglomerate 2 ft above base ........... . 

Total of so-called Capitol Reef bed 

12. Siltstone, predominantly grayish red 
(lOR 4/2), minor greenish gray 
(5GY 6/1), weathering grayish red 
(lOR 4/2) ; sandy (very fine grained) 
in parts; poorly to firmly cemented, 
calcareous; stratification concealed; 
weathers to form steep rubble-covered 
slope. Unit poorly exposed. Sharp 
basal contact ......................................... . 

11. Sandstone, pale red (lOR 6/2) to gray
ish red (lOR 4/2), weathering pale red 
(lOR 6/~), very fine to fine grained, 
fair sorted; composed of subangular 
clear and milky quartz and abundant 
green and common orange accessory 
minerals; poorly cemented, noncalcar
eous; stratification concealed; weath
ers to form steep rubble-covered 
slope; sharp basal contact; abundant 
greenish-gray (5GY 6/1) mottling. 
ArgiP;aceous in part ........................... . 

10. Siltstone, light brown (5YR 5/6), 
weathering same color; firmly ce
mented, calcareous; stratification con
cealed; weathers to form steep frothy 
slope. Upper 4 ft argillaceous and 
grades from pale reddish brown (lOR 
5/4) in lower part to moderate red 
(5R 5/4) in the upper part. Unit 
forms prominent brown band on out-
crop ......................................................... . 

9. Silty claystone, pale red (lOR 6/2) to 
grayish red (lOR 4/2) and greenish 
gray (5GY 6/1), weathering to pale 
red (lOR 6/2) and pinkish gray 
(5YR 8/1) ; firmly cemented, calcar
eous; stratification concealed; weath
ers to form steep frothy slope. Unit 
forms prominent light-colored band 
along outcrop. Unit grades into over-
lying unit ............................................... . 

8. Silty claystone, dark reddish brown 
(lOR 3/4), weathering dusky red (5R 
3/4); firmly cemented, calcareous and 
argillaceous; stratification concealed; 
weathers to form steep frothy slope. 
Unit grades into overlying unit ....... . 

7. Sandstone, grayish red (lOR 4/2 and 
lOR 5/2), blackish red (5R 2/2) at 
base and light-greenish-gray ( 5GY 
8/1) mottling throughout, weather
ing grayish red, fine grained in lower 
part grading to very fine grained in 
upper part, fair sorted; composed of 
subangular clear quartz and orange, 

Feet 

50.3 

50.3 

4.2 

16.4 

27.3 

33.8 

26.5 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

green, and gray minerals. Orange, 
green, and gray grains comprise 
about 30 percent of the sandstone. 
Abundant coarse-grained white and 
black mica near base. Poorly ce
mented, slightly calcareous; stratifi
cation concealed. Weathers to form 
steep slope. Grades into overlying unit 

6. Sandstone, yellowish gray (5Y 8/1) 
and light greenish gray (5GY 8/1), 
weathering to light greenish gray 
(5GY 8/1), medium grained, fair 
sorted; composed of subangular to 
angular clear quartz and orange, 
black, and green minerals. Orange, 
black, and green grains comprise 
about 25 percent of rock. Poorly ce
mented, slightly calcareous. Stratifi
cation poorly exposed, but probably 
horizontally laminated or composed 
of low-angle cross-laminae. Weathers 
to form steep rubble-covered slope ..... . 

Total of Petrified Forest Member ... . 

Monitor Butte Member: 
5. Clayey sandstone to siltstone, greenish 

gray (5GY 6/1), 20-ft grayish-red 
(lOR 4/2) band in middle of unit. 
Clayey sandstone or sandy siltstone, 
very fine to fine grained, poorly 
sorted; composed of subangular clear 
quartz and abundant orange, green, 
and black accessory minerals. Entire 
unit poorly to firmly cemented, 
slightly calcareous; stratification con
cealed; weathers to form a steep 
frothy slope. Unit contains common 
( 5 percent) well-cemented ripple
laminated thin to thick sandstone sets 
interbedded with rest of unit. The 
texture and composition of these sets 
are identical with those of the sand
stone in the rest of the unit. The 
upper 2 ft of the unit grades from 
medium gray (N 5) in the lower part 
to light brownish gray (5YR 6/1) in 
the upper part ..................................... . 

4. Sandstone, light gray (N 7), weathering 
yellowish gray (5Y 8/1), fine grained, 
fair sorted; composed of subangular 
clear quartz and uncommon green 
and orange accessory minerals, abun
dant interstitial calcite; firmly to well 
cemented, calcareous; composed of 
thin medium-scale trough to planar 
sets of cross-laminae; platy to slab by 
splitting; weathers to form prominent 
ledge. Unit pinches out about 50 ft 
to north of line of section but re
appears 300 ft farther north and 
forms a continuous ledge for about 
%, mile along the exposure. Abundant 
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Feet 

13.3 

8.0 

208.2 

123.7 
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Chinle Formation-Continued Feet 

Monitor Butte Member-Continued 
dark-yellowish-orange (lOYR 6/6) 
limonite spots as large as 1 mm in 
diameter -------------------------------------------------- 8.8 

3. Silty claystone to siltstone, greenish 
gray (5GY 6/1), weathering light 
greenish gray (5GY 8/1); firmly 
cemented, probably argillaceous; 
stratification and splitting concealed; 
weathers to form steep frothy slope. 
Basal 1 to 5 ft of unit away from 
line of section contains sandstone 
lenses less than 20 ft across which 
appear to be poorly developed lenses 
of the Shinarump Member. Sandstone, 
light gray (N 7) and grayish yellow 
(5Y 8/4), medium grained, fair 
sorted, composed of subround clear 
quartz and sparse dark-green acces
sory minerals, abundant interstitial 
calcite, some limonite spots; firmly to 
well cemented, calcareous; composed 
of lenticular layers of medium-scale 
cross-laminae; slab by splitting; 
weathers to form small ledge at base 
of unit away from line of section. 
This ledge commonly is grayish yel
low and white ----------------------------------------

Total of Monitor Butte Member ___ _ 

Total of Chinle Formation -----------

Moenkopi Formation (incomplete) : 
2. Siltstone, grayish red (lOR 4/2), gray

ish-purple (5P 4/2) and greenish
gray ( 5G 6/1) mottling, purple and 
green mottling increases upward in 
unit from very slight amount in lower 
half to a large amount at top of unit, 
weathering grayish red (lOR 4/2) 
with slight purple cast; firmly ce
mented, noncalcareous, probably ar
gillaceous; horizontally laminated in 
places, probably mostly structure
less; weathers to form steep slope. 
Unit is probably an altered interval 

81.2 

213.7 

540.2 

at top of Moenkopi Formation __________ 14.2 
1. Sandy siltstone, pale reddish brown 

(lOR 5/4), weathering same color, 
sandy (very fine grained) ; abundant 
fine-grained white mica; firmly ce
mented, slightly calcareous; composed 
of parallel laminae and common 
ripple laminae; platy splitting; 
weathers to form steep slope contain
ing small ledges. Uncommon thin to 
very thin sets of light-greenish-gray 
(5GY 8/1) laminae -------·----------------Unmeasured 

Total of incomplete Moenkopi 
Formation -------------------------------------- 14.2 

Base of section; not base of exposure. 

U-18. RICHARDSON AMPHITHEATER 
Measured on southwest-facing cliff at point where Colorado 

River canyon widens out into Richardson Amphitheater, 
southeastern part of sec. 25 (unsurveyed), T. 28 S., R. 28 
E., SLM, Grand County 

[Measured by J. H. Stewart and D. A. McManus, July 1954] 

Top of section; top of accessible exposure. Top of Feet 

section is N. 15° W. of Fisher's Towers and N. 51 o 

E. of southeasternmost tip of promontory of Win-
gate Sandstone on west side of Colorado River and 
north-northwest of Richardson Amphitheater. 

Wingate Sandstone (incomplete) : 
22. Sandstone, light brown (5YR 6/4), 

weathering same color, fine grained, 
well sorted; composed of subrounded 
clear quartz and sparse black acces
sory grains; firmly cemented, slightly 
calcareous; composed of thin to thick 
trough sets of small- to medium-scale 
cross-laminae; massive splitting; 
weathers to form vertical cliff. Only 
basal 10 ft of unit was examined. 
This unit has a sharp contact with 
the underlying unit, but the contact is 
not conspicuous from a distance .... Unmeasured 

21. Sandstone, light brown (5YR 6/4), pale 
reddish brown (lOR 5/ 4), and minor 
amounts of yellowish gray (5Y 8/1), 
weathering light brown (5YR 6/4), 
very fine grained, well sorted; com
posed of clear quartz; firmly cemented, 
calcareous; stratification poorly devel
oped, but unit contains some possible 
ripple laminae; massive splitting; 
weathers to form vertical cliff con
tinuous with that of overlying unit. 
Unit contains sparse ( <5 percent) 
rounded medium grains. This sand
stone resembles the sandstone of both 
the overlying and underlying units 
but is placed in the Wingate Sand
stone because of its continuity with 
the overlying unit. Base of unit sharp 
and exhibits slight irregularities with 
a relief of several inches. Rarely unit 
appears to fill mud-crack fillings ex-
tending into underlying unit --·-------·--- 3.9 

Total of mr.nmplete Wingate 
Sandstone ···----------------------------------- 3.9 

Chinle Formation: 
Church Rock Member: 

20. Silty claystone to clayey siltstone and 
sandstone. Silty claystone to clayey 
siltstone, grayish red (lOR 4/2), 
weathering grayish red (5R 4/2); 
firmly cemented, noncalcareous; strat
ification poorly exposed but appears 
to be mostly horizontally laminated, 
contains some contorted stratification. 
Sandstone, light brown ( 5YR 6/ 4), 
minor amounts of very pale orange 
(lOYR 8/2) and light greenish gray 
(5GY 8/1), very fine grained, well 
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Chinle Formation-Continued 
Church Rock Member-Continued 

sorted; composed of horizontal lami
nae to thin beds, common ripple 
marks; massive splitting. Sandstone 
is present as sets from 0.0 to 1.7 ft, 
3.9 to 4.4 ft, 9.0 to 9.9 ft, 11.3 to 11.9 
ft, and 12.1 to 18.1 ft above base of 
unit. This sandstone resembles in 
many respects that of the Wingate 
Sandstone. Unit as a whole tabular. 
The clayey siltstone to silty claystone 
weathers to form steep slopes, and 
the sandstone, to form ledges. A few 
rounded medium grains noted in the 
sandstone parts of this unit ............... . 

19. Siltstone to sandstone, pale red (lOR 
6/2) to grayish red (lOR 4/2), weath
et·ing grayish red ( 5R 4/2), siltstone 
to very fine grained sandstone; com
mon medium-grained accessory white 
and dark mica; well cemented, slightly 
calcareous; ripple laminated, some 
horizontal laminae; weathers to form 
steep slope ............................................. . 

18. Siltstone, pale reddish brown (lOR 
5/4), grayish red (lOR 4/2), sparse 
pale red (lOR 6/2), mottles of light 
greenish gray (5GY 8/1), weathering 
pale reddish brown (lOR 5/4), com
monly contains some very fine grained 
sand; firmly cemented, calcareous; 
stratification indistinct but in gross 
aspect is horizontally stratified, con
tains some ripple la.minae, some hori
zontal laminae to thin beds, and some 
structureless parts; fractures into 
angular fragments; weathers to form 
a steep slope containing some small 
ledges. Unit from 64.8 ft to top con
tains several (0.5 percent) thin lenses 
of siltstone containing from a few 
percent to as much as 50 percent 
medium grains to granules to limy 
siltstone and (or) possibly limestone 

17. Siltstone ( 60 percent) and sandstone to 
conglomerate ( 40 percent). Siltstone, 
pale reddish brown (lOR 5/4), sparse 
light brown (5YR 6/4), and yellow
ish gray (5Y 8/1), weathering pale 
reddish brown (lOR 5/4); well ce
mented, calcareous; horizontally and 
ripple laminated, common structure
less parts. Sandstone to conglomerate, 
pale reddish brown (lOR 5/4), com
mon light-greenish-gray (5GY 8/1) 
mottling, weathering same colors, 
coarse to very coarse grained sand
stone to granule and pebble conglom
erate; poorly sorted; composed of 
rounded pale-reddish-brown (lOR 
5/4) coarse grains to pebbles of silt
stone to limy siltstone in a matrix 
of calcite. Calcite forms as much as 

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

30 percent of rock in places. Sand
stone to conglomerate is poorly to 
well cemented; composed of very thin 
horizontal beds and very thin planar 
and trough sets of small- to medium
scale cross-laminae; slabby to massive 
splitting. Sandstone to conglomerate 
is present as thin to very thick cosets 
interstratified with siltstone. Unit as 
whole weathers to form ledges and 
steep slopes ........................................... . 

16. Siltstone to silty claystone, moderate 
yellowish brown (lOYR 5/4), minor 

22.8 amounts of pale reddish purple (5RP 
6/2), weathering pale red (lOR 6/2) 
in lower % and grayish orange 
(lOYR 7/4) in upper %; firmly 
cemented, calcareous; structureless; 
weathers to form steep slope. Unit 
forms fairly conspicuous light-colored 
band on exposure. Unit contains 
sparse (3 percent) medium to very 

26.4 coarse rounded grains. Basal half of 
unit contains common (10 percent) 
pale-red (lOR 6/2) limestone nodules 
averaging about 1.5 in. in diameter .... 

Basal sandstone unit: 
15. Sandstone, pale red (lOR 6/2) and very 

light gray (N 8), weathering light 
brown ( 5 Y R 6/4) , coarse to very 
coarse grained, fair sorted; composed 
of rounded gray grains and minor 
amounts of clear and milky quartz; 
calcite completely fills the area be
tween the grains and comprises about 
30 to 40 percent of the rock; poorly 
cemented, calcareous; unit is lenticu
lar, structureless; weathers to form 
inconspicuous ledge at base of light-
colored interval at base of Chinle ..... . 

Total of basal sandstone unit ....... . 

186.0 Total of Church Rock Member ..... . 

Total of Chinle Formation ............. . 

Moenkopi Formation (incomplete) : 
Sewemup Member: 

14. Siltstone (70 percent) to clayey silt
stone ( 30 percent), pale reddish 
brown (lOR 5/4), grayish red (lOR 
4/2), minor amounts of light brown 
(5YR 6/4), weathering pale reddish 
brown (lOR 5/4); abundant fine- to 
medium-grained accessory white and 
dark mica; firmly to well cemented, 
dominantly noncalcareous; horizon
tally and ripple laminated, stratifi
cation commonly concealed; weathers 
to form steep talus-covered slope con-
taining a few small ledges ................. . 

Total of Sewemup Member ........... . 
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Feet 

50.5 

9.2 

.6 

.6 

295.5 

295.5 

173.0 

173.0 
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Moenkopi Formation (incomplete)-Continued Feet Chinle Formation-Continued 
Church Rock Formation-Continued Total of incomplete Moenkopi 

Formation -------------------------------------
Base of section; not base of exposure. 

173.0 Hite Bed (?)-Continued 

Units 1-13 described in Stewart, Poole, and Wilson 
(1972). 

U-19. SPRING CANYON 
Measured on west side of Spring Canyon about 3,200 ft up 

canyon from the Green River and about 500 ft down can
yon from mining camp. Line of section is N. 70° W., long 
109°59'1,5" W., lat 38°37'1,0" N., Grand County 

[Measured by J. H. Stewart, November 1953] 

Top of section; top of accessible exposure. Feet 

Wingate Sandstone: 
19. Sandstone, grayish orange pink (5YR 

7 /2) and very pale orange (10YR 
8/2), weathering same colors, very 
fine grained, well sorted; composed of 
subrounded to rounded clear quartz 
and common black accessory mineral; 
poorly cemented, slightly calcareous; 
basal 2.5 ft ripple laminated, rest of 
unit composed of thin to thick trough 
sets of low-angle medium-scale cross
laminae; massive splitting; weathers 
to form vertical cliff. Only basal 6 ft 
of unit examined. Basal 0.4 ft contains 
common round frosted medium to 
coarse grains of brown and gray min
eral (probably quartz). Basal 0.4 ft 
contains sparse granules of white and 
brown chert. Basal contact sharp .. Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite Bed ( ?) : 
18. Sandstone (97 percent) and conglom

erate (3 percent). Sandstone, pale 
red (lOR 6/2), common medium light 
gray (N 6), sparse rare yellowish 
gray (5Y 8/1), weathering pale brown 
(5YR 5/2), very fine to fine grained, 
fair sorted; composition masked, un-
common coarser grained accessory 
white mica; firmly cemented, calcar
eous; composed of horizontal laminae 
and thin to thick trough sets of low
angle medium- to large-scale cross
laminae. Conglomerate, same as 
sandstone except composed of about 50 
percent granules and pebbles of white 
and pink chert, pale-brown siltstone, 
and pale brown sandstone in a sand 
matrix. The largest pebble is chert 
and has a maximum diameter of 2% 
in. The conglomerate is confined to 
the basal 5 ft of the unit, where it is 
present as thin lenses interstratified 
with sandstone. Unit as whole weath
ers to form vertical cliff continuous 
with the overlying Wingate Sand
stone. From a distance this unit ap
pears to be part of the Wingate. 

Basal strata of unit fill scours cut as 
deep as 1 ft into the underlying unit 

Total of Hite Bed ( ?) ....................... . 

17. Siltstone to silty sandstone, pale reddish 
brown (lOR 5/4) to grayish red (lOR 
4/2), weathering same colors, very 
fine grained; sparse fine-grained ac
cessory white mica; firmly cemented, 
calcareous; horizontally laminated to 
thinly bedded; platy splitting in part; 
weathers to form slope. On outcrops 
to east, unit is persistently covered 
with talus ------------------------------------------------

16. Sandstone (90 percent), siltstone (5 
percent), and conglomerate (5 per
cent). Sandstone, from 0.0 to 68.2 ft 
light greenish gray (5GY 8/1) and 
yellowish gray (5Y 8/1) with about 
5 percent pale greenish yellow (lOY 
8/2), about 5 percent light brownish 
gray (5YR 6/1), about 2 percent pale 
blue (5PB 7 /2), and about 2 percent 
pale brown (5YR 5/2), from 68.2 to 
122.0 ft light brownish gray (5YR 
6/1) and medium light gray (N 6), 
and from 122.0 to 144.2 ft pale red 
(5R 6/2) to grayish red (5R 4/2) 
and about 10 percent medium light 
gray (N 6), weathering light brown 
(5YR 6/4) and pale red (5R 6/2), 
very fine to fine grained, well sorted; 
composed of subangular milky min
erals and abundant black accessory 
mineral, common medium- to coarse
grained accessory white mica; firmly 
cemented, calcareous; composed of 
horizontal laminae, subordinate thin 
trough sets of low-angle medium- to 
large-scale cross-laminae, sparse rip
ple laminae, and common wavy lami
nae. Siltstone, greenish gray (5GY 
6/1), weathering same color, firmly 
cemented, slightly calcareous; struc
tureless; present as thin to very thick 
lenses interstratified with rest of 
unit. Conglomerate, similar to sand
stone except contains about 60 per
cent granules to cobbles of siltstone 
and sandstone. Conglomerate present 
as thin to thick sets interstratified 
with rest of unit. Siltstone and con
glomerate more common in lower % 
of unit. Position and content of silt
stone and conglomerate highly vari
able along outcrop. Unit contains 
sparse carbonaceous material in lower 
half.· Unit as a whole weathers to 

form vertical cliff ----------------------------------
15. Sandstone (50 percent) and siltstone 

Feet 

28.5 

28.5 

32.9 

144.2 
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STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation-Continued 
Church Rock Member-Continued 

(50 percent). Sandstone, greenish 
gray (5GY 6/1), weathering same 
color, very fine grained; abundant me
dium-grained accessory white mica; 
firmly to poorly cemented, calcareous; 
ripple laminated, one thin trough set 
of medium:..scale cross-laminae noted. 
Sandstone is present as thin to thick 
sets interstratified with siltstone. Silt
stone, greenish gray (5GY 6/1), 
weathering same color; poorly ce
mented, calcareous; stratification con
cealed. Unit as whole weathers to 
form slope containing several small 
ledges. Some intergrading of siltstone 
and sandstone. Sparse carbonaceous 
material. Unit poorly exposed in 
places ..................................................... . 

14. Sandstone (90 percent) and conglom
erate ( 10 percent), similar to unit 12; 
weathers to form ledge. Conglomer
ates contain common granules of 
limestone. Unit contains common car
bonaceous material. Unit might be 
related to the so-called Black Ledge 
although it does not appear to be 
continuous in the local area .............. .. 

13. Sandstone (60 percent) to siltstone ( 40 
percent), greenish gray (5GY 6/1) 
and dark greenish gray (5GY 4/1), 
weathering greenish gray (5GY 6/1), 
very fine grained; uncommon fine
grained accessory white mica; firmly 
to well cemented, calcareous; hori
zontally laminated, highly contorted 
basal half, some possible cross-lami
nae in one thin set of sandstone. 
Sandstone commonly occurs in very 
thin horizontal or contorted sets in
terstratified with the siltstone, but 
the sandstone and siltstone also inter
grade. Unit contains common car
bonaceous material. Unit weathers to 
form slope ............................................. . 

12. Sandstone to conglomerate, moderate 
greenish yellow (lOY 7/4) and green-. 
ish gray (5GY 6/1), weathering same 
colors, and light brown (5YR 6/4). 
Sandstone and matrix of conglom
erate is very fine grained, contains 
common fine-grained accessory white 
mica, and is fair sorted. Conglomerate 
composed of about 60 percent gran
ules and pebbles of siltstone to limy 
siltstone in sand matrix. Sandstone 
to conglomerate is firmly cemented, 
calcareous; horizontally and ripple 
laminated, weathers to form ledge. 
Unit contains abundant carbonaceous 
material ............................................... . 

Total of Church Rock Member ...... .. 

472-202 0- 72 - 17 

Feet 

29.0 

10.7 

11.2 

2.2 

258.7 

Chinle Formation-Continued 
Owl Rock ( ?) Member: 

11. Limestone, yellowish gray ( 5 Y 7/2) 
and uncommon light greenish gray 
(5G 8/1), weathering grayish orange 
(lOYR 7/4), aphanitic with sparse 
vugs of coarsely crystalline calcite; 
well cemented; structureless; weath
ers to form ledge. About 10 percent 
of unit is ixregular, gray and white 
chert nodules ........................................ .. 

10. Siltstone, similar to unit 8. Top 1.8 ft 
is pale green (lOG 6/2). Unit weath-
ers to form slope ................................ .. 

9. Limestone and siltstone. Limestone, 
greenish gray (5GY 6/1), weather
ing same color, aphanitic; well 
cemented; thinly bedded, faint sugges
tion of horizontal laminae. Siltstone, 
grayish green (5G 5/2), weathering 
greenish gray (5GY 6/1), firmly ce
mented, calcareous; present as thin 
horizontal bed from 1.0 to 1.3 ft. Unit 
as whole weathers to form white 
ledge ....................................................... . 

8. Siltstone, grayish red (lOR 4/2) to pale 
reddish brown (lOR 5/4), weathering 
same colors; poorly cemented, calcar
eous; structureless; weathers to form 
slope. Sparse pale-green (lOG 6/2) 
and grayish-green (5G 5/2) very thin 
beds in bottom and top 5 ft of unit. 
Top 1 ft of unit is entirely these 
green colors. Immediately to north of 
line of section, unit from 27.0 to 31.4 
ft above base is light-greenish-gray 
(5GY 8/1) and pale-red (lOR 6/2) 
horizontally and ripple laminated 
well cemented limy siltstone. Siltstone 
does not appear to be bentonitic ...... .. 

Total of Owl Rock ( ?) Member .... .. 

Moss Back ( ?) Member: 
7. Sandstone ( 65 percent) and clayey silt

stone (35 percent). Sandstone, light 
greenish gray (5GY 8/1) and pale 
brown (5YR 5/2), weathering same 
colors, very fine grained, silty in 
parts; common medium-grained ac
cessory white and dark mica; well 
cemented, calcareous; horizontally and 
ripple laminated; platy splitting. 
Clayey siltstone, grayish red (lOR 
4/2), weathering same color; poorly 
cemented, calcareous; present as very 
thin beds interstratified with very 
thin to thin sets of sandstone. Basal 
3 ft of unit is entirely greenish gray 
(5GY 6/1) clayey siltstone .............. .. 

6. Sandstone, grayish orange pink (5YR 
7 /2), common light greenish gray 
(5GY 8/1), weathering moderate 
brown (5YR 4/4), fine to medium 
grained, well sorted; composed of. sub-
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Feet 

1.4 

10.2 

2.8 

45.9 

60.3 

10.4 
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Chinle Formation-Continued 
Moss Back (?) Member-Continued 

rounded clear quartz and abundant 
black accessory mineral, uncommon 
medium- to coarse-grained accessory 
white mica; firmly cemented, calcare
ous; composed of thin trough sets. of 
low-angle medium-scale cross-lami-. 
nae; weathers to form conspicuous 
cliff near base of Chinle Formation. 
Sandstone commonly contains gran
ules and pebbles of red~ish-brown 
siltstone. Base of unit contains a few 
pebbles of limestone ........................... . 

5. Siltstone (50 perce11t), sandstone (30 
percent), and conglomeratic sand
stone (20 percent). Siltstone, grayish 
r~d (lOR 4/2), weathering same color; 
common very fine grained white mica; 
firmly cemented, noncalcareous; hori
zontally laminated. Sandstone, light 
greenish gray (5G 8/1), weathering 
same color and light olive gray (5Y 
6/1), very fine, fine, and medium 
grained, grades to sandy siltstone in 
a few places, fair sorted; composed 
of subangular milky mineral, common 
medium- to coarse-grained accessory 
white mica; firmly to well cemented, 
calcareous; horizontally laminated, 
sparse ripple laminae and thin trough 
sets of low-angle medium- to small
scale cross-laminae. Conglomeratic 
sandstone, similar to sandstone ex
cept contains about 40 percent gran
ules and pebbles of limestone and to 
a lesser extent of siltstone, quartz, 
quartzite, and chert. Conglomerate 
sandstone grades into sandstone. 
Sandstone and conglomeratic sand
stone are present as very thin to thin 
sets interstratified with siltstone. Unit 
as whole weathers to form vertical 
cliff continuous with that in overlying 
unit ......................................................... . 

Total of Moss Back ( ?) Member ... . 

Mottled strata (unit 4 may not belong with the 
mottled strata) : 

4. Claystone, grayish red purple ( 5RP 
4/2), sparse light-greenish-gray ( 5GY 
8/1) spots, weathering same colors, 
firmly cemented, noncalcareous; struc
tureless; weathers to form slope. 
Contains swelling clays. Unit contains 
sparse white aphanitic to coarsely 
crystalline irregular limestone nod
ules that range from 1 in. to 8 in. 
in diameter ........................................... . 

3. Siltstone, greenish gray ( 5GY 6/1), 
common grayish purple (5P 4/2), 
weathering same colors; firmly to 
well cemented, noncalcareous;. struc-

Feet 

9.3 

5.7 

25.4 

8.9 

Chinle Formation-Continued 
Mottled strata-Continued 

tureless; weathers to form small 
ledge. Unit contains 1 to 10 percent 
subrounded to subangular milky, 
clear, and pink quartz grains. Some 
of the purple parts of unit have a 
metallic luster. Several very thin hori
zontal lenses of reddish-orange quartz 
in top 0.5 ft of unit ............................. . 

2. Claystone, grayish red purple ( 5RP 
4/2), sparse (5 percent) light
greenish-gray (5GY 8/1) spots, 
weathering pale red purple (5RP 
6/2), poorly cemented; structureless; 
weathers to form slope. Unit contains 
sparse ( 1 to 5 percent) very fine to 
very coarse sand grains. These grains 
are rounded to subangular clear, 
milky, and pinkish quartz. Unit is 
differentiated from upper 1.8 ft of 
underlying unit on the basis of the 
presence of these very fine to coarse 
grains. Basal contact appears grada-
tional ..................................................... . 

Total of mottled strata ................... . 

Total of Chinle Formation ............. . 
Moenkopi Formation: 

1. Siltstone, pale reddish brown (lOR 5/4) 
to dark reddish brown (lOR 3/4), 
sparse (3 percent) greenish-gray 
( 5GY 6/1), weathering same colors; 
sparse fine-grained accessory white 
mica; poorly cemented, noncalcare
ous; stratification poorly exposed but 
probably dominantly structureless to 
horizontally thinly bedded, sparse 
horizontal laminae; weathers to form 
steep slope. Not measured, but about 
150 ft of unit exposed. Top 1.8 ft of 
unit is about 50 percent grayish red 
purple (5RP 4/2) ~md about 10 per
cent pale yellowish green (lOGY 7 /2). 

Base of section; base of exposure. 

U-20. MOAB CANYON 

Feet 

6.4 

Measured up point on southeast side of prominent reentrant 
in cliffs lying to west of The Dugway about 6 miles north
west of Moab, northwestern corner of sec. 19, T. 25 S., 
R. 21 E., SLM, Grand County 

[Measured by J. H. Stewart and D. A. McManus, June 195.4] 

Top of section; top of accessible exposure. Feet 

Wingate Sandstone: 
19. Sandstone, very pale orange (lOYR 

8/2), weathering pale reddish brown 
(lOR 5/4), very fine grained, well 
sorted; composed of subangular clear 
quartz, common black and sparse 
orange accessory minerals; fair ce
mented, noncalcareous; parallel bed
ded; weathers to form vertical cliff. 
Unit contains sparse ( <1 percent) 
coarse well-rounded grains .......... Unmeasured 
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STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation (not differentiated into formal 
members, although most of Chinle is litho
logically similar to the Church Rock Member) : 

Upper unit: 
18. Sandstone, grayish red (lOR 4/2) and 

pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4), 
very fine grained, silty in parts, well 
sorted; well cemented, noncalcareous; 
composed of ripple laminae and sub
ordinate thin trough sets of low-angle 
small-scale cross-laminae; weathers 
to form vertical cliff continuous with 
that of the overlying Wingate Sand-

stone --------------------------------------------------------
17. Siltstone, grayish red purple (5RP 4/2), 

weathering same color; firmly ce
mented, noncalcareous; stratification 
concealed; weathers to form slope .... 

16. Sandstone to conglomeratic sandstone, 
pale red (lOR 6/2) and subordinate 
light greenish gray (5GY 8/1), weath
ering pale reddish brown (lOR 5/4), 
very fine grained, well sorted; well 
cemented, highly calcareous; com
posed of thin trough sets of low-angle 
medium-scale cross-laminae and hori
zontal .laminae; weathers to form a 
small ledge. Conglomet·atic parts of 
unit are composed of about 40 percent 
angular grayish-pink ( 5R 8/2) chert 
clasts in the sand matrix. Conglom
eratic parts comprise about 40 percent 
of unit and are irregularly distributed 
both laterally and vertically in unit .... 

16. Sandstone to silty sandstone, pale red 
(5R 6/2), weathering pale reddish 
brown (lOR 6/4), very fine grained, 
well sorted;, composed of subangular 
clear quartz and sparse green and 
black and abundant white accessory 
minerals; well cemented, calcareous; 
composed of sets as large as 4 ft 
thick of horizontal beds and ripple 
laminae; weathers to form ledgy 
slope. T.he parts of the unit that form 
a slope are silty sandstone ------------------

Total of upper unit -------------------------

So-called Black Ledge (?) : 
14. Sandstone, pale red (lOR 6/2), grayish 

red ( 5R 4/2), subordinate yellowish 
gray (5Y 8/1) and dark yellowish 
orange (lOYR 6/6), weathering pale 
reddish brown (lOR 5/4) and dark 
yellowish orange (lOYR 6/6), very 
fine grained, well sorted; poorly to 
firmly cemented, slightly calcareous; 
horizontally laminated, subordinate 
thin trough sets of low-angle medium
scale cross-laminae, sparse contorted 
stratification; weathers to form the 
hjgher of two prominent ledges in the 

Feet 

12.0 

2.5 

4.7 

96.7 

114.9 

Chinle Formation-Continued 
So-called Black Ledge (?)-Continued 

upper part of the Chinle. Unit con
tains sparse (5 percent) conglom
eratic sandstone beds containing 
granules and pebbles of siltstone ..... . 

13. Siltstone to sandy siltstone (50 percent) 
and sandstone (50 percent). Siltstone 
to sandy siltstone, grayish red (lOR 
4/2) and pale reddish brown (lOR 
5/ 4), weathering pale reddish brown 
(lOR 5/4); firmly cemented, slightly 
calcareous; horizontally laminated. 
Sandstone, pale red (lOR 6/2), pale 
reddish brown (lOR 5/4), and sub
ordinate light greenish gray ( 5GY 
8/1), weathering pale reddish brown 
(lOR 5/ 4), very fine grained, well 
sorted; firmly cemented, calcareous; 
horizontally and ripple laminated. 
Sandstone is present as thin to thick 
horizontal and lenticular sets inter
stratified with rest of unit. Unit ap
pears to intertongue with overlying 
unit. Unit as whole weathers to form 
talus-covered slope ............................... . 

12. Sandstone, pale red (5R 6/2), weather
ing pale reddish brown (lOR 5/4), 
very fine grained, well sorted; well 
cemented, calcareous; composed of 
thin to thick trough and planar sets 
of small- to medium-scale cross-lami
nae, subordinate horizontal laminae; 
massive splitting; weathers to form 
ledge. Basal 0.5 ft contains abundant 
pebbles and cobbles of siltstone ....... . 

11. Siltstone and sandstone. Siltstone, gray
ish red (lOR 4/2), and sparse light 
greenish gray . ( 5GY 8/1), weather
ing pale reddish brown (lOR 5/4); 
well cemented, calcareous; stratifica
tion poorly exposed, but appears to 
be dominantly horizontally laminated. 
Sandstone, pale red ( 5R 6/2) and 
common yellowish gray (5Y 7 /2), 
weathering pale red (5R 6/2), very 
fine grained; well cemented, calcar
eous;· horizontally and ripple lami-

. nated. Sandstone forms about 60 
percent of top lO.ft·of unit. Unit as 
a whole weathers tO form a slope .... 

10. Silty sandstone, light'' greenish gray 
(5GY 8/1) and ·grayish yellow (5Y 
8/4), weathering moderate y~llowish 
brown (lOYR 5/4), very fine g'rained; 
well cemented, calcareous; ripple 
laminated, sparse thin trough sets of 
small-scale cross-lamin~e; weathers 
to form ledge. Top 0.5 ft of unit is 
limestone pebble conglomerate which 
is well cemented by a lime matrix ..... . 

9. Conglomeratic sandstone, light greenish 
gray (5GY 8/1)· and subordinate pale 
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Feet 

37.7 

25.7 

24.0 

30.4 

4.3 
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Chinle Formation-Continued 
So-called Black Ledge (?)-Continued 

red ( 5R 6/2), weathering moderate 
yellowish brown (lOYR 5/4), gran
ules and pebbles of siltstone in matrix 
of medium to very coarse grains of 
limestone, poorly sorted; well ce
mented by lime cement t.hat com
pletely fills interstitial spaces; 
structureless; weathers with unit 
above to form conspicuous ledge ....... . 

Total of so-called Black Ledge ( ?) 

Siltstone unit (probably represents an inter
mtxmg of strata lithologically similar to the 
Church Rock Member with a lesser amount 
of strata lithologically similar to the Petrified 
Forest Member) : 

8. Siltstone, grayish red (lOR 4/2), pale 
red (5R 6/2), and about 30 percent 
light greenish gray (5GY 8/1), weath
ering pale red (lOR 6/2) and light 
greenish gray (5GY 8/1); firmly 
cemented, calcareous; stratification 
poorly exposed but appears to be 
mostly horizontally and ripple lami
nated; platy splitting in part; weath
ers to form steep slope. About 5 
percent of the siltstone contains inter
stitial swelling clay. On cliffs to 
northwest, this unit appears to be 
almost entirely light greenish gray. 
A thin lens of greenish-gray ( 5GY 

'· <?Jl) limestone-grain sandstone is 
present at 31.3 ft. This sandstone has 
calcite · completely . filling the inter-
stitial spaces ......................................... . 

7. Siltstone to sand~ton~ (50 percent) and 
siltstone (50 percent). Siltstone to 
sapdstone, light greenish gray ( 5GY 
8/1) and sparse pale red (5R 6/2), 
weathers brownish gray (5YR 4/1), 
_silt to . very fine grained sand; com
mon accessory white mica; firmly ce
mented, highly calcareous; composed 

. of thin sets of ripple laminae inter
stratified with rest. of unit. Siltstone, 
grayish red purple ( 5RP 4/2), weath
ering same color;. firmly cemented, 
slightly calcareous; stratification con
cealed. Siltstone in basal 1 ft contains 
interstitial swelling clay. Unit as 
whole weathers to form ledgy slope. 
Thin leJ?.S of limestone pebble con
glomerate occur.s at 9.2 ft above base 
of unit ..................................................... . 

Total of siltstone unit .................... .. 

Basal sandstone u·nit: 
6. Sandstone, light greenish gray ( 5GY 

8/1), minor grayish red (5R 4/2), 
and pa]e red purple (5RP 6/2), 
weathers pinkish gray (5YR 8/1), 

· medium to very coarse· grained, poorly 

Feet 

1.2 

123.3 

72.2 

20.1 

92.3 

Chinle Formation-Continued 
Basal sandstone unit-Continued 

sorted; abundant interstitial white 
material (probably clay), composed 
of subangular to angular milky grains, 
sparse black accessory minerals; 
poorly cemented, calcareous; strati
fication poorly exposed but seems to 
be dominantly thin to very thick 
trough sets-of small- to medium-scale 
cross-laminae; weathers to form con
spicuous light-colored ledge at base 
of Chinle Formation. Colors in the 
unit do not follow stratification but 
form irregular mottles. Unit becomes 
silty toward top. Unit contains sparse 
lenses of gritty and pebbly sandstone 
near base; granules and pebbles are 
composed of clear quartz and are as 
large as % in. in diameter. A few 
thin seams containing malachite were 
seen at base of unit ............................ .. 

Total of basal sandstone unit ...... .. 

Total of Chinle Formation ............ .. 

Moenkopi Formation (incomplete) : 
5. Siltstone to sandy siltstone, light brown 

(5YR 6/4) and common pale reddish 
brown (lOR 5/4), sparse light-green
ish-gray (5GY 8/1) mottles and lami
nae; sandy (very fine grained); 
firmly cemented, calcareous; consists 
of thin to thick interstratified hori
zontal sets of horizontal laminae and 
ripple laminae; w~athers to form 
ledgy slope ............................................ .. 

4. Sandy siltstone, light brown (5YR 6/4), 
common light-green-gray (5GY 
8/1) mottles and laminae; weathers 
same color; sandy (very fine grained); 
common fine-grained accessory white 
mica; firmly cemented, calcareous; 
stratification poorly exposed but seems 
to be horizontally and ripple lami
nated; massive splitting; weathers to 
form most conspicuous massive verti
cal cliff in line of section. Base of 
unit is sharp and horizontal and 
marks most noticeable lithologic 
change in Moenkopi ............................ .. 

Total of incomplete Moenkopi 
Formation ..................................... . 

Units 1-3 described in Stewart, Poole, and Wilson 
(1972). 

U-21. WESTWATER CANYON 

Feet 

21.4 

21.4 

351.9 

123.5 

14.5 

138.0 

Measured on west bank of Colorado River approximately 
1 mile south of Westwater Creek and -'l4 mile south of 
prominent fault at north end of Westwater Canyon, north
east corner of sec. 22, T. 20 S., R. 25 E., SLM, Grand County 

[Measured by R. F. Wilson, June 1956] 

Top of section; not top of exposure. 
Wingate Sandstone: 

... 

...,. 
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Wingate Sandstone-Continued Feet 

5. Sandstone, grayish orange pink (5YR 
7 /2), weathering same color, very fine 
grained with scattered fine to medium 
grains in places; well sorted; com
posed of subround to round clear and 
frosted quartz and common dark ac
cessory mineral; firmly to well ce
mented, calcareous; composed in part 
of horizontal laminae, but predomi
nant stratification is wedge and 
tabular planar sets of medium- to 
large-scale high- and low-angle 
cross-laminae; weathers to form ver
tical cliff. Thickness estimated at 300 
ft ........................................................ Unmeasured 

Chinle Formation: 
Church Rock Member: 

4. Siltstone, grayish red (lOR 4/2), weath
ering same color, medium silt; firmly 
cemented, calcareous; structureless; 
weathers to form loose slope .............. 10.0 

3. Siltstone, pale reddish brown (lOR 
5/4), weathering same color, coarse 
silt; contains common accessory white 
mica; firmly to well cemented, cal
careous, horizontally to wavy lami
nated to very thin bedded in lower 
half, structureless in upper half; 
weathers to form irregular ledge ...... 14.2 

2. Siltstone, grayish red (lOR 4/2) and 
pale reddish brown (lOR 5/4), weath
ering pale reddish brown (lOR 5/4), 
medium to coarse silt; firmly to well 
cemented, calcareous in part; struc
tureless; weathers to form partly 
covered slope. Unit contains several 
thin layers of siltstone containing 
lime nodules .......................................... 54.0 

Total of Church Rock Member ...... 78.2 

Total of Chinle Formation .............. 78.2 

Precambrian: 
1. Schist and granitic gneiss, dark gray 

(N 3), medium gray (N 5), brownish 
gray (5YR 4/1), subordinate pale 
pink (5RP 8/2) and grayish red 
(lOR 4/2), weathering same colors, 
medium to very coarsely crystalline; 
composed of foliated black biotite, 
quartz, and feldspar; hard; weathers 
to form dark slope; about 40 ft of 
unit exposed above river. Upper 10 ft 
of unit is a regolith composed of 
deeply weathered granitic material. 
The foliation planes of the underlying 
gneiss are preserved in the regolith 
and dip at an angle to the dip of 
the overlying strata ........................ Unmeasured 

Base of section; base of exposure. Base of section is 
on west side of Colorado River, about % mile west 
of prominent fault, and is S. 30° Vl. of town of 
Westwater. 

U-22. KANARRAVILLE 
Measured 0.7 mile north of Taylor Creek and 1,..5 miles south 

of Kanarraville, east-central part of sec. 21 and west
central part of sec. 22, T. 38 S., R. 12 W., SLM, Washington 
County 

[Measured by J. H. Stewart and F. G. Poole, October 1955] 

Top of section; top of exposure. Top of section is at Feet 

crest of high hogback in Kayenta Formation. Top 
of section 'is about N. 60° E. of place where U.S. 
Highway 91 crosses Taylor Creek and N. 85 o E. 
of base of section. 

Kayenta Formation: 
19. Siltstone and sandstone. Siltstone, gray

ish red (lOR 4/2) and pale reddish 
brown (lOR 5/4); firmly cemented, 
noncalcareous; horizontally laminated 
to very thick bedded; weathers to form 
slope. Sandstone, pale red (5R 6/2), 
subordinate moderate orange pink 
(lOR 7/4), weathering pale red (5R 
6/2), fine to medium grained, fair 
sorted, composed of subrounded to 
subangular clear quartz, common 
black accessory minerals, firmly ce
mented, calcareous; horizontally lami
nated, also thin to thiCk trough sets 
of very low angle medium-scale cross
laminae; weathers to form ledge. 
Sandstone is present as about 10-ft
thick layer approximately 100ft above 
base of unit and 60-ft-thick layer 
about 200 ft above base of unit. Sand
stone in many places contains gray
ish-red siltstone pellets. About 250 ft 
of Kayenta Formation exposed. Unit 
not examined in detail .................. Unmeasured 

Moenave Formation: 
Springdale Sandstone Member: 

18. Sandstone, pale red (5R 6/2), sparse 
grayish-yellow (5Y 8/4) mottling, 
weathering same colors, fine to me
dium grained, fair sorted; composed 
of subangular to subrounded clear 
quartz, common black accessory min
erals; poorly cemented, calcare.ous in 
places; composed of horizontal lami
nae and subordinate thin to thick 
trough sets of very low angle medium
scale cross-laminae, some parts ap
pear structureless; weathers to form 
vertical cliff. Unit contains a few (5 
percent) lenses of sandstone that con-
tain abundant grayish-red (lOR 4/2) 
claystone or siltstone pellets ............. . 

Total of Springdale Sandstone 
Member ....................... : ................... . 

Whitmore Point ( ?) Member: 
17. Siltstone to sandstone, grayish red (lOR 

4/2 and 5R 4/2), pale red (lOR 6/2), 
light brownish gray (5YR 6/1), and 
minor light greenish gray (5GY 8/1) 
to dark greenish gray (5GY 4/1), 
weathering same colors, ranges from 

138.0 

138.0 
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Moenave Formation-Continued 
Whitmore Point ( ?) Member-Continued 

fine siltstone to very fine grained 
sandstone. Sandstone, is well sorted 
and composed of subangular to sub
rounded clear quartz and abundant 
black and green accessor~ minerals. 
Siltstone to sandstone is firmly ce
mented, calcareous; composed of hori
zontal laminae and minor very thin 
to thin horizontal beds, sparse thin 
trough sets of low-angle small-scale 
cross-laminae; weathers to form steep 
ledgy slope. Unit is composed of a 
complexly interstratified sequence of 
very thin to very thick sets and cosets 
each of which has a homogeneous 
lithologic character differing slightly 
from tha.t of the underlying or over
lying set or coset ----------------------------------

16. Silty sandstone, light brownish gray 
(5YR 6/1) and sparse yellowish gray 
(5Y 8/1), weathering same colors, 
very fine grained, well sorted; com
posed of subrounded clear quartz, 1 
to 2 percent fine-grained dark-green 
mica; poorly cemented, calcareous; 
mostly structureless ; some suggestion 
of horizontal laminae and possibly 
some low-angle cross-laminae, weath
ers to form light-colored ledge ----------

15. Siltstone type 1 (60 percent) and silt
stone type 2 ( 40 percent). Type 1, 
dark greenish gray (5GY 4/1) and 
minor pale olive (lOY 6/2) and gray
ish red (lOR 4/2), weathering same 
colors; common very fine grained ac
cessory white mica in places; firmly 
to well cemented, noncalcareous; hori
zontally laminated to thick bedded. 
Type 2, light greenish gray ( 5GY 
8/1), pale olive (lOY 6/2), light 
brown (5YR 6/4), pale yellowish 
brown (lOYR 6/2), sparse dusky yel
low (5Y 6/4), weathering same col
ors, coarse silt; well cemented, slightly 
calcareous in parts; horizontally lami
nated, ripple laminated, possibly some 
small-scale cross-strata. Type 2 silt
stone is present as thin to thick sets 
interstratified with type 1 siltstone. 
Unit as whole weathers to form steep 
ledgy slope. Base of unit sharp and 
marks prominent color change, which 
can be seen at a distance --------------------

Total of Whitmore Point ( ?) 

Member --------------------------------------------

Dinosaur Canyon Member: 
14. Silty claystone to siltstone (60 percent) 

and siltstone ( 40 percent). Silty clay
stone to siltstone, grayish red (lOR 
4/2), sparse pale reddish brown (lOR 
5/4), weathering same colors; sparse 

Feet Moenave Formation-Continued 
Dinosaur Canyon Member-Continued 

very fine g-rained accessory white 
mica; firmly cemented, noncalcareous; 
horizontally laminated to thin bed
ded. Siltstone, light brown (5YR 6/4) 
and sparse pale reddish brown (lOR 
5/ 4), weathering. same colors, coarse 
silt; firmly cemented, slightly calcar
eous; horizontally and ripple lami
nated, common thin trough sets of 
small- to medium-scale low-angle 
cross-laminae. Unit as whole weath
ers to form steep slope. Siltstone is 
present as very thin to thick sets 
interstratified with silty claystone to 
siltstone. One 5-ft set of grayish-red 
( 5R 4/2) very fine horizontally lami
nated silty sandstone is present about 

97.2 % of the way up in the unit. One 
thin siltstone bed contains stringers 
of coarse grains composed chiefly of 
quartz ---·-------------------·--·----------------·----------

13. Sandy siltstone to silty sandstone, light 
brown (5YR 6/4) and pale reddish 
brown (lOR 5/4), common yellowish
gray (5Y 8/1) mottling, weathering 
same colors, grades from siltstone con
taining minor amounts of very fine 
sand to sandstone with minor silt, well 

17.9 sorted; composed of subrounded clear 
and amber-stained quartz and com
mon black accessory mineral; poorly 
cemented, slightly calcareous; irregu
larly horizontally laminated or possi
bly ripple laminated, laminae may be 
slightly contorted. Unit weathers to 
form prominent smooth surfaced and 
rounded cliff near base of Moenave 
Formation ----------------------------------------------

12. Siltstone to sandstone, light brown 
(5YR 6/4), pale reddish brown (lOR 
5/4) to dark reddish brown (lOR 3/4) 
and sparse grayish red (5R 4/2) and 
very pale orange (lOYR 8/2), weath
ering same colors. Grades from fine 
siltstone to very fine grained sand
stone. Sandstone is well sorted and 
composed of subrounded clear, sub
ordinate amber-stained quartz, and 
common black accessory mineral. Silt
stone to sandstone is firmly to well 
cemented, calcareous in places; hori
zontally laminated to thin bedded, or 

35.7 rarely ripple laminated; commonly 
contains irregular bedding that may 

150.8 be contorted ripples. Unit weathers 
to form steep slope. Some of the 
sandstone contains from 1 to 10 per
cent medium to coa!'se subangular to 
rounded clear quartz and subordinate 
red and orange grains --------------------------

Total of Dinosaur Canyon Member 

Feet 

159.4 

40.0 

36.8 

236.2 

""' 
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Moenave Formation-Continued 
Total of Moenave Formation ......... . 

Chinle Formation: 
Petrified Forest Member: 

11. Silty claystone and subordinate silt
stone, pale red purple (5RP 6/2) and 
grayish red purple (5RP 4/2), com
mon light greenish gray ( 5GY 8/1) 
mottling, weathering same colors, 
swelling clays in places; firmly ce
mented, noncalcareous; structureless; 
weathers to form frothy-surfaced 
slope. Unit contains common light
greenish-gray (5GY 811) and pale
red-purple (5RP 6/2) dense limestone 
nodules. These limestone nodules aver
age 2 to 3 in. in diameter but are as 
much as 1 ft in diameter; they gen
erally comprise only a few percent of 
the rock, but in a 10-ft layer about 
20 ft below top of unit, the limestone 
nodules constitute about 50 percent 
of the rock ............................................. . 

10. Sandstone, pale red purple (5RP 6/2) 
and subordinate yellowish gray (5Y 
8/1), colors mottled, weathering same 
colors, fine to medium grained, fair 
sorted; composed of angular to sub
angular clear and milky quartz and 
15 percent orange grains, abundant 
dark-green accessory mica; well ce
mented, slightly calcareous in parts; 
composed of thin trough and planar 
sets of small- to medium-scale low
angle cross-laminae; weathers to form 
ledge ....................................................... . 

9. Clayey siltstone, grayish red (lOR 4/2), 
weathering same color; swelling clays, 
common very fine grained white mica; 
firmly to well cemented, noncalcare
ous; horizontally laminated to thinly 
bedded; weathers to form reentrant 

8. Sandstone to pebbly sandstone, very 
pale orange (lOYR 8/2) and sparse 
pale red purple (5RP 6/2), weather
ing pinkish gray (5YR 8/1), medium 
to very coarse grained, fair sorted; 
composed of subangular to subrounded 
clear quartz and 15 percent orange 
grains, sparse green accessory grains; 
firmly to well cemented, noncalcare
ous; composed of thin trough and 
wedge planar sets o:f small- and me
dium-scale low-angle cross-laminae; 
weathers t8 form ledge. Unit contains 
disseminated granules and pebbles of 
white, green, and red chert and to a 
lesser extent of quartz and quartzite. 
Granules and pebbles average about 
% in. in medial diameter but are as 
much as 3lh in. in maximum diam
eter. Granules and pebbles comprise 
about 5 percent of unit ....................... . 

Feet 

525.0 

131.3 

10± 

4.0 

15.0 

Chinle Formation-Continued Feet 

Petrified Forest Member-Continued 
7. Siltstone (90 percent) and sandstone 

(10 percent). Siltstone, grayish red 
(lOR 4/2) and sparse grayish purple 
( 5P 4/2), weathering same colors; 
common very fine grained accessory 
white mica, contains some swelling 
clays; firmly cemented, noncalcareous, 
structureless. Sandstone, grayish red 
purple ( 5RP 4/2) and yellowish gray 
(5Y 8/1), colors mottled, weathering 
same colors; fine grained, well sorted; 
composed of subangular clear quartz, 
10 percent orange grains, 5 percent 
green grains, and common dark-green 
accessory mica; well cemented, 
slightly calcareous; present as thin to 
very thin horizontal beds interstrati
fied with siltstone. Sandstone is pres
ent mostly in lower half of unit. Unit 
as whole weathers to form steep slope 
and is covered except in a gully ........ 19.4 

6. Claystone to clayey siltstone, greenish 
gray (5GY 6/1), medium gray (N 5), 
and grayish red (5R 4/2), common 
pale-yellowish-orange (10YR 8/6) 
mottling, weathering light greenish 
gray (5GY 8/1) and pale purple (5P 
6/2) ; swelling clays; firmly cemented, 
noncalcareous; stratification con
cealed; weathers to form frothy-sur-
faced badlands ...................................... 19.5 

5. Sandstone, pale red (5R 6/2), weather
ing same color, very fine to fine 
grained, fair sorted; composed of 
subangular clear and amber-stained 
quartz, 10 percent orange grains, and 
abundant coarse-grained accessory 
dark and white mica; well cemented, 
slightly calcareous; horizontally lami
nated to very thin bedded, subordinate 
thin trough sets of medium-scale 
cross-laminae; weathers to form dip 
slope on east side of hogback in mid
dle of Chinle Formation. Top 3 ft of 
unit locally contains grayish-red (5R 
4/2) ripple-laminated silty very fine 
grained sandstone. Unit intertongues 
with overlying unit. Thickness of unit 
estimated and could possibly be as 
thin as 3 ft or as thick as 10 ft ........ 5.0± 

4. Claystone to siltstone, greenish gray 
(5GY 6/1) and grayish red purple 
(5RP 4/2), weathering light greenish 
gray (5GY 8/1); probably mostly 
swelling clays; poorly cemented, cal
careous; stratification concealed; 
weathers to form frothy-surfaced 
slope along hogback in middle of 
Chinle Formation .................................. 22.2 

3. Sandstone, pale red (lOR 6/2), weath-
ering same color, fine to medium 
grained, fair sorted; composed of 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

subangular clear and amber-stained 
quartz and 2 to 3 percent coarse
grained dark mica; firmly cemented, 
calcareous; composed of thin trough 
and planar sets of medium-scale low
angle cross-strata and subordinate 
very thin horizontal beds. Unit weath
ers to form ledge ----------------------------------

2. Silty claystone to siltstone (80 percent) 
and clayey sandstone (20 percent). 
Silty claystone to siltstone, light 
greenish gray (5GY 8/1) (70 per..., 
cent), light gray (N 7), and grayish 
red (5R' 4(2 and lOR 4/2), weather
ing same colors; mostly swelling 
clays; firmly cemented, calcareous in 
parts; stratification concealed. Clayey 
sandstone, light greenish gray ( 5GY 
8/1), weathering same color, fine to 
medium grained, poorly sorted; com
posed of angular to subangular milky 
quartz, 5 percent orange grains, and 
5 percent dark-green mica; poorly ce
mented, calcareous and clay binding; 
stratification concealed. Unit weath
ers to form frothy-surfaced slope. 
Parts of unit poorly exposed. Middle 
of unit contains a 10-ft set of hori
zontally laminated, micaceous, platy 
splitting siltstone which contains 
sparse fairly well preserved carbon
ized plant remains --------------------------------

Total of Petrified Forest Member 

Shinarump Member: 
1. Sandstone (95 percent) to conglomerate 

(5 percent), very pale orange (lOYR 
8/2) and grayish orange ( lOYR 7 I 4), 
weathering same colors. Sandstone, 
fine to very coarse grained, fair 
to poorly sorted; composed of angu
lar to subrounded clear and milky 
quartz and sparse black accessory 
minerals, common interstitial clays; 
firmly to poorly cemented, calcareous, 
some limonite ( ?) cement; composed 
of thin trough and planar sets of 
small- and medium-scale cross-strata 
and thin to thick horizontal beds. Con
glomerate, grades to conglomeratic 
sandstone; composed of granules, peb
bles, and ··sparse cobbles of reddish, 
white and gray quartz, quartzite, and 
chert in a matrix of sand similar to 
that in sandstone part of unit. Gran
ules and pebbles are in thin to thick 
lenses of conglomerate and are also 
scattered irregularly in the sandstone. 
Largest cobble noted was 3 in. in 
maximum diameter. Unit weathers to 
form vertical cliff in lower part and 
long dip slope in upper part. Base of 

Feet 

13.9 

162.2 

402.5 

Chinle Formation-Continued 
Shinarump Member-Continued 

unit not exposed. Thickness of unit 
difficult to measure because of high 
dip and long dip slope. Thickness 
might be in error by 10 percent. Unit 
contains common silicified logs ......... . 

Total of Shinarump Member ......... . 

Total of Chinle Formation ............. . 
Moenkopi Formation, top part covered. 
Base of section; not base of exposure. Base of sec

tion is N. 55o E. of place where U.S. Highway 91 
crosses Taylor Creek and S. 49° E. of junction of 
U.S. Highway 91 and New Harmony road. Section 
measured along an east-trending line. 

U-23. FOSSIL WOOD WASH 

Feet 

82± 

82± 

484.5 

Measured 17 miles southwest of Paria, Utah, at Petrified 
Forest, sees. 34 and 35, T. 42 S., R. 4 W., and sec. 2, T. 
43 S., R. 4 W., SLM, Kane County 

[Measured by L. C. Craig and T. E. Mullens, May 1952] 

Top of section; top of accessible exposure. Feet 

Moenave Formation (incomplete): 
Springdale Sandstone Member (incomplete) : 

34. Sandstone (60 percent) and silty to 
sandy claystone ( 40 percent). Sand
stone, moderate reddish orange (lOR 
6/6) to pale reddish brown (lOR 
5/ 4), very fine to fine grained, well 
sorted; composed of subangular clear 
quartz with common mica flakes, other 
accessory minerals masked; subhori
zontally bedded with fine- to medium
scale cross-laminae and horizontal to 
ripple laminae. Claystone similar to 
claystone in unit 30. Claystone pre
dominates in lower half, sandstone in 
upper half. Lower part of unit forms 
steep ledgy slope, upper part a ledgy 
cliff. Fish plates occur in middle of 
unit ----------------------------------------------------------

33. Sandstone, similar to that in unit 30 
except clay partings are missing. 
Units 31, 32, and 33 form prominent 
cliff ___ ----------------- ................ ------------------ ... . 

32. Sandstone, pale-red (5R 6/2), medium
grained; composed of clear quartz, 
accessory minerals masked; abundant 
interstitial clay and grayish red clay 
pellets; poorly cemented, noncalcar-
eous ··--·--·······--·--·--------······························ 

Total of incomplete Springdale 
Sandstone Member ····---------·-·······--

Dinosaur Canyon Member: 
NoTE.- Contact of Dinosaur Canyon and 

Springdale Sandstone Members 
not certain. Unit 31 may be part 
of Springdale. 

31. Sandstone (80 percent) and siltstone 
(20 percent). Sandstone, moderate 
reddish brown (lOR 4/6) to moderate 
reddish orange (lOR 6/6), similar 

97.5 

29.0 

2.0 

128.5 
--

~. 

~ 

.. 

)1.. 

... J 

~ 

... · 
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Moenave Formation (incomplete)-Continued 
Dinosaur Canyon Member-Continued 

texture and composition to sandstone 
in unit 30; parallel to ripple lami
nated. Siltstone, pale reddish brown 
(lOR 4/4), minor dusky red (5R 3/4). 
Siltstone forms partings 2 to 6 in. 
thick separating horizontal to gently 
lensing beds of sandstone 1 to 4 ft 
thick. Abundant and prominent mud 
cracks occur in siltstone and are filled 
with sand. Mud cracks about 6 in. 
deep· ......................................................... . 

30. Sandstone (60 percent) and claystone 
( 40 percent). Sandstone, moderate 
reddish orange (lOR 6/6), moderate 
reddish brown (lOR 4/6), streaks and 
mottles of pale greenish yellow (lOY 
8/2), very fine grained, well sorted; 
composed of angular to subangular 
clear quartz, common black acces
sory minerals; horizontally bedded 
(6-in. to 3-ft beds) with abundant 
cuspate ripple marks. Claystone, vari
ably silty to sandy, grayish red (5R 
4/2) and moderate reddish brown 
(lOR 4/6), fissile to earthy weather
ing. Lithologies gradational. Sand
stone forms ledges in earthy slope. 
Banded Butte due south of base of 
unit ......................................................... . 

Section offset so that OVln·lying units mea
SU'red about -!12 mile west of underlying 
units. 

29. Sandstone, similar to· unit 27. Capped 
by a llh-ft white sandstone. Unit 
forms cliff with two ledges and is 
exposed at head of gully ................... . 

28. Claystone, silty to sandy (fine-grained), 
moderate reddish brown (lOR 4/6), 
light-green mottles, contains abun
dant biotite flakes, hackly to earthy· 
weathering, forms steep slope ........... . 

27. Sandstone, moderate-reddish-orange 
(lOR 6/6) to moderate-reddish-brown 
(lOR 4/6), very fine grained; com
posed of clear and amber-stained 
quartz with common black accessory 
minerals, moderate cement. Unit is 
sequence of parallel beds 6 in. to 6 ft 
thick containing ripple laminae and 
small-scale cross-laminae. Unit forms 
steep cliff locally. Top 15 ft of unit 
forms double ledge capping talus 
slope. Unit capped by a 6 in. white 
sandstone bed ....................................... . 

26. Claystone, moderate-reddish-brown 
(lOR 4/6), slightly silty; hackly 
weathering; forms moderate-reddish-
brown earthy slope ............................. . 

25. Sandstone, very pale orange (lOYR 
8/2), mottle.d with pale-reddish-brown 
(lOR 5/4) streaks, very fine grained; 

Feet 

26.0 

72.6 

29.0 

27.3 

37.6 

9.4 

Moenave Formation (incomplete) -Continued 
Dinosaur Canyon Member-Continued 

composition same as unit 24. Forms 
blocky capping ledge over unit 24 .... 

24. Sandstone, yellowish gray (5Y 8/1) 
and very pale orange (lOYR 8/2), 
very fine grained with disseminated 
medium and coarse grains, poorly 
sorted; composed of clear quartz with 
abundant red, orange, and black ac
cessory minerals; poorly cemented, 
noncalcareous; structures masked; 
forms prominent white band at base 
of orange cliff ....................................... . 

. 23. Sandstone, moderate-reddish-brown 
(lOR 4/6), very fine grained to silty, 
poorly sorted; composed of clear and 
amber-stained quartz, accessory min
erals masked; horizontally ~o ripple 
laminated; shaly to earthy weather-
ing; forms earthy slope ..................... . 

22. Sandstone, conglomeratic at base, very 
pale orange (lOYR 8/2), weathers 
grayish orange pink (6YR 7 /2), very 
fine and coarse grained, poorly sorted; 
composed of clear quartz (some coarse 
well-rounded and frosted grains) and 
red, green, and black accessory min
erals; thinly bedded and laminated, 
some ripple marks; forms small len-
ticular ledge ......................................... . 

Total of Dinosaur Canyon Member 
Total of incomplete Moenave 

Formation ..................................... . 

Chinle Formation: 
Petrified Forest Member: 

21. Sandstone (80 percent) and claystone 
(20 percent). Sandstone, pale red to 
grayish red, streaks of light greenish 
gray, fine to medium grained, fair 
sorted; composed of clear quartz with 
a~undant biotite flakes and red, green, 

. · ancf black accessory minerals. Clay
stone,· s"ilty to sandy (fine-grained), 
moderate reddish brown (lOR 4/6). 
Claystone forms indistinct cap of 
unit. Uriit weathers to a grayish-pink 
( 5R 8/2) steep slope ........................... . 

20. Claystone, slightly silty to moderately 
sandy, pale reddish brown (lOR 5/4), 
weathers same color; sand grains of 
clear quartz, abundant black, green, 
and orange accessory minerals, black 
mineral probably biotite; earthy to 
frothy weathering; forms steep slope 

19. Gypsum, white, coarsely crystalline, 
fibrous in places, fairly persistent bed 

18. Sandstone, grading upward to sandy 
claystone and silty claystone. Sand
stone, pale red (lOR 6/2), very fine 
to medium grained, poorly sorted; 
composed of clear quartz, abundant 

259 

Feet 

0.4 

3.7 

11.4 

3.3 

220.5 

349.0 

37.8 

31.0 

.2 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

green, orange, and black accessory 
minerals; contains granules and peb
bles of red claystone as large as 1f2 
in. at base; locally calcareous and 
well cemented, but mostly poorly ce
mented. Claystone, moderate reddish 
brown. (lOR 4/6), earthy weathering 

17. Claystone, grayish red (lOR 4/2), pale 
reddish brown (lOR 5/ 4), light green
ish gray (5G 8/1), and greenish gray 
(5GY 6/1) in roughly parallel bands 
with gray and purple the dominant 
color; variably silty and sandy, sand 
grains up to medium grained; hackly 
to frothy weathering; forms very 
steep frothy, slope .. Color. bands gently 
lenticular. Basal 160 ft contains more 
purple colors; common limestone nod
ules and local carnelian in the upper 
part of the 160 ft. The upper part of 
the unit has a more reddish-brown 
tint than the basal part ..................... . 

16. Silty claystone, grayish-red (lOR 4/2) ; 
frothy weathering; forms a persis-
tent distinctive band ........................... . 

15. Silty claystone, greenish gray (5GY 
6/1), mottled grayish red (lOR 4/2) 
along fractures; frothy weathering .... 

14. Sandstone, similar to unit 12 except 
contains more interstitial clay, is a 
very lenticular bed, and does not 
form a prominent ledge ....................... . 

13. Claystone, silty and sandy (fine
grained), grayish red purple ( 5PR 
4/2), weathers grayish red (5R 4/2) ; 
hackly to frothy weathering; forms 
lenticular parting between units 12 
and 14 ..................................................... . 

12. Sandstone, yellowish gray (5Y 8/1) to 
grayish orange pink (lOR 8/2), 
weathers pinkish, fine to very fine 
grained, poorly sorted; composed of 
subangular clear quartz, abundant 
orange and sparse red and green ac
cessory minerals, slightly calcareous, 
abundant interstitial clay; bedding 
indistinct, lenticular cross-laminated 
sets; weathers to smooth rounded cliff 
with lower part steeper and more 
resistant than upper part ................. . 

11. Claystone, variegated, silty and slightly 
sandy (very fine grained)~ Colors 
range from light gray (N 7) to me
dium dark gray (N 4) with thin 
bands of grayish red (lOR 4/2) and 
grayish red purple (5RP 4/2). 
Slightly hackly to deep frothy weath
ering. Unit forms steep slope under 
sandstone ledge of overlying unit .... 

Section offset, so that ove1·lying units were 
measured starting 200 yd west of where 
unit 10 was measured. 

·Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

10. Claystone, slightly silty in lower half, 
very silty and sandy in upper half, 
grayish red purple (5RP 4/2) and 
grayish red (lOR 5/2) interbanded, 
minor greenish-gray mottling; hackly 
to frothy weathering in lower half, 

38.7 earthy weathering in upper half ..... . 
9. Claystone, slightly silty, very light gray 

(N 8) to medium light gray (N 6) ; 
hackly to frothy weathering, much 
reddish iron staining along fractures 
in lower two-thirds of unit and a 
concentration of red color about 10 ft 
above base. Unit forms a prominent 

·white band ............................................. . 
8. Claystone, silty, grayish red (lOR 4/2 

and 5R 4/2), weathering pale reddish 
brown (lOR 5/4); hackly.weather
ing; conchoidal fracture; forms 
prominent band near foot of slope .... 

7. Claystone, silty and slightly sandy (up 
204.4 to coarse grained), grayish purple 

(5P 4/2); frothy weathering. Lateral 
to section unit contains clayey sand-

3.8 stone at top, but on line of section 
sand occurs only as disseminated 
grains. Sparse light-greenish-gray 

5.0 mottles. Unit forms base of varie
gated slope on east side of the wash 

6. Covered. Forms flat surface ................. . 
5. Sandstone and minor amounts of clay-

20.0 stone. Sandstone, very clayey, pale 
red purple (5RP 5/2) to grayish 
orange pink ( 5YR 7 /2), weathering 
grayish orange pink (5YR 7/2), very 
fine to coarse gra~ned with sparse 
granules, poorly sorted; composed of 

2.4 subangular quartz with uncommon 
pink and gray accessory minerals. 
Sand grains in matrix of grayish
orange-pink (5YR 7 /2) to grayish
red clay. Sandstone poorly cemented, 
noncalcareous; weathers to earthy 
frothy slope. Claystone, grayish pur
ple ( 5P 4/2), silty; hackly weather
ing. Unit forms small knob at road .... 

4. Claystone, silty to slightly sandy (as 
coarse as fine grained), greenish gray 
( 5GY 6/1) to dusky yellow green 

33.1 (5GY 5/2), weathers very light gray 
(N 8) to grayish yellow green (5GY 
7 /2) ; frothy weathering; forms low 
badlands on flat surface. At top of 
unit is horizon of silicified trees. Trees 
are mainly light gray, weather tan, 
and contain well preserved struc
tures. Largest tree observed is 33 ft 
long and 13 in. in diameter. This 

47.6 fossil-wood horizon is persistent in 
line of section ....................................... . 

3. Claystone, silty to sandy (fine-grained), 
light greenish gray ( 5GY 8/1) 

Feet 

11.2 

15.6 

17.0 

10.4 
3.0 

13.2 

13.8 

,.: 

't 

. ...... 



IY· 

)• 

STRATIGRAPHIC SECTIONS- UTAH 261 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

(weathering very light gray (N 8)) 
in lower half, grayish red (lOR 4/2) 
(weathering dark reddish brown (lOR 
3/ 4)) in upper half. Clay is slightly 
fissile; earthy to frothy weathering. 
.'fhe upper red part is covered with a 
rubble of grayish-brown (5YR 3/2) 
very fine grained calcareous concre-
tions of irregular shapes and as large 
as 1% in. in diameter ......................... . 

Total of Petrified Forest Member 

Shinarump Member: 
2. Sandstone, slightly conglomeratic, yel

lowish-gray (5Y 8/1), very fine to 
coarser-grained, mainly coarse
grained, poorly sorted; composed of 
angular to well-rounded quartz, com
mon black and pink accessory 
minerals. Basal 2 ft and top 1 ft 
moderately calcareous and form 
ledges. Middle part is poorly exposed 

. but contains pebbles as large as 2 in. 
in diameter of gray to tan quartzite, 
of black, tan, and light-red chert, and 
to a lesser extent of white quartz. 
Thin ledges suggest scour-type bed
ding. Small-scale cross-laminations 
present in ledges. Base of Shinarump 
exposed in wash. Top ledge caps a 
small hill on bank of wash. Unit 
poorly exposed ..................................... . 

Total of Shinarump Member ......... . 

Total of Chinle Formation 

Moenkopi Formation (incomplete): 
Upper red member (incomplete) : 

1. Claystone, silty and slightly sandy, very 
dusky red (lOR 2/2), grading upward 
to grayish yellow green (5GY 7 /2), 
slightly fissile, earthy weathering. 
Section measured in wash and through 
place called Petrified Forest on cen
tral Kane County map of Gregory 

Feet 

10.8 

519.0 

8.4 

8.4 

527.4 

(1948) .................................................... 3.3 

Total of incomplete upper red 
member............................................ 3.3 

Base of local exposure. 

U-24. PARIA 
Measured generally N. 42° W. up promontory about 2 miles 

N. 80° W. of abandoned town of Paria, sec. 14, T. 41 S., 
R. 2 W., SLM, Kane County 

[Measured by J. H. Stewart, October 1954] 

Top of section; top of exposure. Section ends at flat 
at top of cliffs. 

Kayenta Formation (incomplete) : 
27. Sandstone, very pale orange (lOYR 

8/2), weathering same color, fine 
grained, well sorted; composed of 
rounded clear quartz and sparse black 
accessory minerals; poorly cemented, 

Kayenta Formation (incomplete) '""""-Continued Feet 

slightly calcareous; composed of thin 
to very thick (as much as 10 ft) 
trough and planar sets of small- to 
large-scale cross-laminae; weathers 
to form slope with many conspicuous 
ledges. About 15 percent of unit is 
composed of strata similar to those 
in the underlying two units. These 
strata are· present as thick to very 
thick (probably as much as. 15 ft) 
cosets interstratified with the rest of 
the unit. Many of these strata con-
tain abundant (as much as 30 per-
cent) reddish siltstone granules to 
pebbles. Unit is transitional between 
the Kayenta Formation and theN ava-
jo Sandstone. Cross-stratified sand-
stone strata may be tongues of the 
Navajo Sandstone. Unit approxi-
mately 200 ft thick, and 1 mile south-
west of line of section is overlain by 
large-scale cross-stratified sandstone 
typical of the Navajo Sandstone .... Unmeasured 

26. Sandstone, pale red (lOR 6/2 and 5R 
6/2) and minor amounts of grayish 
orange (lOYR 7/4), weathering pale 
red (5R 6/2), grayish orange (lOR 
7/4), and very pale orange (lOYR 
8/2), dominantly fine grained; weath
ers to form ledgy slope; otherwise 
similar to underlying unit. Sets con
taining abundant reddish granules to 
cobbles of siltstone occur commonly 
in unit .................................................... 57.7 

Total of incomplete Kayenta 
Formation ...................................... 57.7 

Moenave Formation: 
Springdale Sandstone Member: 

25. Sandstone, pale reddish brown (lOR 
5/4), moderate reddish orange (lOR 
6/6), and minor amounts of pale red 
(5R 6/2 and lOR 6/2), weathering 
light brown (5YR 6/4) and pale 
reddish brown (lOR 5/4), very· fine 
grained, well sorted; composed of 
subangular amber quartz and sparse 
black accessory minerals; poorly to 
firmly cemented, calcareous; domi
nantly horizontally laminated, about 
10 percent is composed of thin to 
thick trough sets of small- to medium
scale cross-laminae, sparse thin planar 
sets of very low angle cross-laminae; 
massive splitting; weathers to form 
cliff containing many smooth and 
round ledges, forms most conspicuous 
cliff below that of unit 27. The sand
stone in many places contains disk
shaped coarse grains to pebbles of 
reddish siltstone. One thin set of 
dark-reddish-brown (lOR 3/4) silt
stone seen at 131 ft above base of 
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Moenave Formation-Continued 
Springdale Sandstone Member-Continued 

unit. Basal 2 ft of unit contains com
mon medium to very coarse rounded 
and frosted grains ------------------------------.--

Total of Springdale Sandstone 
Member --------------------------------------------

Dinosaur Canyon 1\iember:. 
24. Sandstone to siltstone (80 percent) and 

siltstone (20 percent). Sandstone to 
siltstone, pale reddish brown (lOR 
5/4) and light brown (5YR 6/4), 
weathering pale reddish brown (lOR 
5/4), mostly very fine grained sand
stone, silty in places, but commonly 
grades to sandy siltstone and silt
stone, fair sorted; sand is subangular 
and composed of amber quartz grains; 
poorly to firmly cemented, slightly 
calcareous; horizon tally lamina ted 
and cuspate ripple laminated; flaggy 
to massive splitting. Sandstone to silt
stone is. present as very thin to very 
thick sets interstratified with very 
thin to thick sets of siltstone. Silt
stone, pale reddish brown (lOR 5/4), 
weathering same; sandy (very fine 
grained) in parts; common very fine 
grained white mica; firmly cemented, 
calcareous; horizontally laminated. 
Sandstone to siltstone weathers to 
form flaggy to massive ledges sepa
rated by reentrants formed in silt
stone. To north of line of section 
entire unit weathers to form a vertical 
cliff. Meqium to coarse grains occur 
in the sandstone to siltstone in a few 
places ...... · ............................................... . 

23. Silty sandstone, pale reddish brown 
(lOR 5/4) to grayish red (lOR 4/2), 
weathering same colors, very fine 
grained, silty, fair sorted; firmly 
cemented, calcareous; seems to be 
mostly structureless but horizontal 
laminae visible in places; weathers 
to form slope or reentrant in cliff. 
Unit has sharp basal contact. Grades 
to sandy siltstone in places and con
tains abundant fine-grained accessory 
white mica in places ........................... . 

Total of Dinosaur Canyon Member 

Total of Moenave Formation ....... . 

Wingate ( ?) Sandstone (this unit is lithologically 
similar to, if not identical with, the Wingate 
Sandstone and is tentatively correlated with that 
formation) : 

22. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory minerals; poorly ce
mented, slightly calcareous; composed 

Feet 

151.8 

151.8 

108.0 

11.2 

119.2 

271.0 

Wingate ( ?) Sandstone-Continued 
of thin to thick (as much as 4 ft) 
planar and subordinate trough sets of 
small- and medium-scale (as large as 
4 ft) cross-laminae; massive split
ting, weathers generally to form 
vertical cliff. Unit contains sparse 
medium to very coarse grains as 
stringers along lamination planes in 
lower 15 ft. Top 2.0 ft of unit is 
light greenish gray (5GY 8/1) ......... . 

21. Sandstone, pale reddish brown (lOR 
5/4) and light greenish gray (5GY 
8/1), mottled, weathering same colors, 
very fine grained, abundant (20 per
cent) medium to very coarse gray, 
milky, and sparse orange rounded 
and frosted grains, fair sorted; firmly 
cemented, calcareous; composed of in
distinct horizontal very thin beds with 
slightly wavy boundaries; weathers 
to form cliff continuous with that of 
the overlying unit. Unit contains 
sparse ( 5 percent) angular very 
coarse grains to pebbles of siltstone 

Total of Wingate ( ?) Sandstone .... 

Contact of Chinle Formation and Wingate ( ?) Sand
stone sharp and even. Contact placed at lithologic 
and topographic break from reddish and purplish 
slope-forming siltstone and sandstone below to 
brownish cliff-forming sandstone above. Basal 1.0 
ft of Wi_ngate ( ?) contains light-colored streaks 
and abundant medium to very coarse grains. 

Chinle Formation: 
Petrified Forest Member: 

20. Siltstone, moderate reddish brown (lOR 
4/6), pale reddish brown (lOR 5/4), 
and grayish red ( 5R 4/2), weather
ing pale reddish brown (lOR 5/4) 
and moderate pink ( 5R 7 I 4), other
wise similar to unit 18. Thin lenticu
lar unit of sandy siltstone occurs at 
30.5 ft above base of unit. This sandy 
siltstone contains about 30 percent 
very coarse grains of siltstone. Top 
7.3 ft of unit is grayish red (5R 4/2) 
and is sandy (very fine grained). This 
top 7.3 ft appears to be ripple lami-
nated ...................................................... . 

19. Sandstone, pale red (lOR 6/2), gray
ish orange (lOYR 7/4), and sub
ordinate light greenish gray ( 5GY 
8/1), weathering pale red (lOR 6/2), 
very fine grained, well sorted; com
posed of subangular clear and milky 
grains, common medium-grained ac
cessory dark-green mica; firmly ce
mented, calcareous; composed of thin 
trough sets of small-scale cross-lami
nae; stratification partly concealed; 
weathers to form small ledge. Com
mon seams of gypsum cutting across 
unit ......................................................... . 

Feet 

68.5 

1.0 

69.5 

37.1 

4.8 
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STRATIGRAPHIC SECTIONS- UTAH 

Chinle Fvrmation-Continued 
Petrified Forest Member-Continued 

18. Clayey siltstone, moderate reddish 
brown (lOR 4/6), weathering pale 
reddish brown (lOR 5/4); firmly 
indurated, slightly calcareous; struc
tureless; fractures into angular frag
ments; weathers to form earthy slope. 
Unit does not appear to be bentonitic. 
Unit is somewhat similar to strata 
of the Church Rock Member of the 
Chinle Formation ................................. . 

17. Sandstone, pale-red (lOR 6/2) and light
greenish-gray (5GY 8/1) mottled, 
weathering same colors, fine grained, 
fair sorted; composed of subangular 
clear quartz and milky grains, com
mon medium-grained accessory white 
mica; poorly cemented, calcareous; 
composed of thin to thick trough and 
planar sets of small- and medium
scale cross-laminae; weathers to form 
steep bare slope ..................................... . 

16. Silty claystone, grayish red (5R 4/2) 
and subordinate pale red purple (5RP 
6/2), weathering pale red (5R 6/2); 
swelling clays; firmly indurated; 
structureless; weathers to form 
frothy-surfaced slope ........................... . 

15. Sandstone, pale greenish yellow (lOY 
8/2), grayish red (5R 4/2 and lOR 
4/2), weathering pale red (lOR 6/2), 
fine to medium grained, poorly sorted; 
composed of angular clear quartz, 
milky grains, and sparse orange and 
green grains, common accessory dark 
mica; poorly indurated, noncalcare
ous; no stratification seen; weathers 
to form steep slope. Unit contains 
several (5 percent) thin intervals of 
grayish-red ( 5R 4/2) claystone to 
silty claystone interstratified with the 
rest of the unit ................................... . 

14. Claystone, silty in places, variegated, 
grayish red (5R 4/2), dark reddish 
brown.(lOR 3/4), pale reddish brown 
(lOR 5/4) 1 grayish red (lOR 4/2), 
minor dusky yellow (5Y 6/4) and 
grayish yellow green (5GY 7 /2), 
one conspicuous thick interval of 
dusky yellow (5Y 6/4), weathering 
pale red (lOR 6/2) and grayish yel
low ( 5 Y 8/4) ; swelling clays; firmly 
cemented; structureless; weathers to 
form frothy-surfaced slope. Unit 
forms conspicuous light-colored inter
val in Chinle, easily seen on distant 
exposures ............................................... . 

13. Sandstone, pale reddish brown (lOR 
5/4) and pale red (lOR 6/2), weath
ering pale reddish brown (lOR 5/4), 
very fine to fine grained, fair sorted; 
composed of subangular milky, amber, 
and black grains, common medium- to 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

coarse-grained dark mica;· firmly ce
mented, slightly calcareous; horizon
tally thinly laminated to laminated; 
weathers to form steep slope. Unit in 
top 10 ft grades to siltstone. One 
medium-scale cross-stratified set seen 
at about 8 ft above base ..................... . 

12. Limestone-grain sandstone to limestone 
pebble conglomerate, grayish purple 

10.4 (5P 4/2) and brownish gray (5YR 
4/1), weathering pale brown (5YR 
5/2), composed of medium grains to 
pebbles of limestone, very fine to me
dium milky quartz ( ?) grains, and 
interstitial clay ( 40 percent), poorly 
sorted; poorly cemented; crudely hori
zontally laminated; weathers to form 
slope. Lens-shaped pebbles and cob
bles of pale-reddish-brown (lOR 5/4) 
silty claystone are common in unit .... 

19.5 11. Sandstone, grayish orange pink (5YR 
7 /2), weathering same color, very fine 
to fine grained, fair sorted; composed 
of subangular clear, milky, and am
ber grains, abundant fine- to medium
grained dark mica; poorly cemented, 

20.2 slightly calcareous; horizontally thinly 
laminated to laminated; weathers to 
form slope. Light-greenish-gray (5GY 
8/1) spots are abundant in unit ....... . 

10. Claystone, moderate red (5R 4/6), 
dusky red (5R 3/4), pale reddish 
brown (lOR 5/4), grayish red (5R 
4/2) 1 and grayish red purple · (5RP 
4/2), weathering same colors; firmly 
indurated; structureless; ·horizontal 
color bands suggest horizontal strati
fication; weat.hers to form · frothy
surfaced slope. Limestone nodules are 
present rarely. Thin layers of lime-

41.4 stone nodules occur at 42 ft above 
base of unit and at top of unit ....... . 

9. Claystone, pale red purple ( 5RP 6/2) , 
abundant light-greenish-gray ( 5GY 
8/1) mottling, light greenish gray 
increases in content. upward and 
forms 50 percent of the ·upper third 
of the unit, weathering pinkish gray 
(5YR. 8/1), limy throughout,·top 0.5 
ft of unit contains abundant lime
stone nodules and lenses several feet 
long; firmly to well cemented, calcar
eous; structureless; weathers to form 
slope. Unit forms persistent. white 
band easily seen on cliffs apout 2 

68.7 miles east and 1.5 miles south of line 
of ·section .. Two p~lecypods about % 
in. across seen in cross ·section in lime-
stone nodule. at top of unit ....... , ....... . 

8. Claystone, dominantly greenish gray 
(5GY 6/1) and light greenish gray 
(5GY 8/1) in lower half and pale 
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Feet 

63.8 

4.0 

2.5 

65.1 

8.4 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

reddish brown (lOR 5/4) and mod
erate red (5R 4/6) in upper half, 
but ·colors are variegated throughout, 
and unit contains sparse (5 percent) 
·pale red purple (5RP 6/2) through
out, weathering same colon but in 
lighter values; swelling clays; well 
cemented; color bands probably re
flect bedding, color bands generally 
from 5 to 20 ft thick; weathers to 
form frothy-surfaced slopes and bad
lands. Limestone nodules are common 
in a few thin layers ........................... . 

7. Sandstone, yellowish gray (5Y 8/1) and 
very light gray (N 8), weathering 
same colors, medium to coarse grained, 
fair sorted; composed of subangular 
to subrounded clear . quartz; poorly 
cemented, calcareous; composed of 
thin to thick trough and planar sets 
of small- to medium-scale cross-lami
nae; weathers to form most promi
nent ledge and bench in the Chinle 
Formation. Bottom 1 ft of unit con
tains many seams of carbonaceous 
material. Unit is discontinuous and 
may be present as lenses on distant 
exposures to east ................................. . 

6. Conglomeratic sandstone, yellowish gray 
(5Y 8/1) and grayish yellow (5Y 
8/4). Matrix, very fine to very coarse 
grains of subangular to subrounded 
clear quartz; clasts, rounded granules 
to pebbles as large as 1.5 in. in diam
eter of .white to black chert; one 
quartz pebble seen; chert pebbles 
commonly contain some fossil mate
rial.. Unit is poorly cemented, slightly 
calcareous; structureless; and weath~ 
ers with the overlying unit to form a 
cliff ......................................................... . 

5. Claystone to clayey sandstone, greenish 
gray (5GY 6/1), light greenish .gray 
(5GY 8/1), grayish red purple (5RP 
4/2), grayish red (5R 4/2), and yel
lowish gray (5Y .8/1), variegated, 
weathering same colors, grades from 
claystone to clayey very fine grained 
sandstone. Sandstone composed of 
subangular milky and subordinate 
orange and green grains and com
mon coarse-grained accessory dark
green mica. Sandstone is poorly 
cemented and has a slightly calcare
ous clay binding. Unit appears struc
tureless; exposures to north appear 
to have large-scale cross-strata. Unit 
as whole weathers to form slope ....... . 

4. Sandstone, light greenish gray ( 5GY 
8/1), weathering same color, fine to 
medium grained, fair sorted; com-

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

posed of subangular milky grains and 
10 percent orange and green min-
erals, abundant accessory medium-
to coarse-grained dark-green mica; 
poorly cemented, slightly calcareous; 
structureless; weathers to form whit-
ish-appearing slope ............................. . 

3. Claystone, greenish gray (5GY 6/1), 
medium light gray (N 6), and sub-
ordinate grayish red (lOR 4/2) (10 
percent) and grayish red purple (5RP 
4/2) (5 percent), variegated, weath-

155.2 ering mostly light greenish gray 
(5GY 8/1), claystone grading com
monly to siltstone and very fine 
grained sandstone; swelling clays; 
firmly indurated; structureless, some 
horizontal bedding planes; weathers 
to form frothy-surfaced slope. A con
spicuous sandstone about 1,500 ft to 
the northeast of line of section de-
velops out of the lower half of this 
unit ......................................................... . 

2. Claystone to clayey sandstone, grayish 
purple (5R 4/2) in lower 6 ft, and 
grayish red (5R 4/2) in rest of unit, 
weathering pale red purple (5RP 

22.9 6/2), claystone in basal 6 ft of unit 
grades upward into clayey very fine 
grained sandstone in upper part of 
unit. Sandstone composed of subangu-
lar grains of unknown composition 
and of sparse ·accessory medium-
to coarse-grained mica. Stratification 
is concealed. Unit weathers to form 
frothy-surfaced slope. Unit forms 
purplish and reddish band at base of 
Chinle. Contains swelling clays ....... . 

Total of Petrified Forest Member 

1.8 Total of Chinle Formation ........... . 

Contact of Chinle and Moenkopi sharp and placed at 
color and texture change. 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), weath

ering pale reddish brown (lOR 5/4); 
common very fine grained white mica; 
well indurated, noncalcareous; struc
tureless to thinly horizontally bedded; 
weathers to form earthy slope. Unit 
contains common thin light-colored 
bands. Abundant light-greenish-gray 

Feet 

23.2 

57.5 

20.4 

651.6 

651.6 

(5GY 8/1) mottling in top 0.4 ft .. Unmeasured 
Base of section; not base of exposure. 

U-25. BEARS EARS 
Measured up 'gully to the southwest of the Bears Ears and _up 

24.7 southwest side of eastern peak of the Bears Ears, sec. 30 
(unsurveyed), T. 36 S., R. 19 E., SLM, San Juan County 

[Measured by J. H. Stewart and G. A. Williams, May 1953] 

Top of section; not top of exposure. 

.... . 
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'Vingate Sandstone: Feet 

31. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of sub
rounded clear quartz and sparse black 
accessory minerals; firmly cemented, 
calcareous; stratification poorly ex
posed, but apparently mostly hori
zontally laminated; massive splitting; 
weathers to form vertical cliff. Sand
stone contains abundant well-rounded 
coarse grains. Only basal 10 ft of 
unit examined. Basal 0.3 ft is pale 
reddish brown (lOR 5/4) and appears 
silty. Unit is very light gray (N 8) 
from 0.3 ft to 0.7 ft above base. No 
scouring along basal contact noted .. Unmeasured 

Contact of Wingate and Chinle placed at lowest oc
CUlTence of coarse well-rounded grains, a feature 
which is typical of the basal Wingate. ·Aside from 
the basal 0.7 ft of the Wingate, which has anoma
lous colors, the Wingate is a distinctly different 
color from the Chinle. The Wingate is a light 
brown, whereas the Chinle is reddish or purplish. 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
30. Sandstone, pale reddish brown (lOR 

5/4), pale red (lOR 6/2), and pale 
red purple (5RP 6/2) ; abundant 
yellowish-gray (5Y 8/1) laminae and 
mottles; weathers same colors; very 
fine grained; well sorted; firmly ce
mented, slightly calcareous; com
posed of thin to thick trough sets of 
low-angle medium- to large-scale 
cross-laminae; platy splitting; 
weathers to form vertical cliff. Sparse 
thin sets of sandstone that contain up 
to 30 percent siltstone granules and 
pebbles ................................................... . 

Total of Hite Bed ............................. . 

29. Siltstone, similar to dominant siltstone 
in unit 28. Weathers to form steep 
slope and prominent small ledges ..... . 

Total of Church Rock Member ....... . 

Owl Rock Member: 
28. Heterogeneous unit of siltstone and 

limestone. Siltstone, grayish red 
(lOR 4/2), abundant light-greenish
gray (5GY 8/1) spots, weathering 
pale red (lOR 6/2) ; firmly cemented, 
calcareous, stratification concealed. 
Interstratified with this main silt
stone type, which makes up about 
85 percent of unit, are another type 
of siltstone, silty claystone, lime
stone, and silty conglomerate to silty 
sandstone. The other type of silt
stone is pale red (lOR 6/2), with 
abundant light-greenish-gray (5GY 

19.2 

19.2 
--

106.4 

125.6 
--

Chinle Formation-Continued 
Owl Rock Member-Continued 

8/1) spots, weathering same colors; 
firmly to well cemented, calcare
ous; horizontally laminated; platy 
splitting. This type of siltstone com
prises about 10 percent of the unit 
and is mostly in lower third of unit. 
The silty claystone is the same as the 
dominant type of siltstone except 
for the grain size and platy splitting. 
The silty claystone occurs rarely in 
the lower third of the unit. The 
limestone is light greenish gray (5G 
8/1), aphanitic; well cemented; very 
thin to thick bedded; flaggy to 
slabby splitting. Limestone from 1.7 
ft to 3.7 ft contains as much as 30 
percent granules to cobbles of· silt
stone as large as 3 in. in diameter 
(many flat pebbles and cobbles). 
Limestone occurs from 1.7 ft to 3.7 
ft and constitutes about 20 percent of 
unit from 27.5 ft to 39.8 ft. Silty 
conglomerate to silty sandstone occurs 
in lower 1.7 ft of unit and is 
composed of about 40 percent well
rounded grayish-red (lOR 4/2) silt
stone granules or very coarse grains 
in silt matrix. Unit as whole 
weathers to form steep pale-red 
(lOR 6/2) slope ................................... . 

27. Siltstone, light brown (5YR 6/4), 
sparse pale reddish brown (lOR 5/4), 
and grayish red (lOR 4/2), weather
ing light brown (5YR 6/4); firmly 
to well cemented, calcareous; strati
fication poorly exposed and de
veloped, mostly thick to very thick 
horizontal beds, sparse parallel and 

26. 

ripple laminae; fractures into angu
lar pebble-sized fragments; weathers 
to form steep loose slope with com-
mon thin to thick ledges ..................... . 

Siltstone, light brown (5YR 6/4), 
weathering same color; well cement
ed, calcareous; ripple laminated, 
sparse thin trough sets of medium
scale cross-laminae; platy to slab by 
splitting; weathers to form prom
inent ledge on ridge in saddle be
tween Bears Ears. Unit grades into 
overlying unit. Section transferred 
on base of unit. Underlying units 
measured up to ridge in saddle be
tween Bears Ears. Overlying units 
measured at south ear of Bears Ears 

25. Siltstone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), abun
dant light-greenish-gray (5GY 
8/1) spots, weathering pale red (lOR 
6/2) ; firmly to well cemented, cal
careous; stratification poorly devel-
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Feet 

39.8 

105.1 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

oped but some possible ripple laminae; 
platy to flaggy splitting; weathers to 
form slope with a few hard ribs. 

·Top 3 'It poorly exposed but probably 
mostly siltstone similar to that in 
unit 24. Basal 0.4 ft composed of 
pale-red (lOR 6/2) silty aphanitic 
limestone about 10 ft to west of 
line of section --------------------------------------

24. Siltstone, pale reddish brown (lOR 
5/ 4), abundant light-greenish-gray 
(5GY· 8/1) spots, weathering pale 
red (lOR 6/2); firmly cemented, cal
careous; stratification and splitting 
concealed; weathers to form loose 
slope --------------------------------------------------------

23. Siltstone to silty sandstone, pale red 
(lOR 6/2) and pale reddish brown 
(lOR 5/4), weathering pale red 
(lOR 6/2). Silty sandstone, fine 
grained with minor amounts of silt, 
poor sorting; composed of indistinct 
white and pale-red grains of un
known composition. Siltstone to silty 
sandstone, firmly cemented, cal
careous; ripple laminated; platy 
splitting; weathers to form slope. 
Unit poorly exposed. Abundant light-
greenish-gray (5GY 8/1) spots ___ _ 

22. Poorly exposed or covered along line 
of section. Exposures along line of 
section and away from line of sec
tion indicate that unit is similar to 
the underlying unit except that it 
contains at least one 5-ft-thick set 
of clayey sandstone. Clayey sand
stone, pale red purple (5RP 6/2) 
with abundant light greenish gray 
(5GY 8/1), weathering same colors, 
very fine grained, minor amounts of 
clay, grades to siltstone, poorly sort
ed; firmly cemented, calcareous; 
horizontally and ripple laminated; 
papery to flaggy splitting ------------------

21. Clayey siltstone, about 2/3 pale red
dish brown (lOR 5/ 4) and 1/3 pale 
red purple (5RP 6/2), weathering 
dominantly pale red purple ( 5RP 6/2) 
with subordinate pale reddish brown 
(lOR 5/4), abundant light greenish 
gray (5GY 8/1), otherwise same as 
unit 19. Five-foot interval in middle 
of unit contains swelling clay. Lime
stone-grain sandstone, from 29.0 to 
30.0 ft above base of unit, light 
greenish gray (5GY 8/1), weathering 
same color, poorly sorted; composed 
of well-rounded very coarse grains of 
limestone in an aphanitic calcite ma
trix; well cemented; horizontally 
thinly bedded; flaggy to slab by split-

Feet Chinle Formation-Continued 

7.1 

20.0 

17.0 

55.1 

Owl Rock Member-Continued 
ting. Limestone-grain sandstone only 
present locally on outcrop. Unit mea
sured up head of amphitheater at 
head of gully ----------------------------------------

20. Limestone, greenish gray (5GY 6/1) 
and pale red purple (5RP 6/2), 
weathering grayish orange (lOYR 
7 I 4) and pale red purple ( 5RP 6/2), 
aphanitic; well cemented; stratifica
tion poorly exposed, but contains thin, 
horizontal beds and possible horizon
tal laminae; flaggy to slab by split
ting; weathers to form small ledge 
in amphitheater at head of main 
gully. Section transferred at the base 
of this unit from hill to west of main 
gully to amphitheater at head of main 
gully. Away from the line of section, 
in the amphitheater area, several thin 
limestone sets occur a few feet above 
or below unit ------------------------------------------

19. Clayey siltstone, pale reddish brown 
(lOR 5/ 4), pale red (lOR 6/2), sparse 
pale red purple (5RP 6/2), abundant 
light-greenish-gray (5GY 8/1) and 
grayish-yellow-green (5GY 7 /2) 
spots, weathering same colors; firmly 
cemented, calcareous; stratification 
concealed; weathers to form slope. 
Sparse light-greenish-gray limestone 
nodules; Basal 40 ft of unit poorly 
exposed. Measured on hill to west of 
main gully ----------------------------------------------

Total of Owl Rock Member _____________ _ 

Petrified Forest Member: 
18. Covered. Measured from exposures in 

main gully to exposures on side of 
hill to west of main gully --------------------

17. Silty claystone to clayey siltstone, pale 
red purple ( 5RP 6/2), grayish red 
purple (5RP 4/2), sparse grayish 
red (lOR 4/2), weathering pale red 
purple ( 5RP 6/2) and grayish red 
purple (5RP 4/2); poorly to firmly 
cemented, calcareous; stratification 
concealed; weathers to form broad 
bench. Abundant greenish-gray (5GY 
6/1) spots. Limestone, light gray (N 
7) weathering same color, aphanitic 
with subordinate blebs of medium
grain-sized calcite crystals, well 
cemented, structureless; slab by split
ting. Limestone is present as thin 
beds interbedded with the rest of the 
unit at 12.8 ft and at 16.8 ft. Unit 
is exposed in the bottom of a creek 
where the exposures are complete or 
nearly complete. Possibly unit has 
been displaced in part by recent land
slides, as the limestone beds dip at a 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

high angle to the regional dip. Most 
of unit contains swelling clay ........... . 

Total of Petrified Forest Member ... . 

Moss Back Member: 
16. Sandstone, similar to unit 4 except com

posed of trough sets of medium-scale 
cross-laminae; weathers to form ledge 

16. Covered ....................................................... . 
14. Sandstone similar to unit 4 except domi

nantly fine grained and contains thin 
trough sets of medium-scale cross-
laminae ................................................. . 

13. Covered ..................................................... . 
12. Sandstone, yellowish gray (6Y 7/2) and 

pale yellowish orange (10YR 8/6), 
weathering same colors, very fine 
grained, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory minerals; firmly ce
mented, calcareous; stratification 
poorly developed, but probably com
posed of medium-scale low-angle cross
laminae; flaggy splitting. Weathers 
to form small ledges in creek bottom. 
Abundant limonite spots ................... . 

11. Covered ..................................................... . 
10. Sandstone, similar to unit 4 except com

posed dominantly of thin to thick 
trough sets of medium-scale cross-
laminae ................................................... . 

9. Covered ..................................................... . 
8. Sandstone, similar to unit 6 ................. . 
7. Covered ..................................................... . 
6. Sandstone, similar to unit 4 except fine 

grained and possibly may be· hori-
zontally laminated ............................... . 

6. Covered ., ................................................... . 
4. Sandstone, yellowish gray (5Y 8/1) 

and grayish yellow (5Y 8/4), weath
ering yellowish gray (5Y 7 /2), me
dium grained, well sorted; composed 
of subangular clear quartz and sparse 
black accessory minerals; firmly ce
mented, calcareous, common limonite 
stains and spots; composed of thick 
trough sets of large-scale low-angle 
cross-laminae; massive splitting, 
weathers to form vertical cliff. Chert 
pebbles as large as lf2 in. in diameter 
occur at 24 ft above base of unit ..... . 

3. Conglomeratic sandstone to sandy lime
stone, light olive gray (5Y 6/1), 
weathering same color and light 
brown (5YR 6/4), coarse grained 
with common to abundant granules 
and pebbles, poorly sorted; composed 
of subangular to subrounded clear 
quartz grains and granules and peb
bles of green siltstone, gray lime
stone, and to a lesser extent of red 

472-202 0 - 72 - 18 
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Chinle Formation-Continued 
Moss Back Member-Continued 

chert. Rock grades from conglom
eratic sandstone with sand matrix, 
through conglomeratic sandstone with 
a limestone matrix, to limestone con
taining some granules of chert and 
quartz; stratification poorly exposed, 
but some cross-strata at base of unit. 
Unit weathers to form small ledge. 
Top 1 ft of unit is gray siltstone and 
claystone with common carbonaceous 
material ................................................. . 

Total of Moss Back Member ........ .. 

Monitor Butte Member: 
2. Covered. Interval from 22 to 27 ft forms 

small bench. This bench is formed by 
a sandstone layer ................................ .. 

Total of Monitor Butte Member .. .. 

Shinarump Member: 
1. Sandstone, yellowish gray (5Y 8/1) and 

pale yellowish orange (10YR 8/6), 
weathering grayish orange (10YR 
7/4), medium to coarse grained with 
subordinate scattered very coarse 
grains, fair sorting; composed of sub
rounded clear quartz, no accessory 
minerals noted; poorly to well ce
mented, calcareous; stratification 
poorly developed, common trough sets 
of medium-scale cross-laminae, pos
sibly some thin to thick horizontal 
beds; slab by to massive splitting; 
weathers to form minor ledge along 
creek bottom. Bottom 1 ft of exposure 
contains a very thin layer of green 
claystone. Abundant carbonaceous 
material in bottom 1 ft. Unit exposed 
only along wash. Base of unit not 
exposed. Because the Shinarump 
Member is generally thin in this area, 
the exposure of member is probably 
nearly complete. Top 3 ft of unit is 
well cemented. Abundant limonite 
stains ..................................................... . 

Total of Shinarump Member ........ .. 

Total of Chinle Formation .......... .. 
Base of section; base of exposure. 

U-26. BRIDGER JACK MESA 

Feet 

4.0 

136.2 

104.0 

104.0 

15.1 

16.1 

862.2 

M easwt:ed in head of tributa-ry of Lavende-r Creek and up 
southwestermnost point of Bridge't Jack Mesa, sec. 25 
(unsurveyed), T. 32 S., R. 20 E., SLM, San Juan County 

[Measured by J. H. Stewart, 0. B. Raup, and A. C. Gorveatt, September 
1953] 

Top of section; top of accessible exposure. Top of 
section at most southwesterly point of Bridger 
Jack Mesa. 

Wingate SaRdstone: 
46. Sandstone, yellowish-gray (5Y 8/1) and 

subordinate pale-reddish-brown (lOR 
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Wingate Sandstone-Continued Feet Chinle Formation-Continued 
5/4), very fine to fine-grained; com
posed of subrounded to rounded clear 
quartz and sparse black accessory 
mineral; poorly cemented, slightly 
calcareous; composed of thin trough 
sets of low-angle medium-scale cross
laminae; massive splitting; weathers 
to form vertical cliff. Sandstone con-
tains sparse to common rounded me-
dium to coarse grains. Only basal 8.0 
ft examined --------------------------------------Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
45. Sandstone, pale red (lOR 6/2) and 

common light greenish gray ( 5GY 
8/1), weathering pale red (5R 6/2), 
very fine to fine grained, fair sorted; 
composed of subangular grains, com
position masked; firmly cemented, 
slightly calcareous; ripple laminated; 
massive splitting; weathers to form 
vertical cliff continuous with that of 
overlying Wingate Sandstone ____________ 5.9 

44. Siltstone, pale reddish brown (lOR 5/4), 
weathering same color; common to 
abundant fine-grained muscovite; well 
cemented, noncalcareous; horizontally 
and ripple laminated; weathers to 
form slope. Lower half very poorly 
exposed ---------------------------------------------------- 8.5 

43. Sandy siltstone, light brown (5YR 6/4), 
weathering pale reddish brown (lOR 
5/4), sandy (very fine grained); 
firmly cemented, noncalcareous; hori
zontally and ripple laminated; weath-
ers to form ledge -------·-··-··············-······· 13.9 

42. Siltstone, pale reddish brown (lOR 5/4), 
weathering same color; firmly 
cemented, noncalcareous; structure
less; weathers to form steep slope. 
Basal 8 ft of unit is silty sandstone. 
This silty sandstone is very fine 
grained, contains abundant coarse
grained, muscovite and biotite, is 
horizontally laminated, and grades 
upward into siltstone which com
prises the rest of the unit. Parts of 
unit are poorly exposed ...................... 39.2 

41. Sandstone, pale red (5R 6/2) and sub
ordinate light greenish gray (5GY 
8/1), weathering pale red (5R 6/2), 
very fine grained, well sorted; firmly 
cemented, calcareous; composed of 
thin to thick trough sets of medium
scale cross-laminae and subordinate 
thin to thick sets of ripple laminae 
and very thin horizontal laminae; 
weathers to form vertical cliff. Com
monly contains red siltstone pebbles 
and granules. Base of unit contains 
thin lenticular bed of limestone grain 

Church Rock Member-Continued 
Hite Bed-Continued 

sandstone which is composed of 
rounded limestone grains in sand 
matrix ------------------------------------------------------

Total of Hite Bed ---------------------------

Total of Church Rock Member -----

Owl Rock Member: 
40. Siltstone (50 percent) and limy silt

stone (50 percent). Siltstone, pale 
reddish brown (lOR 5/4); firmly ce
mented, slightly calcareous; struc
tureless. Limy siltstone, pale red 
(lOR 6/2) and light greenish gray 
(5GY 8/1); well cemented; thinly 
horizontally laminated with subordi
nate laminae to thin ·beds. Limy silt
stone is present as very thin to thick 
beds interstratified with siltstone. 
Unit as a whole weathers pale red
dish brown (lOR 5/4), and forms a 
vertical and overhanging cliff to
gether with overlying unit ----------------

39. Siltstone to clayey siltstone, pale red
dish brown (lOR 5/4) and sparse 
pale green (lOG 6/2), weathering 
pale reddish brown (lOR 5/4); poorly 
cemented, calcareous; appears struc
tureless; platy splitting; weathers to 
form slope ----------------------------------------------

38. Limestone, light greenish gray (5GY 
8/1), weathering very pale orange 
(10YR 8/2); dense, well cemented; 
structureless; weathers to form ledge 

37. Siltstone to clayey siltstone, pale red
dish brown (lOR 5/4) in lower half 
and light olive gray (5Y 5/2) in 
upper half, weathering pale reddish 
brown (lOR 5/4), siltstone in lower 
half grading to clayey siltstone in 
upper half; firmly cemented, calcar
eous; structureless; fractures into 
angular fragments in lower half, 
platy splitting in upper half; weath
ers to form slope. The upper half 
of unit resembles unit 39 --------------------

36. Silty limestone, light greenish gray 
(5GY 8/1) and subordinate pale red 
(5R 6/2), weathering light brown 
(5YR 6/4), aphanitic to finely crys
talline; well cemented; horizontally 
laminated to thinly bedded, some 
ripple laminae; platy to slab by split
ting; weathers to form ledge ------------

35. Siltstone to sandy siltstone, · light 
brown (5YR 6/4), common pale red
dish brown (lOR 5/4), sandy (very 
fine grained) ; firmly cemented, cal
careous; structureless, sparse thin 
horizontal beds; fractures into angu
lar fragments; weathers to form 
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Chinle Formation-Continued Feet Chinle Formation-Continued 
Owl Rock Member-Continued 

steep slope. Common light-greenish-
gray (5GY 8/1) spots .......................... 120.0 

34. Limestone, light greenish gray (5GY 
8/1) and subordinate pale red (lOR 
6/2), weathering same colo1·s; dense; 
well cemented; composed of horizon
tal thin beds; slab by splitting; 
weathers to form ledge. Directly to 
north of line of section, limestone 
thins to 2.5 ft by intergrading with 
overlying unit. Directly to south of 
line of section, limestone thickens by 
channeling 3 ft into underlying unit. 
Along line of section and directly 
to south, limestone contains possible 
mediuJ!l-scale cross-laminae ................ 5.4 

33. Siltstone, grayish red (5R 4/2) and 
pale reddish brown (lOR 5/4), com
mon light greenish gray (5GY 8/1), 
weathering pale red (5R 6/2) ; firm
ly cemented, calcareous; structure
less; weathers to form steep slope. 
Thin horizontal beds of dense light
greenish-gray ( 5G 8/1) limestone 
are present at 22.4 and 50.8 ft. Thin 
horizontal bed of limestone pebble 
conglomerate is present at 36.8 ft .... 68.9 

32. Limy siltstone, pale red (5R 6/2), com
mon light-greenish-gray (5G 8/1) 
mottles, weathering same colors; 
well cemented; composed of indis
tinct thin horizont~l beds. Horizontal 
beds weather with nodular surface 
suggesting internal concretionary 
structure. Unit weathers to form 
ledge ...................................................... 5.0 

31. Siltstone, grayish red ( 5R 4/2), light 
brown (5YR 6/4) in middle one
third of unit, weathering pale red 
(lOR 6/2), weathering pale reddish 
brown (lOR 5/4) in middle third; 
firmly cemented, calcareous; struc
tureless; weathers to form steep 
slope ........................................................ 55.9 

30. Limy siltstone, pale reddish brown 
(lOR 5/4) in lower half and pale 
red (lOR 6/2) in upper half, 
weathering pale red (lOR 6/2); well 
cemented, highly calcareous; struc
tureless; weathers to form steep 
slope with small ledge at top. Top of 
unit marked by thin light-greenish
gray (5GY 8/1) band. Unit contains 
abundant light-greenish-gray (5G 
8/1) spots ............................................ 9.6 

29. Limestone-grain sandstone, light green
ish gray ( 5G 8/1) and common pale 
red (lOR 6/2), coarse to very coarse 
grains of limestone ( 60 percent) 
in dense calcite matrix ( 40 percent), 
poorly sorted; composed of rounded 

Owl Rock Member-Continued 
sand grains; well cemented, hori
zontally laminated to thinly bedded; 
slab by splitting; weathers together 
with underlying unit to form most 
conspicuous ledge in lower part of 
Chinle. Unit contains an irregular 
mass less than 1 in. in diameter of 
reddish-brown chert ........................... . 

28. Limestone, pale red (lOR 6/2), abun
dant light-greenish-gray (5G 8/1) 
mottles, weathering same colors; 
dense, well cemented; composed of 
thin horizontal beds; weathers to
gether with overlying unit to form 
ledge. Laterally to line of section, 
unit grades into underlying unit .... 

27. Siltstone, moderate brown (5YR 4/4), 
common pale reddish brown (lOR 
5/4), weathering light brown (5YR 
6/4) ; firmly cemented, calcareous; 
structureless; weathers to form 
steep slope. Unit as whole contains 
sparse to common limestone nodules. 
From 17.8 to 20.0 ft, unit contains 
abundant limestone nodules and 
weathers pale red (lOR 6/2) ........... . 

26. Siltstone (70 percent) and limestone 
(30 percent). Siltstone, pale red 
( 5R 6/2) , pale purple ( 5P 6/2) , 
common pale reddish brown (lOR 
5/ 4) ; firmly cemented, highly cal
careous; structureless. Limestone, 
pale red (lOR 6/2) and light green
ish gray (5GY 8/1); dense, well 
cemented. Limestone is present as ir
regular thin to thick lenses. Unit 
contains limestone nodules scattered 
in the siltstone and concentrated in 
thin to thick layers. Unit as whole 
is tabular and weathers to form a 
conspicuous pale-red (lOR 6/2) 
slope ...................................................... .. 

25. Siltstone, pale reddish brown (lOR 
5/ 4), weathering same color; firmly 
cemented, calcareous, structureless; 
weathers to form steep slope with 
locally a small ledge at top. Near 
top of unit is thin set of sandy silt
stone. This sandy siltstone is light 
brown (5YR 6/4), sandy (very fine 
grained) ; firmly cemented, calcar
eous. Lateral to line of section, the 
sandy siltstone thickens to a thick set 
and is ripple laminated. On distant 
outcrops, this sandy siltstone crops 
out as a discontinuous ledge ............. . 

24. Siltstone, pale reddish brown (lOR 
5/4) in lower half and grayish red 
(5R 4/2) in upper half, weathering 
pale reddish brown (lOR 5/4) in 
lower half and pale red (lOR 6/2) in 
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Chinle Formation-Continued 
Owl Rock Member- Continued 

upper half; firmly cemented, highly 
calcareous; structureless; weathers 
to form steep slope, covered with 
veneer of angular fragments, frac
tures to angular fragments. Top 1.0 
ft contains an irregular horizontal 
bed composed of about 80 percent 
light-greenish-gray dense limestone 
nodules in a siltstone matrix. Lateral 
to the line of section, this limy 
interval thickens to at least 4.0 ft. 
Unit is differentiated from one below 
by absence of sandy siltstone beds 
and by it~ characteristic of fractur-
ing into angular fragments ............. . 

23. Siltstone and sandy siltstone, pale red
dish brown (lOR 5/4), weathering 
same color, sandy (very fine grained) 
parts; firmly cemented, calcareous; 
stratification poorly exposed, but 
horizontally laminated in part; 
weathers to form steep slope above 
bench developed on underlying unit. 
Sandy siltstone present as common 
thin horizontal beds interstratified 
with rest of unit ................................. . 

Total of Owl Rock Member ........... . 

Moss Back Member: 
22. Sandstone, pale red (5R 6/2), weather

ing same color, very fine grained, 
well sorted; common fine-grained ac
cessory white mica; firmly cemented, 
calcareous; ripple laminated, platy 
splitting; weathers to form bench. 
Unit in part poorly exposed. In some 
places, unit contains pale red ( 5R 
6/2) siltstone interbedded with thin 
sets of sandstone. The thickness of 
the unit varies considerably along 
the exposure owing to intertonguing 
with underlying unit. Unit is includ
ed in the Moss Back Member because 
of its intertonguing relation with 
the underlying unit and because 
elsewhere similar sandstone layers 
occur in the Moss Back Member .... 

21. Sandstone, yellowish gray (5Y 7 /2), 
grayish yellow (5Y 8/4), and sub
ordinate very light gray (N 8), 
weathering light brown (5YR 6/4) 
to moderate brown (5YR 4/4), fine 
to medium grained with sparse (1 
percent) coarse grains, well sorted; 
composed of subrounded clear quartz 
and sparse black accessory mineral, 
abundant interstitial limonite, com
mon interstitial white material, pos
sibly clay; poorly to firmly cemented, 
calcareous; composed of thin to very 
thin trough and planar sets of cross-

Feet Chinle Formation- Continued 

16.9 

25.6 

406.3 

22.6 

Moss Back Member-Continued 
laminae; weathers to form conspicu
ous vertical cliff. Unit and basal part 
of overlying unit underlie widespread 
benches in area. Unit contains about 1 
percent clayey siltstone the same as 
that in underlying unit. This clayey 
siltstone forms several very thin to 
th~n sets separating thin to very thick 
cosets of sandstone. The unit con
tains about 1 percent conglomeratic 
sandstone. The conglomeratic sand
stone is composed of granules to 
cobbles of gray quartzite, chert, and 
to a lesser extent of quartz in a 
fine- to coarse-grained matrix. The 
conglomeratic sandstone is general-
ly in the basal 5 ft, but its position 
varies along the exposure .. The max
imum diameter of the cobbles noted 
in the conglomeratic sandstone is 3 
in. The average diameter of the 
granules to cobbles is about 1h in. 
The upper 10 to 20 ft of the unit 
is dominantly grayish red (5R 4/2), 
is very fine grained, and appears to 
grade and intertongue with the over-
lying unit ........................................... . 

20. Clayey siltstone, medium light gray 
(N 6) to greenish gray (5GY 6/1), 
weathering light brown (5YR 6/4), 
sparse fine-grained accessory white 
mica; firmly cemented, noncalcar
eous; horizontally thinly laminated, 
some possible ripple laminae; 
weathers to forn1 reentrant. Unit 
contains sparse discontinuous thin 
sets of light-greenish-gray (5GY 
8/1) very fine grained ripple-lami
nated quartzitic sandstone. Unit 
intertongues with overlying unit in 
places, but in other places the upper 
contact of the unit is an erosion 
surface. Units 18...C20 measured at 
good exposure at head of canyon .... 

19. Sandstone, yellowish gray ( 5Y 8/1), 
very light gray (N 8), grayish yel
low (5Y 8/4), weathering grayish 
orange pink ( 5YR 7 /2), fine to me-
dium grained, well sorted; composed 
of subrounded clear quartz and 
sparse black accessory mineral, 
abundant interstitial limonite; firmly 
to well cemented, calcareous; hori
zontally laminated with subordinate 
thin trough sets of low-angle me
dium-scale cross-laminae; weathers to 
form small ledge below main ledge 
of the Moss Back Member. In a few 
places, unit contains conglomeratic 
sandstone near base. Conglomeratic 
sandstone is composed of subround-
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Chinle Formation- Continued 
Moss Back Member - Continued 

ed to well rounded granules to peb
bles of gray chert, quartzite, and to 
a lesser extent of white quartz. Low-
er half of unit is quartzitic ............. . 

Total of Moss Back Member ....... . 

Monitor Butte ( ?) Member: 
18. Silty claystone, greenish-gray (5GY 

6/1), dark-greenish-gray (5GY 4/1), 
and medium-gray (N 5) ; firmly 
cemented, noncalcareous; structure
less; weathers to form reentrant. 
Unit is placed ·in Chinle Formation 
because it contains a basal very thin 
lenticular sandstone that is medium 
to very coarse grained, clayey, and 
poorly sorted and is composed of 
subangular clear quartz and com
mon orange accessory mineral. This 
sandstone has common copper stains 
and commonly includes pebbles of 
silty claystone similar to that in 
rest of unit ........................................... . 

Total of Monitor Butte ( ?) Member 

Total of Chinle Formation 

Moenkopi Formation (incomplete) : 
Upper slope-forming member: 

17. Silty claystone to clayey siltstone, gray
ish-red (lOR 4/2), medium-dark-gray 
(N 4), pale-yellowish-green (lOGY 
7/2), and minor grayish-yellow (5Y 
8/4); grayish red is dominant color 
in lower few feet of unit, other col
ors gradually replace grayish red 
vertically so that in top few feet of 
unit the colors are entirely greens, 
grays, and yellows; weathers same 
colors; sparse fine-grained accessory 
white mica; firmly cemented, non
calcareous; no medium to coarse 
grains were seen; seems to be hori
zontally very thinly to thinly bedded, 
although stratification is poorly ex
posed; weathers to form slope. Unit 
is placed in the Moenkopi Formation 
.because it seems to grade downward 
into the Moenkopi Formation and be
cause it contains horizontal bedding 
planes. Except for color, this unit is 
similar to underlying unit ................... . 

16. Silty claystone to siltstone, grayish red 
(lOR 4/2) and minor pale reddish 
brown (lOR 5/4) and sparse greenish 
gray (5GY 6/1), weathers pale red
dish brown (lOR 5/4); common to 
abundant fine-grained accessory 
white mica; firmly cemented, mostly 
noncalcareous but some parts slightly 
calcareous; stratification poorly ex
posed but seems to be dominantly 
horizontally laminated; weathers to 

Feet 

8.4 

128.9 

4.2 

4.2 
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8.9 

Moenkopi Formation (incomplete) -Continued Feet 

Upper slope-forming member-Continued 
form steep rubble-covered slope. 
Sparse thin resistant siltstone and 
sandy siltstone sets ............................. . 3S.5 

Total of upper slope-forming mem-
ber ................................................... . 47.4 

Total of incomplete Moenkopi For-
mation ............................................ 47.4 

Base of section; not base of exposure. 

Units 1-15 described in Stewart, Poole, and Wilson 
(1972). 

U-27. COMB WASH 
Measured on Comb Ridge about 2.5 miles north of Snake Can

yon, long 109°39' W., lat 37°19' N., San Juan County 
[Measured by L. C. Craig and T. E. Mullens, June 1951; slightly modified 

by J. H. Stewart, September 1956] 

Top of measured section; not top of exposure. Feet 

Wingate Sandstone: 
35. Sandstone, moderate- reddish- orange 

(lOR 6/6) to light-brown (5YR 6/4), 
very fine grained; disseminations 
and laminar concentrations of me
dium to coarse clear to white quartz 
and black and white chert grains; 
common black accessory minerals; 
wedging sets 3 to 15 ft in thickness, 
compound cross-lamination. Unit 
forms vertical cliff .......................... Unmeasured 

Chinle Formation: 
Church Rock Member: 

Rite Bed: 
34. Sandstone, pale-reddish-brown (lOR 

5/4) to yellowish-gray (5Y 8/1) to 
light-greenish-gray (5GY 8/1), fine
to medium-grained; composed of 
clear subangular quartz, abundant 
green accessory minerals, uncommon 
black and orange accessory minerals; 
moderately calcareous, firmly ce
mented; lenticular bedding 2 to 8 ft 
in thickness, well-developed fine 
(%::! in.) festooned cross-lamination. 
Laminae are gently dipping. Local 
layers contain grayish-red claystone 
pebbles. Forms ledgy cliff. Basal con
tact is scour surface; top contact is 
even .......................................................... 47.6 

Total of Rite Bed................................ 47.6 

33. Sandstone, moderate-reddish-orange 
(lOR 5/6), very fine to fine-grained; 
angular to subangular; well sorted; 
composed of amber-stained quartz 
grains, uncommon black and orange 
accessory minerals; firmly cemented, 
moderately calcareous. Unit is mostly 
horizontally laminated. In places, the 
laminae are faintly wavy and suggest 
ripple laminae. A few poorly defined, 
very low angle, medium-scale cross
laminae are present. Unit weathers 
to form massive vertical cliff.............. 75.5 
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Chinle Formation-Continued 
Church Rock Member-Continued 

32. Sandstone, moderate reddish orange 
(lOR 6/6) with light-greenish-gray 
mottling, very fine grained, subangu
lar, well sorted; composed of ciear 
amber-stained quartz, common orange 
and black accessory minerals; calcar
eous; hackly weathering. Unit forms 
steep slope containing several lenticu-
lar ledges 1 to 3 ft thick· ................... . 

Total of Church Rock Member ....... . 

Owl Rock Member: 
31. Sandstone, very calcareous, pale-red 

(lOR 6/2), very fine grained, well
sorted; composed of subangular to 
subrounded clear quartz, uncommon 
black accessory minerals; firm cal
careous cement. Along strike grades 
to pale-red very sandy parallel-bed
ded (2 to 6 in. beds) limestone. Unit 
makes prominent ledge with abun
dant pale-green mottling. Recorded 
as top of Owl Rock Member on basis 
of color and lithology change ............. . 

30. Siltstone, pale red (5R 6/2 to lOR 6/2) 
with abundant pale-green mottling; 
highly calcareous; hackly weather
ing; forms hard ledgy rubble-covered 
slope; ledges composed of slightly 
sandier parts of unit ........................... . 

29. Sandstone, pale reddish brown (lOR 
5/ 4) ,. bleached grayish orange pink 
(lOR 8/2) ; very fine grained,· angu
lar to subangular, well sorted; com
posed of clear amber-stained quartz 
with uncommon orange and black ac
cessory minerals; forms massive 
ledge. Many worm borings noted ....... . 

28. Siltstone, pale red (5R 6/2 to lOR 6/2), 
pale-green mottling; grades to very 
fine grained sandy siltstone. Contains 
rounded limestone pellets as long as 
% in.; pellets give unit pisolitic tex
ture in places. Highly calcareous; 
hackly weathering. Forms hard ledgy 
rubble-covered slope; ledges com
posed of slightly sandier parts of 
unit ......................................................... . 

27. Sandstone, moderate- reddish- orange 
(lOR 5/6), very fine grained, well 
sorted; subangular; composed of 
clear amber-stained quartz grains, 
accessory minerals masked; highly 
calcareous; parallel to subparallel 
bedding, very fine (%4 to :Y,o in.) 
parallel to ripple lamination and 
gentle cross-laminae. Forms massive 
prominent ledge; worm tracks and 
fine mud cracks on bedding surfaces 

26. Siltstone, pale red (lOR 6/2), much 
light-green mottling in streaks, bands, 
and spots as much as 2 in. in diam-

Feet 

41.0 

164.1 

2.5 

31.9 

8.0 

63.7 

2.2 

Chinle Formation-Continued 
Owl Rock Member-Continued 

eter; grades to very fine grained 
sandy siltstone; hackly weathering. 
Forms rubble-covered slope ................. . 

25. Sandstone, moderate reddish orange 
(lOR 5/6), very fine grained, well 
sorted; subangular; composed of 
clear amber-stained quartz, accessory 
minerals masked; highly calcareous; 
parallel to subparallel bedding; very 
fine nt4 to Ylo in.) parallel and 
ripple laminae, possible gentle cross
laminae. Forms conspicuous massive 
ledge. Possible reptile tooth noted ..... . 

24. Siltstone, mudstone, and subordinate 
conglom.erate. Siltstone, pale red 
(lOR 6/2) ~ grades to very fine 
grained sandy siltstone, hackly weath
ering. Mudstone, moderate reddish 
orange (lOR 6/6), silty and sandy 
(very fine grained). Conglomerate, 
pale greenish gray (5GY 8/1) to pale 
red (lOR 6/2) ; contains pellets of 
siltstone as large as %, in. in diam
eter. Siltstone and mudstone form 
bulk of unit and are intergrada
tional; conglomerate forms 3- to 6-in.
thick beds, one at base and one at 
8 ft above base of unit. Unit forms 
steep rubble-covered slope ................... . 

23. Sandstone, moderate- reddish- orange 
(lOR 6/6), very fine grained, well
sorted; subangular; composed of clear 
amber-stained quartz, accessory min
erals masked; highly calcareous; 
parallel to subparallel bedded, very 
fine (%4 to Ylo in.) parallel to ripple 
laminae, some gentle cross-laminae, 
forms prominent massive ledge; worm 
tracks and fine mud cracks on bed-
ding surfaces ......................................... . 

22. Siltstone to sandstone, pale-reddish
brown (lOR 6/4) to moderate-red
dish-orange (lOR 6/6), sandy (very 
fine grained), highly calcareous, 
hackly weathering. Forms steep fine
rubble-covered hard slope. Shows two 
prominent red bands in upper half of 
unit separated by faint pinkish-pur-
ple bands ............................................... . 

21. Siltstone to sandstone, moderate
orange-pink (lOR 7/4) to pale-red
dish-brown (lOR 5/4); as coarse as 
very fine grained sand size, sparse 
medium-sized quartz grains in some 
layers; uncommon black accessory 
minerals; highly calcareous, firmly 
cemented; a few thin partings of 
sandy clay; parallel bedded, irregular 
subparallel lamination. Top locally 
forms vertical ledge ........................... . 

20. Interval covered along line of section. 

Feet 

5.6 

3.6 

25.7 

14.1 

• 
82.8 

20.3 
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STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation-Continued 
Owl Rock Member-Continued 

Scattered exposures in upper one
half of unit along strike reveal that 
rocks are similar to those in unit 
below ..................................................... . 

19. Claystone, pale reddish brown (lOR 
5/4) in lower half, pale red purple 
(5RP 6/2) in third quarter, pale 
reddish brown (lOR 5/4) in top one
quarter, light-greenish-gray (5GY 
8/1) mottling and streaks; pure clay 
to very fine grained sand; calcar
eous. Lower one-half of unit includes 
lenses of limestone containing pebbles 
as large as one-half an inch in di
ameter arranged along lamination 
planes; lower one-half of unit seems 
to contain channels and cross-lam
inae. Entire unit weathers to steep 
earthy to frothy slope; claystone is 
hackly weathering ............................. . 

18. Limestone and claystone. Limestone, 
moderate reddish orange (lOR 6/6) 
to pale red (lOR 6/2), pale-green 
mottling, silt to very fine grained 
sand; forms three lensing beds, one 
fairly persistent at base, one 1 ft 
thick at 40 ft above base, and one 
at top of unit. Claystone, moderate 
reddish orange (lOR 6/6) to pale red 
(lOR 6/2), mottled light greenish 
gray ( 5GY 8/1), silt to very fine 
grained sand. Unit forms hard 
earthy slope; hackly to rubbly 
weathering ........................................... . 

Total of Owl Rock Member ........... . 

Petrified Forest and Monitor Butte Members 
undivided: 

NOTE.-Units 10-16 might be the Monitor 
Butte Member, and unit 17 might be 
the Petrified Forest Member. In ad
dition units 15 and 16 could be a 
lateral equivalent of the Moss Back 
Member. These members, however, 
are not typically developed or easily 
separated and are not labelled in the 
section. 

17. Claystone, grayish red (lOR 4/2) with 
abundant light-greenish-gray spots 
in basal 17 ft, banded grayish red 
purple (5RP 4/2) and pale red pur
ple (5RP 6/2) with greenish-gray 
(5GY 6/1) mottling in rest of lower 
% of unit, pale reddish brown 
(lOR 5/4) to pale red (lOR 6/2) in 
upper % of unit, variably silty; 
earthy to frothy weathering; vari
ably calcareous. Light-greenish-gray 
to light-gray calcareous nodules cover 
slope in lower % of unit. Basal 42 ft 
contains clays that swell prominent-

Feet Chinle Formation-Continued 

56.7 

86.1 

59.8 

463.0 

Petrified Forest and Monitor Butte Members 
undivided-Continued 

ly on contact with water. Clays in 
basal half of upper third of unit 
swell slightly on contact with water. 
Rest of unit does not contain swell
ing clays. Unit forms rounded hard 
slope ..................................................... . 

16. Sandstone, pinkish-gray (5YR 8/1) to 
light-greenish-gray (5GY 8/1) ; fine 
to medium grained, subangular to 
subrounded, well sorted; composed 
of clear to amber-stained quartz 
grains and common to abundant 
black accessory minerals; slightly to 
moderately calcareous cement; fine 
scale cross-lamination, % in. thick. 
Except for capping 1 ft, unit 
weathers to earthy slope; top 1 ft 
well-cemented and forms minor hog-
back ....................................................... . 

15. Sandstone, clayey, grayish-orange 
(10YR 7 /4), very fine to very coarse 
grained, poorly sorted; subangular 
to well rounded; composed of clear 
quartz and uncommon gray acces
sory minerals; moderately calcar
eous, poorly cemented; forms earthy 
slope. Slightly conglomeratic at top; 
conglomeratic strata composed of 
clay and limestone pebbles in matrix 
of quartz grains and lime cement. 
Conglomeratic strata occur as lenses 
% to 1 ft in thickness .......... : ............ . 

14. Claystone, very sandy, very dusky red 
(lOR 2/2), grayish-mottled; weath
ers grayish red, scattered sand 
grains as coarse as medium size of 
clear subangular quartz and abun
dant orange accessory minerals, sand 
concentrated along Y, 6-in. lamina-
tions ....................................................... . 

13. Claystone, silty to fine sandy, light
greenish-gray (5GY 811) to light
gray (N 7). Contains common 
fossilized logs replaced by calcite and 
minor silica. Unit weathers to form 
rounded badland hills with hard 
frothy surface ....................................... . 

12. Claystone, medium-light-gray (N 6), 
silty. Weathers to distinct grayish-
red band with soft frothy slope ..... . 

11. Claystone, sandy and silty; very light 
gray (N 8) to medium light gray 
(N 6) ; sand as coarse as fine-grain 
size, hackly fracture. Weathers to 
form rounded badland hills with 
steep hard frothy surface that is 
white at base and light gray at top 

10. Interval poorly exposed. Claystone, 
silty and sandy (fine-grained), gray
ish-red (5R 4/2); weathers to form 
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Feet 

138.4 

15.0 

13.0 

9.2 

54.8 

4.2 

53.1 
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Chinle Formation-Continued Feet 

Petrified Forest and Monitor Butte Members 
undivided-Continued 

high hard frothy surface covered 
·with nodules of gray sandy limestone 
as large as 3 in. in diameter. Top 
contact of unit poorly exposed but 
marks sharp color break -------------------- 41.0 

Total of Petrified Forest and Mon-
itor Butte Members undivided.... 328.7 

Mottled strata: 
9. Sandstone, white to light greenish gray 

(5GY 8/1) with blackish-red (5R 
2/2), pale-reddish-brown (lOR 5/4), 
grayish-purple (5P 4/2), and dark
yellowish-orange (lOYR 6/6) mot
tling in upper two-thirds, fine to 
very fine grained, subangular to sub
rounded, well sorted except for. inter
stitial clay; composed of subangular 
to subrounded clear quartz, uncom- · 
mon orange, black, and green ac
cessory minerals; common white 
interstitial clay; slightly calcareous, 
firmly cemented unit forms two sub
parallel lenticular beds as much as 
10 ft thick. Lower bed contains 
gently dipping festooned laminations 
of fluvial origin, whereas upper bed 
is structureless. Lower bed forms 
local ledge and upper bed forms a 
massive rounded ledge. Unit is lentic
ular and extends 300-500 ft along 
Chinle-Moenkopi contact -------------------- 13.9 

Total of mottled strata -------------------- 13.9 

Total of Chinle Formation______________ 969.7 

Moenkopi Formation (incomplete) : 
Upper slope-forming member: 

8. Sandstone (80 percent), siltstone (15 
percent), and claystone (5 percent). 
Sandstone and siltstone, light brown 
(5YR 6/4 to 5YR 6/5), light-gray 
mottling seen near contact with Chinle 
Formation. Unit is similar to under
lying unit but differs in percentage 
of sandstone, siltstone, and clay
stone. Unit weathers to form minor 
hogbacks with flaky clay surfaces in 
places. Upper surface of unit beveled 
by Chinle Formation ----------------------------. 29.2 

7. Sandstone (40 percent), siltstone (30 
percent) and claystone (30 percent). 
Sandstone and siltstone, light brown 
(5YR 6/4), silty to very fine grained 
sand; composed of subangular 
clear quartz and common white, 
green, and orange accessory min
erals, finely micaceous; moderately 
calcareous, poorly cemented; possible 
ripple lamination seen. Claystone, 
grayish red (5R 4/2 to lOR 4/2); 

Moenkopi Formation (incomplete) -Continued 
Upper slope-forming member-Continued 

finely micaceous; very fissile, paral
lel bedded in beds 3-10 ft thick. Unit 
poorly exposed; weathers to earthy 
and shaly slope with discontinuous 
green-mottled sandstone giving unit 
a horizontal banding --------------------------

Total of upper slope-forming mem-
ber --------------------------------------------------

Total of incomplete Moenkopi 
Formation -------------------------------------

Base of section; not base of exposure. 

Units 1-6 described in Stewart, Poole, and Wilson 
(1972). 

U-28. COTTONWOOD CREEK 

Feet 

80.0 

109.2 

109.2 

Measured on east side of Cottonwood Creek about % mile 
north of where Notch Canyon joins Cottonwood Creek, 
sec. 35 (unsurveyed), T. 34 S., R. 20 E., SLM, San Juan 
County 

[Measured by J. H. Stewart and 0. B. Raup, September 1953] 

Top of section; top of accessible exposure. Top of 
section is N. 64 o E. of The Notch on Elk Ridge 
and 100 ft north of fault which forms minor gully 
or crack in Wingate Sandstone. This fault has 
about 20 ft displacement. 

Wingate Sandstone: 
27. Sandstone, light brown (5YR 6/4) and 

minor yellowish gray (5Y 8/1), 
weathering light brown (5YR 6/4), 
very fine to fine grained, well sorted; 
composed of subrounded to rounded 
clear quartz and uncommon black 
and orange accessory minerals; poor
ly cemented, noncalcareous; com
posed of thin to thick trough sets 
of low-angle medium-scale cross-lam
inae; massive splitting; weathers to 
form vertical cliff. Unit contains com
mon rounded medium to coarse 
grains. Basal 1 ft has poorly de
veloped stratification but appears to 
be horizontally laminated. Only basal 

Feet 

10 ft of unit examined ________________ Unmeasured 
Contact of . Wingate Sandstone and Chinle Forma

tion placed at color change from browns of Win
gate to reds of Chinle. The contact also marks 
the lithologic change from poorly cemented sand
stones composed of subr.ounded to rounded sand 
grains in the Wingate to a well-cemented sand
stone composed of subangular sand grains in the 
Chinle. In addition the sandstone of the Chinle 
contains common interstitial clay, whereas the 
sandstone of the Wingate does not. The sandstone 
of the Chinle contains interstratified siltstone lay
ers and disseminated siltstone pellets. The Win
gate Sandstone contains common rounded medium 
to coarse grains, whereas the Chinle does not. 

Chinle Formation (incomplete) : 
Church Rock Member: 

Rite Bed: 

.... 



STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation (incomplete) -Continued 
Church Rock Member-Continued 

Hite Bed-Continued 
26. Sandstone, pale red (lOR 6/2) and light 

greenish gray (5GY 8/1), weather
ing light brown (5YR 6/4), very fine 
to fine grained, well sorted; com
posed of subangular milky mineral 
and sparse black accessory mineral; 
well cemented, slightly calcareous; 
composed of thin to very thick trough 
sets of small- to medium-scale cross
laminae, platy and massive splitting; 
weathers to vertical cliff continuous 
with vertical cliff of overlying Win
gate Sandstone. Unit contains sparse 
thin lenses of siltstone. Sandstone 
commonly has claystone and siltstone 
pellets as large as 3 in. in diameter. 
Sparse thin lenses of ripple-laminated 
sandstone ............................................... . 

25. Sandstone to siltstone, grayish red (lOR 
4/2) and pale red (lOR 6/2), weath
ering grayish red (lOR 4/2). Sand
stone is very fine grained. Unit as 
whole is firmly cemented, slightly 
calcareous; a lenticular unit of hori
zontal laminae and structureless ma
terial; weathers to form slope. 
Sandstone is ripple laminated and 
dominantly confined to lower half ... . 

Total of Hite Bed ........................... . 

24. Siltstone and sandy siltstone. Siltstone, 
grayish red (lOR 4/2), weathering 
pale reddish brown (lOR 5/4); firmly 
cemented, noncalcareous; structure
less. Sandy siltstone, light brown 
(5YR 6/4), weathering pale reddish 
brown (lOR 5/4), sandy (very fine 
grained) ; firmly cemented, noncalcar
eous; structureless. Sandy siltstone 
is present as two conspicuous hori
zontal beds about 5 ft thick, one near 
base of unit and the other slightly 
above the middle of the unit. These 
beds form conspicuous ledges near 
the top of the Chinle. The rest of the 
unit forms steep slopes. Unit contains 
sparse light-greenish-gray (5GY 8/1) 
spots; these spots are abundant in 
underlying units ................................... . 

Total of Church Rock Member ..... . 

Owl Rock Member: 
23. Limestone, pale red ( 5R 6/2), light 

greenish gray ( 5G 8/1) in top 0.1 ft, 
weathering light brown (5YR 6/4), 
dense, well cemented; horizontal tabu
lar structureless bed; conspicuous 
thin green band at top of unit and 
at base of overlying unit ................. . 

22. Siltstone, light brown (5YR 6/4) and 

Feet 

17.0 

4.3 

21.3 

39.2 

60.5 

.6 

Chinle Formation (incomplete)-Continued 
Owl Rock Member-Continued 

subordinate grayish red (5R 4/2) 
in upper half, weathering same 
colors. Otherwise similar to unit 10 

21. Siltstone (70 percent) and limy sand
stone (30 percent). Siltstone, gray
ish red (5R 4/2 and subordinate lOR 
4/2), weathering same colors, com
mof\lY sandy (very fine grained) ; 
firmly cemented, noncalcareous; 
structureless. Limy sandstone, pale 
red (5R 6/2) and grayish red (5R 
4/2), weathering same colors, very 
fine grained, sparse coarse-grained 
accessory muscovite; well cemented, 
calcareous; ripple laminated, sub
ordinate thin trough sets of small
scale cross-laminae. Limy sandstone 
present as thin to thick sets inter
bedded with siltstone. The number of 
these sets decreases progressively up
ward. One of these sets appears to 
change laterally into a limy siltstone. 
About 200 ft south of the line of sec
tion, these sets near the bottom of 
the unit are dipping at an angle of 
about 20° to the regional dip. Unit 
as whole weathers to form steep 
slope containing small ledges in limy 
sandstone sets ..................................... . 

20. Siltstone, grayish red ( 5R 4/2 and 
lOR 4/2) with abundant light-green
ish-gray (5GY 8/1) spots, weathering 
pale reddish brown (lOR 5/4), firmly 
cemented, calcareous; thinly ripple 
laminated in lower half and structure
less in upper half; weathers to form 
steep rubble-covered slope. Locally at 
base is thin lens of light-greenish-gray 
(5GY 8/1) limestone pellet conglom
erate. Pellets are generally the size 
of coarse grains ............................... . 

19. Siltstone and limestone to limy silt
stone. Siltstone, pale reddish brown 
(lOR 5/4) and grayish red (5R 4/2), 
abundant light-greenish-gray (5GY 
8/1) spots, weathering same colors. 
Otherwise similar to siltstone in 
unit 10. Limestone to limy siltstone, 
pale red (lOR 6/2) and light green
ish gray (5GY 8/1), weathering 
same colors; dense, well cemented; 
structureless. Thin tabular bed of 
limestone occurs from 7.6 to 8.3 ft 
above base of unit. Sparse thin 
lenses of limy siltstone occur 
throughout rest of unit. Limestone 
bed forms small ledge ..................... . 

18. Siltstone, light brown (5YR 6/4), 
weathering same color, contains sev
eral horizontal stratification planes; 
otherwise similar to unit 10 ........... . 
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Feet 

10.6 

53.1 

\ 

16.9 

21.5 
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Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

17. Siltstone to limy siltstone, light brown 
(5YR 6/4) and pale red (lOR 6/2), 
abundant greenish-gray (5GY 8/1) 
spots, weathering light brown (5YR 
6/ 4) ~ firmly cemented, calcareous; 
structureless; weathers ·to form 
ledge. Units 13, 15, and 17 form 
three conspicuous ledges in an in
terval that contains common gray-
ish-red (5R 4/2) siltstone ............... . 

16. Siltstone, grayish red (5R 4/2) in 
lower 5 ft and pale reddish brown 
(lOR 5/4) to light brown (5YR 6/4) 
in rest of unit, abundant light-green
ish-gray (5GY 8/1) spots, weather
ing same colors, otherwise similar to 
unit 10 ................................................. . 

15. Silty limestone, pale red (lOR 6/2) 
with abundant light-greenish-gray 
(5GY 8/1) spots, dense; well ce
mented; composed of horizontal lam
inae to thin beds; weathers to form 
small ledge. Silty limestone contains 
thin films of siltstone and thin dis
continuous layers of silty limestone 
containing about 40 percent coarse 
grains to granules of siltstone and 
limestone ............................................... . 

14. Siltstone, grayish red (5R 4/2) in lower 
6 ft, light brown (5YR 6/4) to mod
erate brown (5YR 4/4) with sparse 
pale reddish brown (lOR 5/4) in rest 
of unit, weathering light brown 
(5YR 6/4), otherwise similar to unit 
10 ···························································· 

13. Limestone, pale red (lOR 6/2) and 
light greenish gray (5GY 8/1), 
weathering light brown (5YR 6/4), 
dense; well cemented; composed of 
horizontal very thin beds; weathers 
to form thin ledge ............................. . 

12. Siltstone, grayish red (5R 4/2), abun
dant light-greenish-gray (5GY 8/1) 
spots, weathering pale reddish brown 
(lOR 5/4); otherwise similar to unit 

10 ······························································ 
11. Silty limestone, pale red (lOR 6/2), 

abundant light-greenish-gray ( 5GY 
8/1) spots, weathering light brown 
(5YR 6/4); dense; well cemented; 
structureless; weathers to form 
small ledge ........................................... . 

10. Siltstone, light brown (5YR 6/4), 
moderate yellowish brown (lOYR 
5/4), 10 percent of pale reddish 
brown (lOR 5/4) and pale red (lOR 
6/2), all colors have common light
greenish-gray ( 5GY 8/1) spots, 
weathering light brown (5YR 6/4), 
firmly cemented, calcareous; struc
tureless; fractures into angular frag-

Feet Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

ments; weathers to form steep slope 
covered by veneer of angular frag
ments. Thin lense of dense grayish
orange-pink (5YR 7/2) limestone at 
58.6 ft above base of unit ............... . 

9. Silty sandstone to sandy siltstone, pale 
reddish brown (lOR 5/4), weathering 
same color, very fine to fine sub
angular sand grains; composition 

3.6 masked; poorly cemented, calcareous, 
stratification concealed; weathers to 
form loose earthy slope. Sparse medi
um-grained accessory muscovite and 
biotite ..................................................... . 

8. Sandstone, pale red (5R 6/2), weath
ering pale reddish brown (lOR 5/4), 

23.3 fine grained, common interstitial 
clay, poorly sorted, composed of sub
angular grains, composition masked; 
firmly cemented, calcareous; com
posed of thin planar sets of low
angle small-scale cross-laminae; 
weathers to form fairly prominent 
ledge in Chinle ................................... . 

7. Siltstone and limestone. Siltstone, pale 
red (5R 6/2) and pale reddish brown 
(lOR 5/4), abundant light-greenish-

3.3 gray (5GY 8/1) spots, weathering 
same colors; well cemented, highly 
calcareous; structureless; . fractures 
into angular fragments. Siltstone 
contains common pale-red ( 5R 6/2) 
and light-greenish-gray · (5GY 8/1) 
limestone nodules averaging about 

26.1 1 in. in diameter. Limestone, one bed 
from 47.6 to 48.2 ft and the other 
from 63.8 to 66.4 ft above base of 
unit. Lower bed is light greenish 
gray (5GY 8/1), and upper bed is 
pale red purple (5RP 6/2). Lime-

2.1 stone, dense, well cemented; present 
as thin horizontal beds interstratified 
with rest of unit. Limestone beds do 
not have definite upper and lower 
boundaries and appear to grade into 

4.8 overlying and underlying siltstone. 
Unit as whole weathers to form steep 
loose slope with small ledges in the 
limestone beds. Along line of section, 
top 1 ft of unit is a conglomerate 
composed of limestone granules and 

.6 pebbles in a matrix of lime and fine
grained sand. This conglomerate is 
not persistent along the exposure and 
possibly may be a basal conglomerate 
of the overlying unit ........................... . 

6. Siltstone, pale red purple (5RP 6/2), 
abundant light greenish gray ( 5GY 
8/1), weathering same colors; well 
cemented, highly calcareous; struc
tureless; fractures into angular 

Feet 

71.6 

21.5 

5.8 

68.4 
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Chinle Formation (incomplete)-Continued 
Owl Rock Member-Continued 

fragments; weathers to form steep 
loose slope. Thin irregular lens of 
pale-red-purple (5RP 6/2) dense 
limestone at 10.2 ft above unit base. 
Units 6 through 27 measured start
ing in prominent gully ·and· continu-
ing up hillside to north ..................... . 

Total of Owl Rock Member ............. . 

Petrified Forest Member (upper and lower 
contacts covered) : 

5. Covered. Units 2 through 5 measured 
in prominent gully. This gully may 
be related to a fracture continuous 
with the one seen near the top of the 
section. Because this fault may be 
present beneath the cover, the thick
nesses of units 2 through 5 might 
be slightly in error. The maximum 
displacement seen on this fault is 

20 ft ························································ 
4. Clayey sandstone, pale purple (5P 

6/2), weathering same color, fine 
grained with subordinate interstitial 
clay, fair sorted, composed of sub
angular grains; composition masked; 
firmly cemented, slightly calcareous; 
composed of very thin to thin planar 
sets of small- to medium-scale low
angle cross-laminae; flaggy splitting; 
exposed in gully bottom. This unit is 
similar to sandstone associated with 
the Petrified Forest Member in the 
type area ............................................... . 

3. Covered ..................................................... . 

Total of Petrified Forest Member ... . 

Moss Back Member: 
2. Sandstone, very pale orange (10YR 

8/2), grayish orange (10YR 7 /4), and 
pale yellowish orange (10YR 8/6), 
weathering very pale orange (10YR 
8/2), fine to medium grained, well 
s'orted, composed of subangular to 
subrounded clear quartz and sparse 
black accessory mineral; poorly to 
firmly cemented, calcareous; abun
dant limonite spots; composed .of thin 
to thick trough and planar sets of 
medium-scale cross-laminae, of thick 
sets of parallel laminae ·or possible 
extremely low angle large-scale cross
laminae, and of thin to thick struc
tureless lenses; dominantly massive 
splitting; weathers to form conspic
uous ledge and bench. No conglom
erate is present along the line of 
section, although slump blocks of 
conglomerate covering part of under
lying unit, suggest that conglomerate 
may occur locally in lowest part of 
Moss Back Member ............................. . 

Feet 

16.8 

425.2 

72.4 

3.5 
3.7 

79.6 

50.9 

Chinle Formation (incomplete) -Continued 
Moss Back Member-Continued 

Total of Moss Back Member 
(upper and lower contacts 
covered) ......................................... . 

Monitor Butte Member: 
1. Covered. Unit is interval from highest 

exposure of Shinarump Member to 
lowest exposure of Moss Back Mem-
ber ........................................................... . 

Total of Monitor Butte Member ... . 

Shinarump Member: 
Not measured or described. Shinarump is 

poorly and only partially exposed. In 
Notch Canyon, sec. 33 and 34, T. 34 S., 
R. 20 E., the Shinarump Member is 11.0 
ft thick. 

Total of Chinle Formation (using 11.0 
ft as thickness of Shinarump Mem-
ber) ......................................................... . 

Base of section; base of local exposure. Section starts 
about 200 ft east of Cottonwood Wash and about 
100 ft north of prominent side gully of Cottonwood 
Creek. 

U-29. HITE 

Feet 

50.9 

50.9 

50.9 

678.1. 

Measu'red beginning near the Colorado River at The Horn and 
continuing up promonto1·y to the north. Promontory 1% 
miles south-southeast of Hite, Utah, long 110°25'1,.0" W., 
lat 37° 1,.7'05" N., San Juan County 

[Measured by J. H. Ste'":art, November 1952] 

Top of section; not top of outcrop. 
Wingate Sandstone: 

36. Sandstone, light brown (5YR 6/4), 
weathering same color, fine to very 
fine grained, well sorted; composed 
of subrounded clear quartz and sparse 
black accessory minerals; poorly ce
mented, highly calcareous; composed 
of thin small- to medium-scale trough 
sets of cross-laminae; massive split
ting; weathers to form vertical cliff. 
Only lower 30 ft of unit examined. 
Bottom 14 ft contains common to 
abundant rounded to well-rounded 
coarse grains of clear and amber 
quartz. From 3.3 to 5.9 ft above base 
of unit sandstone does not contain 
coarse grains and is horizontally lami
nated and ripple laminated. Basal 

Feet 

contact sharp .................................. Unmeasured 
Chinle Formation: 

Church Rock Member: 
'Hite Bed: 

35. Sandstone and conglomeratic sandstone 
to cobble conglomerate. Sandstone, 
pale red (5R 6/2), common pale red
dish brown (lOR 5/4) and pale yel
lowish orange (lOYR 8/6) to dark 
yellowish orange (lOYR 6/6), weath
ering pale red (5R 6/2) and light 
brown (5YR 6/4), fine to medium 
grained, uncommon interstitial green 
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Chinle Formation-Continued 
Church Rock Member-Continued 

Hite Bed-Continued 
silt, well sorted; composed of sub
angular clear quartz and uncommon 
green and orange accessory minerals, 
common fine-grained white mica; 
firmly cemented, noncalcareous to 
moderately calcareous; composed of 
horizontal laminae and thin small- to 
medium-scale trough sets of low
angle cross-laminae; platy and blocky 
to massive splitting. Contains uncom
mon pale-reddish-brown (lOR 5/4) 
granules and pebbles of siltstone. 
Conglomeratic sandstone to cobble 
conglomerate, pale red (5R 6/2) to 
pale reddish brown (lOR 5/4), weath
ering light brown (5YR 6/4), fine 
to medium grained, abundant gran
ules to cobbles, poorly sorted; com
posed of sand grains like sandstone 
part of unit and round very coarse 
grains to cobbles of siltstone and 
sandy siltstone; firmly to well ce
mented, noncalcareous; structureless, 
slabby to massive splitting. Cobbles 
disk shaped and have a maximum 
long dimension of 1.2 ft. Unit as 
whole is tabular. Weathers to form 
vertical cliff. Basal 0.6 ft of unit is 
cobble conglomerate; 0.6 to 1.6 ft 
pebble conglomerate; 1.6 to 4.1 ft 
sandstone; 4.1 to 7.9 ft pebble con
glomerate; 7.9 to 8.9 ft cobble con
glomerate; 8.9 to 27.8 ft sandstone; 
27.8 to 28.8 ft granule conglomerate; 
28.8 to 34.0 ft sandstone ----------------------

Total of Hite Bed ------------------------------

34. Siltstone, similar to unit 31. Contains 
common thin sets of s~ndy siltstone 
in top 5 ft of unit similar to that in 
unit 33 and grayish-orange part of 
unit 32. These thin sets dip at an 
angle of 30° to the regional dip and 
are truncated by the. overlying unit. 
Unit does not contain swelling clays 

33. Sandy siltstone (70 percent) and silt
stone (30 percent). Sandy siltstone, 
light brown (5YR 6/4) and pale red 
(lOR 6/2), weathering same colors, 
abundant very fine sand grains; un
common fine-grained mica, common 
limonite stains; well cemented, non
calcareous; composed of thin sets of 
ripple laminae and horizontal laminae 
interbedded with siltstone; platy split
ting. Siltstone, similar to unit 31. 
Entire unit is tabular. Unit weathers 
to form minor ledge. Poorly exposed 
granule conglomerate occurs from 0.0 
to 0.9 ft and 1.4 to 2.0 ft above base 

Feet 

34.0 

34.0 

9.3 

Chinle Formation-Continued 
Church Rock Member-Continued 

of unit. Granule conglomerate, pale 
yellowish brown (lOYR 6/2), weath
ering same color, composed of gran
ules, abundant medium to very coarse 
sand grains, and sparse pebbles of 
siltstone, poorly sorted; firmly ce
mented, noncalcareous; stratification 
and splitting concealed. Unit does not 
contain swelling clays --------------------------

32. Sandy siltstone, similar to unit 30. 
Abundant grayish orange (lOYR 7 /4) 
from 7.7 to 14.4 ft above base of unit. 
Unit weathers to form lighter colored 
blocky splitting cliff from 7.7 to 14.4 
ft above base of unit; rest of unit is 
steep slope. Unit does not contain 
swelling clays ----------------------------------------

31. Siltstone, pale reddish brown (lOR 5/4), 
weathering same color and pale red 
(lOR 6/2) ; firmly cemented, non
calcareous; stratification concealed; 
weathers to form steep rubble-covered 
slope. Common light-greenish-gray 
(5GY 8/1) spots. Unit does not con
tain swelling clays --------------------------------

30. Sandy siltstone, pale reddish brown 
(lOR 5/4) and abundant light-green
ish-gray (5GY 8/1) spots as much as 
1% in. in diameter, abundant very 
fine sand grains; firmly cemented, 
moderately calcareous; composed of 
horizontal laminae; platy, blocky, and 
massive splitting; weathers to form 
vertical cliff in lower 20 ft and steep 
loose slope in rest of unit. Bottom 
3.2 ft of unit contains sandy siltstone 
that contains abundant light-green
ish-gray ( 5GY 8/1) mottles and is 
well cemented with a calcareous ce
ment. Abundant light-greenish-gray 
(5GY 8/1) mottles about 26 ft above 
base of unit produces a light-colored 
band 0.5 ft thick. Unit does not con
tain swelling clays ------------------------------

Total of Church Rock Member _____ _ 

Owl Rock Member: 
29. Siltstone, pale red (5R 6/2) in basal 

4 ft and pale reddish brown (lOR 
5/ 4) in rest of unit, weathering pale 
red (lOR 6/2), similar to unit 27. 
Basal 4 ft contains swelling clays ___ _ 

28. Sandstone and granule to pebble con
glomerate. Sandstone, pale red (lOR 
6/2) and common light greenish gray 
(5GY 8/1), weathering same colors, 
medium grained, well sorted; com
posed of subangular clear quartz and 
abundant (10 percent) orange, green, 
and black accessory minerals; firmly 
cemented, calcareous; composed of 

Feet 

3.6 

15.7 

10.3 

28.3 

101.2 

10.4 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

thin small-scale trough sets. of low
angle cross-laminae, festoons well 
developed; platy splitting. Granule 
to pebble conglomerate, light green
ish gray (5G 8/1), weathering same 
color, composed of well-rounded to 
subrounded coarse grains to cobbles 
of limestone in a calcite matrix; 
poorly sorted; poorly cemented, cal
careous; composed of thin to thick 
horizontal beds; slab by blocky weath
ering. Entire unit is tabular. Unit 
weathers to form ledge. Granule to 
pebble conglomerate from 0.0 to 3.1 
ft, 4.1 to 5.2 ft, and 12.5 to 13.0 ft 
above base of unit. Granule and peb
ble conglomerate at top of unit thick
ens to about 3 ft 30 ft to east of line 
of section --····---·-------------····------··-------------

27. Silty claystone to siltstone, grayish red 
purple (5RP 4/2), (weathering pale 
red purple ( 5RP 6/2)) from 0.0 to 
5.0 ft above base of unit; pale reddish 
brown (lOR 5/4) and uncommon 
grayish red purple (5RP 4/2) 
(weathering pale red (lOR 6/2) and 
pale red purple (5RP 6/2)) from 5.0 
to 47.4 ft; light brown (5YR 6/4) 
(weathering grayish orange (lOYR 
7/4)) from 47.4 to 65.8 ft; pale red
dish brown (lOR 5/4) (weathering 
pale red (lOR 6/2)) from 65.8 to 
80.6 ft; well cemented, highly calcare
ous in places, noncalcareous in places; 
stratification concealed; weathers to 
form steep rubble-covered slope. Com
mon to abundant light-greenish-gray 
(5GY 8/1) spots. Sparse (1 percent) 
light-greenish-gray ( 5GY 8/1) thin 
horizontal beds of granule conglom
erate. Granules are composed of lime
stone. Strata in basal 65.8 ft of unit 
contain mostly swelling clays; rest of 
unit does not contain swelling clays 

26. Sandstone, pale red (lOR 6/2) and 
common light greenish gray (5GY 
8/1), weathering same colors, fine to 
medium grained, fair sorted; com
posed of subangular clear quartz and 
uncommon to common orange and 
black accessory minerals; firmly ce
mented, moderately calcareous; com
posed of thin small- to medium-scale 

· trough and planar sets of cross
laminae; platy splitting; weathers to 
form ledge. Bottom 1 ft of unit· is 
sandstone, light greenish gray (5GY 
8/1) ,· very coarse grained, poorly 
sorted; composed· of rounded to well
rounded limestone grains; poorly 
cemented, highly calcareous; thin 
pat·allel beds; slabby splitting ----------

Feet Chinle Formation-Continued 
Owl Rock Member-Continued 

25. Siltstone and limestone interbedded. 
Siltstone, pale red (lOR 6/2), com
mon pale red purple (5RP 6/2); 
firmly to well cemented, highly cal
careous; stratification concealed; 
fractures into angular fragments. 
Common light-greenish-gray (5G 8/1) 
spots. Limestone, light gre~nish gray 
(5GY 8/1) and sparse grayish red 
purple (5RP 4/2), weathering same 
colors and light brown (5YR 6/4), 
dense, sparse medium-grain-size cal
cite crystals; well cemented; com
posed of very thin to thin horizontal 
beds; slabby to blocky splitting. Lime
stone occurs in thin to very thin sets 
interbedded with siltstone. Unit 
weathers to form steep slope in lower 

13.0 part and vertical cliff in upper part; 
in places entire unit weathers to form 
vertical cliff. Unit forms prominent 
light-colored band. Limestone units 
weather to form small ledges. Lime
stone sets occur from 16.7 to 18.6 ft, 
19.6 to 22.1 ft, 31.2 to 36.0 ft, and 
43.6 to 46.8 ft above base of unit. 
Abundant thin discontinuous lime
stone beds occur in basal 16.7 ft of 
unit ----------·------·-----------··-----------···---------··--

· Total of Owl Rock Member --·-··-----· 

Contact of Owl Rock and Petrified Forest Mem
bers placed at base of unit contains limestone 
beds typical of Owl Rock Member. 

Petrified Forest Member: 
24. Siltstone, pale reddish brown (lOR 5/4) 

in lower half grading to light brown 
(5YR 6/4) in upper half, weathering 
same colors; firmly to well cemented, 
calcareous; stratification concealed; 
fractures into angular fragments; 
weathers to form steep slope. Unit 
forms prominent color band in Chinle 

80.6 formation. Common to abundant light
greenish-gray spots (5GY 8/1). 
Grades into overlying unit. Contains 
swelling clays in places -----·--·------·------

23. Silty sandstone of types 1 and 2. Type 
1, light greenish gray (5G 8/1), 
weathering greenish gray (5GY 6/1), 
coarse grained, abundant interstitial 
silt, poorly sorted; composed pre
dominantly of round limestone grains; 
poorly cemented, highly calcareous; 
stratification poorly exposed but prob
ably consists of horizontal laminae 
and common thin small trough sets 
of cross-laminae; platy splitting. Rare 
fossil teeth ( ?) . Type 2, pale reddish 
brown (lOR 5/4), light-greenish-gray 
(5GY 8/1) spots, weathering same 

6.0 colors, very fine grained, abundant 

279 

Feet 

46.8 

156.8 

23.2 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

silt, poorly sorted; composition not 
determinable; firmly cemented, highly 
calcareous; ripple laminated; platy 
splitting. Type 1 silty sandstone is 
from 0.0 to 1.2 ft and 2.2 to 4.2 ft 
above base of unit; rest of unit is 
type 2 silty sandstone. Unit weath
ers to form steep slope. Unit con
tains some swelling clays. Offset in 
section so that overlying units mea
sured 500 ft east of where underlying 
units were measured ........................... . 

22. Clayey siltstone, dark reddish brown 
(lOR 3/4) from 0.0 to 1.8 ft above 
base of unit, grayish red purple ( 5RP 
4/2) from 1.8 to 11.1 ft, and pale 
reddish brown (lOR 5/4) from 11.1 
to 42.0 ft, weathering same colors. 
Laterally a large part of the reddish
brown interval becomes dark reddish 
brown (lOR 4/4) and weathers light 
brown (5YR 5/6). Unit is firmly 
cemented, calcareous; stratification 
concealed; fractures into angular 
fragments; weathers to form steep 
frothy slope. Light-greenish-gray 
( 5GY 8/1) limy spots throughout unit. 
Unit contains some swelling clays .... 

Total of Petrified Forest Member 

Moss Back Member: 
21. Sandstone, predominantly pale-red (lOR 

6/2) and minor pinkish-gray (5YR 
8/1) and yellowish-gray (5Y 8/1); 
weathers moderate brown (5YR 4/4) 
and brownish black (5YR 2/1); fine 
to medium grained, well sorted; com
posed of subrounded clear quartz and 
sparse white, orange, and black ac
cessory minerals; locally sparse thin 
conglomeratic beds contain quartz, 
claystone, and siltstone granules and 
pebbles; firmly cemented, calcareous, 
limonite stains as spots 0.25-0.5 mm 
in size; composed of thin trough sets 
of small- and medium-scale cross
laminae, uncommon parallel laminae; 
platy to blocky and massive splitting; 
weathers to form most prominent 
cliff and bench in Chinle Formation. 
Top 8.8 ft weathers back to form a 
bench and is very poorly exposed ..... . 

20. Sandstone, pale-red-purple ( 5RP 6/2) 
and light-brownish-gray (5YR 6/1); 
weathers same colors; very fine 
grained, common clay minerals, fair 
sorting; angularity and composition 
mostly concealed; bottom 4 ft well 
cemented and highly calcareous, and 
contains abundant reddish-brown, 
greenish-gray, and yellow-brown silt
stone granules and pebbles; firmly 

. Feet 

15.3 

42.0 

80.5 

48.0 

Chinle Formation-Continued 
Moss Back Member-Continued 

cemented, noncalcareous; unit is tabu
lar, but varies in thickness; thin to 
thick trough sets of medium-scale 
low-angle cross-laminae; platy split
ting; weathers to form cliff. Base of 
Moss Back channels as much as 3 ft 
into underlying Monitor Butte Mem-
ber ........................................................... . 

Total of Moss Back Member ......... . 

Monitor Butte Member: 
19. Silty claystone to clayey sandstone, 

light-greenish-gray ( 5GY 8/1) to 
greenish-gray (5GY 6/1), and minor 
grayish-red (lOR 5/2) ; composed of 
silty clay to very fine grained sand 
with abundant clay; common fine
grained white mica; firmly. to well 
cemented, argillaceous; stratification 
mostly concealed; weathers to form 
steep frothy slope. Sparse interbed
ded thin sets of ripple-laminated 
sandstone that is light greenish gray 
(5GY 8/1) and grayish red (lOR 
4/2) ; weathers same colors; very fine 
grained, well sorted; well cemented, 
highly calcareous; ripple laminated 
platy splitting ....................................... . 

18. Sandstone and conglomeratic sandstone, 
light-greenish-gray (5GY 8/1) and 
yellowish-gray (5Y 8/1) ; weathers 
same colors and pale yellowish brown 
(10YR 6/2); fine to very fine grained; 
top 5 ft well sorted; bottom 4 ft fair 
to poorly sorted and contains medium 
grains and abundant coarse to very 
coarse grains, granules, and pebbles; 
composed of subrounded clear quartz 
and common orange and black acces
sory minerals (granules and pebbles 
are composed of limestone and limy 
siltstone) ; firmly cemented, highly 
calcareous; unit is tabular, consists 
of thin trough sets of small- to me
dium-scale cross-laminae, sparse pa-r
allel laminae to thin beds; platy to 
slab by splitting; weathers to form 
minor ledge that is fairly persistent 
along outcrop ....................................... . 

17. Silty claystone to clayey sandstone and 
sandstone. Silty claystone to clayey 
sandstone is light greenish gray (5GY 
8/1) to greenish gray (5GY 6/1), 
red purple (5RP 4/2) from 82.0 to 
86.0 ft above base of unit; weathers 
predominantly light greenish gray 
(5GY 8/1) ; ranges from silt with 
abundant clay to very fine grained 
sand with abundant silt and clay, fair 
sorting; sand grains are composed 
of subangular clear quartz and com
mon orange and black accessory min-

Feet 

13.0 

61.0 

91.1 

9.0 
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Chinle Formation-Continued 
Monitor Butte Member-Continued 

erals, common fine-grained white 
mica; poorly to well cemented, mod
erately to highly calcareous; stratifi
cation mostly concealed, but sparse 
laminae seen; splitting mostly con
cealed, but where seen is highly 
fractured with common slickensided 
surfaces. Silty claystone is confined 
to bottom 30-40 ft of unit. Along out
crop, bottom 3-20 ft is variegated 
with grayish purple (5P 4/2), gray
ish yellow (5Y 8/1), and grayish red 
(lOR 4/2) with common dark-yellow
ish-orange (lOYR 6/6) stain along 
fracture surfaces; and contains sparse 
limestone nodules as much as 5 in. in 
diameter. Sandstone, light greenish 
gray (5GY 8/1) and pale yellowish 
brown (lOYR 6/2) ; weathers pre
dominantly light greenish gray ( 5GY 
8/1) and dark yellowish brown (lOYR 
4/2) ; very fine grained, fair to well 
sorted; composed of subangular clear 
quartz and sparse black accessory 
minerals; well cemented, calcareous; 
ripple laminated, common parallel 
laminae, and probably some thin 
trough and planar sets of medium
scale low-angle cross-laminae; platy to 
slabby splitting. Sandstone is charac
teristically contorted and slumped as 
the result of penecontemporaneous ( ?) 
deformation. Unit as a whole weath
ers to form steep rubble-covered slope 
containing small irregular ledges ..... . 

Total of Monitor Butte Member ... . 

Total of Chinle Formation ............. . 

Contact between Moenkopi and Chinle is sharp and 
marks a change from red rocks below to green 
rocks above. Strata above the contact contain 
swelling clays, whereas those below do not. 

Moenkopi Formation (incomplete) : 
Upper slope-forming member: 

16. Siltstone, grayish-red (lOR 4/2); weath
ers same color; common fine-grained 
mica; firmly cemented, slightly cal
careous; unit is tabular, consists of 
parallel laminae; platy splitting; 
weathers to form steep slope. Sparse 
laminae and very thin sets of lami
nae of grayish-yellow (5Y 8/4) 
calcareous sandy siltstone are inter-
stratified with the siltstone ............... . 

15. Siltstone (80 percent) and sandy silt
stone (20 percent). Siltstone, pale 
reddish brown (lOR 5/4) and grayish 
red (lOR 4/2) ; weathers same col
ors; common fine-grained white mica; 
firmly cemented, noncalcareous; pre
dominantly parallel laminated with 

Feet 

87.0 

187.1 

586.6 

39.2 

Moenkopi Formation (incomplete) -Continued Feet 

Upper siope-forming member-Continued 
minor ripple laminae; platy splitting. 
Sandy siltstone, grayish orange 
(lOYR 7/4) and minor pale red (lOR 
6/2) ; weathers grayish orange (lOYR 
7/4) and pale reddish brown (lOR 
5/ 4) ; composed of silt with abundant 
very fine sand grains; well cemented, 
calcareous.; predominantly ripple 
laminated, sparse thin trough sets of 
medium-scale cross-laminae; platy to 
blocky splitting. Cross-laminated sets 
confined to pale-red very thick cosets 
from 8.8 to 10.8 ft, 18.5 to 21.5 ft, 
35.8 to 37.8 ft, and 60.1 to 65.8 ft 
above base of unit. These cross-lami
nated cosets grade laterally into rip
ple-laminated sets. Entire unit is 
tabular and weathers to form a gen-
tle to steep slope with small ledges 
in the cross-laminated cosets ........... . 

14. Sandy siltstone, similar to that in unit 9 

Total of upper slope-forming 
member ........................................... . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Base of section; not base of exposure. 

Units 1-13 described in Stewart, Poole, and Wilson 
(1972). 

U-30. JACOBS CHAIR 

118.4 
3.3 

161.4 

161.4 

Measured from Jacobs Chai'r road, at a point S. 1,.9° W. of 
Jacobs Chair, to the weste'tn point of Jacobs Chair, line of 
section is N. 26° E., long 110° 12'00" W., lat 37° 1,.3'40" N., 
San Juan County 

[Measured by J. H. Stewart and G. A. Williams, October 1952] 

Top of accessible exposure. Feet 

Wingate Sandstone: 
47. Sandstone, pale reddish brown (lOR 

5/4) and yellowish gray (5Y 8/1), 
weathering pale reddish brown (lOR 
5/4) , very fine grained, well sorted; 
composed of subround to round clear 
quartz and uncommon orange, green, 
and black accessory minerals; firmly 
cemented, noncalcareous; composed of 
thin to thick medium-scale trough to 
planar sets of low-angle cross-lami
nae; massive splitting; weathers to 
form vertical cliff. Bottom 6 ft con
tains abundant subround to round 
coarse grains. Basal contact sharp 
and smooth ...................................... Unmeasured 

Chinle Formation: 
Church Rock Member: 

46. Siltstone, similar to unit 35, weathers 
to form steep slope which is covered 
with blocks from the Wingate Sand-
stone ........................................................ 13.5 

45. Siltstone, similar to unit 35 except is 
structureless. Blocky to massive split
ting, weathers to form prominent 
ledge ........................................................ 9.9 
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Chinle Formation-Continued 
Church Rock Member-Continued 

44. Siltstone, similar to unit 35, weathers 
to form steep rubbly slope ................. . 

43. Limy siltstone, similar to 32 except 
for predominance of thin small-scale 
trough sets of thin cross-laminae .· ..... 

42. Siltstone, similar to unit 35, weathers 
to a steep rubble-covered slope ......... . 

41. Limy siltstone, similar to unit 32, weath-
ers to form small ledge ..................... . 

40. Siltstone, similar to unit 35 -except for 
presence of common light-greenish
gray (5GY 8/1) mottling; weathers 
to form steep rubble-covered slope .... 

39. Limy siltstone, similar to unit 32, weath-
ers to form ledge ................................. . 

38. Sandstone and siltstone, pale reddish 
brown (lOR 5/4) and minor light 
greenish gr·ay (5GY 8/1), weather
ing pale reddish brown (lOR 5/4), 
grades from very fine grained sand
stone in lower 6 ft to siltstone in rest 
of unit. Sandstone, well sorted; com
posed of subangular clear quartz and 
sparse black accessory minerals; 
firmly to well cemented, slightly cal
careous. Unit as a whole is tabular, 
very thin horizontally bedded, platy 
to flaggy splitting and weathers to 
form steep loose slope with ledge at 
base ......................................................... . 

37. Siltstone, pale reddish brown (lOR 5/ 4), 
common light greenish gray ( 5GY 
8/1), weathering pale reddish brown 
(lOR 5/4); firmly to well cemented, 
non calcareous; composed of horizon
tal laminae and thin beds, sparse 
thick beds; platy to blocky splitting, 
fractures into pebble-sized angular 
fragments; weathers to form steep 
loose slope with small ledges. Massive 
splitting ledge occurs from 20.5 ft to 
27.0 ft above base of unit ................. . 

36. Limy siltstone, similar to unit 32 ex
cept for presence of uncommon hori
zontal laminae and very thin beds. 
One poorly developed very thin small
scale trough set of low-angle cross-
laminae occurs in unit ....................... . 

35. Siltstone, pale reddish brown (lOR 5/4), 
weathering same color; firmly ce
mented, noncalcareous; stratification 
concealed; fractures into angular 
pebble-sized fragments; weathers to 
form steep rubble-covered slope. Un
common light-greenish-gray ( 5GY 
8/1) spots ............................................. . 

Total of Church Rock Member ..... . 

Owl Rock Member: 
34. Limy siltstone, similar to unit 32; 

weathers to form prominent ledge .... 

Feet 

6.3 

1.0 

7.1 

1.8 

20.3 

3.3 

25.9 

27.0 

3.2 

1.1 

120.4 

3.6 

Chinle Formation-Continued 
Owl Rock Member-Continued 

33. Siltstone, similar to unit 31 except for 
lack of ripple laminae and of thin 
horizontally laminated sets; weath-
ers to form steep smooth slope ....... . 

32. Limy siltstone, light greenish gray 
(5GY 8/1) and minor pale red (lOR 
6/2), weathering light greenish gray 
(5GY 8/1) and pale reddish brown 
(lOR 5/4); well cemented, calcare
ous; composed of thin horizontal 
beds; slab by to blocky splitting; 
weathers to form small ledge ........... . 

31. Siltstone, pale red (lOR 6/2) and light 
brown (5YR 6/4), weathers pale red 
(lOR 6/2), with light-greenish-gray 
spots (5GY 8/1); firmly cemented, 
calcareous; stratification concealed·; 
weathers to form steep loose slope. 
Basal 2.3 ft of unit and from 5.1 ft 
to 8.9 ft above base contains ripple
laminated and horizontally laminated 
sandy siltstone sets which are com
monly altered to light greenish gray 
(5GY 8/1). Unit contains sparse 
light-greenish-gray (5GY 8/1) limy 
siltstone beds. Unit distinguished 
from one below by presence at base 
of ripple-laminated and horizontally 
laminated sets. These sets crop out 
as small ledges and form a lighter 
colored band ......................................... . 

30 .. Siltstone, pale red (lOR 6/2) and pale 
red purple (5RP 6/2) in basal 54.5 
ft of unit and predominantly pale 
reddish brown (lOR 5/4) and minor 
light brown (5YR 6/4) in rest of 
unit, light-greenish-gray (5GY 8/1) 
spots throughout, weathers pale red 
purple (5RP 6/2) in basal 54.5 ft of 
unit and pale reddish brown (lOR 
5/4) in rest of unit; sandy (very fine 
grained) in places; firmly cemented, 
calcareous; stratification concealed; 
weathers to form steep slope. Sparse 
light-greenish-gray (5GY 8/1) thin 
horizontal sets of limestone through
out unit. Limestone bed from 89.7 to 
91.2 ft above base of unit similar to 
that in unit 20. This bed pinches out 
within 20 yds along outcrop. Top 1.7 
ft of unit similar to unit 21 ............... . 

29. Sandstone, similar to .. unit 22 except for 
presence of very thin horizontal beds 
of well cemented sandstone; weath
ers to form steep rubble-covered slope 
with well-cemented sandstone form-
ing 2 to 4 in. ledges ........................... . 

28. Sandstone similar to unit 26 except for 
presence of fragments as large as 
pebble size; weathers to form small 
ledge ....................................................... . 

Feet 

1.8 

.8 

55.3 

92.9 

5.4 

1.7 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

27. Sandy siltstone, grayish -red (5R 4/2), 
weathering same.color, similar to unit 
23 except for presence of sandy parts 
and thin light-greenish-gray (5GY 
8/1) horizontally laminated sets of 
fine-grained sandstone (10 percent) ; 
weathers to form steep rubble-covered 
slope. May contain swelling clay in 
the sandy siltstone .........•...................... 

26. Sandstone, light greenish gray (5G 
8/1), weathering light olive gray (5Y 
6/1), coarser to very coarse grained, 
common granules, poorly sorted; com
posed of rounded limestone grains 
and granules and sparse red acces
sory grains; firmly cemented, calcar
eous; composed of thin horizontal 
beds and thin small-scale trough to 
planar sets of low-angle cross-lami
nae; slab by splitting; weathers to 
form minor ledge ................................. . 

25. Sandy siltstone, pale reddish brown 
(lOR 5/4) and pale red (5R 6/2); 
weathering same colors, otherwise 
similar to unit 23. Locally contains 
swelling clay ......................................... . 

24. Sandstone, pale red (lOR 6/2), light
greenish-gray (5GY 8/1) mottling, 
weathering same colors, very fine 
grained, clayey, fair sorted; com
posed of subangular clear quartz and 
common orange, green, and black ac
cessory minerals; firmly cemented, 
calcareous; composed of thin trough 
sets of medium-scale low-angle cross
lamination, some horizontal laminae; 
platy splitting; weathers to form 
steep ledgy slope ................................. . 

23. Sandy siltstone, grayish red ( 5R 4/2), 
weathering pale red (lOR 6/2), com
mon very fine grained sand, common 
fine to very fine grained white mica; 
stratification concealed; weathers to 
form steep rubble-covered slope. Lo-
cally contains swelling clay ............... . 

22. Sandstone, pale red (lOR 6/2), very 
fine grained, clayey, fair sorted; com
posed of subangular clear quartz and 
common orange and green accessory 
minerals; poorly cemented, calcar
eous; bedding concealed; weathers to 
form rubble-covered slope. Unit poorly 
exposed. May contain swelling clay .... 

21. Sandstone and conglomerate, greenish 
gray (5G 6/1), weathering same 
color, poorly sorted; composed of 
rounded coarse grains to pebbles of 
limestone and abundant interstitial 
calcite; poorly cemented, calcareous; 
stratification concealed; massive split
ting; weathers to form steep loose 
slope ....................................................... . 

472-202 0 - 72 - 19 

Feet Chinle Formation-Continued 
Owl Rock Member-Continued 

20. Limestone, light greenish gray ( 5G 
8/1) and minor pale red (lOR 6/2), 
weathering light greenish gray, litho
graphic; well cemented, calcareous; 
composed of thin horizontal beds; 
slab by splitting; weathers to form 
prominent ledge. Upper 6 in. of unit 
contains pebble-sized irregular masses 

4.8 of medium-light-gray (N 6) chert as 
stringers and nodules ......................... . 

19. Siltstone, pale red purple (5RP 6/2) 
to pale red ( 5R 6/2) , weathering 
same colors, no swelling clays; firmly 
to well cemented; structureless; frac
tures into angular fragments; weath
ers to form steep slope. Contains a 
few thin lenticular light-greenish
gray (5GY 8/1) silty limestone beds. 
Thick silty limestone bed is present 
near base of unit about 200 ft west 

1.5 of line of section ................................. . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
18. Clayey siltstone to siltstone, grayish red 

2.5 purple (5RP 4/2) and grayish red 
(5R 4/2), weathering same colors, 
swelling clays in some parts of unit; 
firmly cemented, calcareous; struc
tureless; weathers to form steep slope. 
Unit contains common light-greenish
gray (5GY 8/1) limestone nodules. 
Unit grades into overlying unit. In 
places, unit weathers with a slightly 
frothy surface ..................................... . 

17. Sandstone, pale red (lOR 6/2), weath
ering same color, very fine grained, 

5.2 fair sorted; contains swelling clays 
as interstitial material in some parts, 
composed of subangular clear quartz 
and abundant orange, red, and green 
accessory minerals, accessory min
erals constitute about 20 percent of 
rock, abundant fine grained white and 

7.4 dark-green mica; poorly to firmly ce
mented, noncalcareous; stratification 
concealed; massive splitting; weath
ers to form steep rubble-covered slope. 
One thin trough set of medium-scale 
cross-laminae noted near base of unit. 
Limy nodules common on bedding 
planes ..................................................... . 

10.5 16. Sandstone to conglomerate, light gray 
(N 7), medium light gray (N 6) and 
light greenish gray (5GY 8/1), weath
ering brownish gray (5YR 4/1), pre
dominantly coarse to very coarse 
grained, some fine grained parts and 
some conglomerate, poorly sorted; 
composed of subangular clear quartz 
grains and of granules to pebbles (as 

2.4 large as 1 in.) of limestone and 
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Feet 

4.6 

52.6 

253.0 

21.2 

21.6 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

siltstone, common green and orange 
accessory minerals, common medium
grained white and dark mica; firmly 
to well cemented, calcareous; com
posed predominantly of alternating 
sets of fine-grained sandstone, coarse
grained sandstone, and granule con
glomerate; composed of thin trough 
sets of small-scale cross-laminae, 
some thin beds; slab by splitting; 
weathers to form prominent .ledge .... 

15. Siltstone (70 percent) ·and sandstone 
(30 percent), grayish red (lOR 4/2, 
5R 4/2) and greenish gray (5GY 
6/1) , colors mottled, weathering same 
colors. Siltstone, sparse fine-grained 
mica; firmly cemented, calcareous; 
stratification concealed. Sandstone, 
fine grained, clayey, poorly sor.ted; 
composed of subangular clear quartz 
and common green and gray acces
sory minerals, common dark-green 
coarse-grained mica flakes; firmly 
cemented, calcareous; intergrades 
with siltstone; thin small-scale sets 
of cross-laminae; platy splitting in 
part. Unit as a whole is tabular. 
Weathers to form steep rubble-cov-
ered slope ------------------------------------------------

14. Sandstone, light greenish gray (5GY 
8/1), light brownish gray (5YR 6/1), 
grayish yellow green (5GY 7/2) and 
pale greenish yellow (lOY 8/2), 
weathering yellowish gray (5Y 8/1) 
and light greenish gray (5GY 8/1), 
fine grained, fair sorted; composed of 
subangular clear quartz, and com
mon orange, green, and gray acces
sory minerals; firmly and poorly 
cemented, calcareous; stratification 
concealed except for trough sets of 
small- to medium-scale low-angle 
cross-laminae in firmly cemented parts 
(10 percent) ; firmly cemented parts 
slabby splitting, splitting concealed 
in rest of unit; weathers to form 
steep rubble-covered slope with small 
ledges in firmly cemented parts. Unit 
poorly exposed --------------------------------------

Total of Petrified Forest Member 

Moss Back Member: 
13. Conglomerate and sandstone. Sand

stone, very pale orange (lOYR 8/2), 
weathering pale red (lOR 6/2), fine 
grained, fair sorted; composed of sub
angular clear quartz and uncommon 
green accessory minerals, some li
monite ( ?) spots, common white in
terstitial mineral, probably calcite; 
firmly cemented, calcareous; com
posed of thin to thick trough sets of 

Feet 

6.9 

38.9 

24.6 

113.2 

Chinle Formation-Continued 
Moss Back Member-Continued 

medium-scale low-angle cross-laminae, 
some horizontal laminae, and sparse 
very thin to thick horizontal beds; 
platy to massive splitting. Conglom
erate, same colors as sandstone, poorly 
sorted; composed of (1) granules, 
pebbles, and cobbles of sandstone, 
quartz, chert, and limestone, and (2) 
matrix same as sandstone in rest of 
unit; firmly cemented, calcareous; 
composed of thin trough sets of me
dium-scale cross-laminations and ir
regular horizontal beds; slab by to 
massive splitting; conglomerate oc
curs from 0.0 to 0.8 ft and from 2.7 
to 3.5 ft above base of unit. Unit as 
whole weathers to form most promi
nent ledge in Chinle Formation. Con
tains fossil tree trunks as much as 
6 in. in diameter and some plant 
impressions. Bedding planes in upper 
part of unit are very smooth --·---------

Total of Moss Back Member _________ _ 

Monitor Butte Member: 
12. Siltstone, predominantly greenish gray 

(5GY 6/1, 5G 6/1) and subordinate 
grayish-red-purple ( 5RP 4/2) inter
vals in middle and upper parts; sandy 
(very fine grained) in places; firmly 
cemented, calcareous and argilla
ceous; stratification concealed; mas
sive splitting; fractures into angular 
pebble-sized fragments; weathers to 
form steep rubble-covered slope. Unit 
contains sparse clayey sandstone that 
intergrades with siltstone. Sandstone 
is very fine grained and clay-rich and 
contains abundant orange, green, and 
red accessory minerals. Upper 6 ft of 
·unit contains abundant irregular lime
stone concretions ----------------------------------

11. Sandstone, light greenish gray ( 5GY 
8/1, 5G 8/1), weathering same colors, 
fine to medium grained, common in
terstitial green clay, fair sorted; com
posed of subangular clear. and milky 
quartz and abundant orange and 
green accessory minerals; sparse me
dium-grained white mica; firmly to 
poorly cemented·, noncalcareous; stra
tification poorly exposed, but prob
ably predominantly thin trough sets 
of small-scale cross-strata; platy and 
massive splitting; weathers back to 
form bench on top of underlying 
unit. Base of unit contains several 
fossil trees as large as 2 ft in diam
eter and 70 ft long. Firmly cemented 
parts of unit weather to form ribs 
standing out from poorly cemented 
parts --------------------------------------------------------

Feet 

31.0 

31.0 

52.7 

24.7 
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Chinle Formation""'";-Continued 
Monitor Butte Member-Continued 

10. Sandstone, predominantly yellowish 
gray (5Y 8/1) in lower half and 
greenish gray in upper half, fine to 

· medium grained, argillaceous, poorly 
sorted; compoE~ed of subrounded clear 
and milky quartz and abundant 
orange, green, and black accessory 
minerals, abundant interstitial white 
mineral which is in part calcite; 
firmly cemented, calcareous; com
posed of thin trough sets of small
scale low-angle cross-laminae and 
horizontal laminae; platy splitting; 
weathers to form steep rubble-cov
ered slope or, in places, a vertical 
cliff. Unit forms prominent ledge in 
middle of gray unit in basal third 
of Chinle .............................................. .. 

9. Sandy siltstone, greenish gray ( 5G 
6/1), weathering same color, abun
dant very fine grains; firmly ce
mented, argillaceous; stratification 
concealed; weathers to form steep 
rubble-covered slope. Very poorly ex
posed. Units 5 through 9 contain 
many penecontemporaneous ( ?) slump 
features ................................................. . 

8. Sapdstone, yellowish gray (5Y 8/1), 
weathering same color; similar to 
unit 7 except for less extensive pene
contemporaneous slumping. Lower 
surface bevels top of underlying unit 
with angular discordance of 25 o. 

Unit is ripple laminated ................... . 
7. Sandstone, light olive gray (5Y 6/1) 

and yellowish gray (5Y 8/1), weath
ering same colors, fine grained; com
mon interstitial green clay; fair 
sorting; composed of subangular 
clear quartz and abundant orange, 
green, and black accessory minerals, 
sparse medium-grained white mica; 
firmly cemented, calcareous; composed 
of thin trough sets of small
scale cross-laminae and of horizon
tal and ripple laminae; platy and 
massive splitting, weathers to form 
steep rubble-covered slope. In places, 
strata dip at 25 o as the result of 
penecontemporaneous slumping. Unit 
contains thin layer of greenish-gray 
(5GY 6/1) siltstone at 26 ft above 
base. To the west the position of the 
unit is probably occupied entirely by 
greenish-gray (5GY 6/1) siltstone .. 

6. Siltstone, grayish red (lOR 4/2) in 
lower part and grayish red ( 5R 4/2) 
and olive gray (5Y 6/1) in upper 
half, weathering same colors; firmly 
cemented, argillaceous; stratification 
concealed; fractures into pebble-sized 

Feet Chinle Formation-Continued 
Monitor Butte Member-Continued 

fragments; weathers to form steep 
rubble-covered slope. Unit pinches 
or grades out within 50 ft on either 
side of section ..................................... . 

5. Sandstone, grayish orange ( 10 Y R 7 I 4) , 
weathering same color, coarse grained, 
common very coarse g'rains and 
granules, poorly sorted; composed 
of subrounded clear quartz and 
sparse black accessory minerals ; 
firmly cemented, calcareous; com
posed of thin trough sets of small- to 
medium-scale cross-laminae; slab by 
to blocky splitting; weathers to form 
small ledge. Abundant limonite spots 
and stains. Abundant plant impres
sions. Bottom contact is surface of 

43.2 erosion ................................................... . 
4. Siltstone, light greenish gray ( 5GY 

8/1), abundant grayish-red (lOR 
4/2) and very dusky red purple 
(5RP 2/2) mottling, weathering 
same colors, abundant very fine 
grained sand in places; common fine 
to very coarse grained sand in other 
places; firmly cemented, noncalcare-

10.4 ous; stratification concealed; massive 
splitting; fractures into angular peb
ble-sized fragments; weathers to 
form steep loose slope .................... .. 

Total of Monitor Butte Member 

Shinarump Member: 
4.9 3. Sandstone (70 percent) and siltstone 

(30 percent). Sandstone, light gray 
(N 7) and grayish yellow (5Y 8/4), 
weathering grayish orange (lOYR 
7/4), fine to medium grained, abun
dant coarse to very coarse grained 
sand in places; fair sorting; com
posed of subrounded clear quartz 
and uncommon orange and black ac
cessory minerals; firmly cemented, 
noncalcareous; . stratification con
cealed; massive splitting; fractures 
into angular fragments. Siltstone, 
medium gray (N 5), weathering 
same color; common coarse grains 
of clear quartz; firmly cemented, 
argillaceous; stratification concealed; 
fractures into pebble-sized angular 
fragments; siltstone present en
tirely in lower part of unit. Unit 
as a whole weathers to form steep 
slope ....................................................... . 

43.6 2. Sandstone, yellowish gray (5Y 7 /2), 
weathering same color, grayish-yel
low (5Y 8/4) staining on weathering 
surface; medium to coarse grained, 
common scattered very coarse 
grains, granules, and pebbles, poorly 
sorted; composed of subangular 
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Feet 

10.8 

1.6 

25.8 

217.7 

7.9 
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Chinle Formation-Continued 
Shinarump Member-Continued 

clear and milky quartz and abundant 
orange, black, and red accessory min
erals; firmly cemented, argillaceous; 
strat,ification not well exposed but 
predominantly thin trough sets of 
small- to medium-scale noss-lam
inae; slab by to blocky splitting; 
weathers to form slope. Common thin 
beds of light-gray (N 7) siltstone 
interbedded with sandstone. Abun
dant carbonaceous material, particu-
larly along lamination planes. Bottom 
contact is surface of erosion 

Total Shinarump Member 

Total of Chinle Formation 

NOTE.- The Shinarump Member in this section 
is lithologically similar to sandstone units in 
the Monitor Butte Member, and could be con
sidered part of the Monitor Butte. 

Unconformity, irregular scours as deep as 6 in. 
cut into underlying Moenkopi Formation. 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), 

weathering same color, argillaceous; 
rare fine-grained white mica; firmly 
cemented, argillaceous; tabular unit; 

Feet 

2.1 

10.0 

745.3 

bedding concealed; massive splitting; 
weathers to form steep slope .... Unmeasured 

Base of section, not base of exposure. 

U-31. JOHNSON CREEK 
Measured up no1·th side of tributary to Johnson Creek, north

western part of sec. 28 (unsurveyed), T. 34 S., R. 22 E., 
SLM, San Juan County 

[Measured by G. A. Williams, H. F. Afbee, J. H. Stewart, R. D. Munger, 
and D. A. McManus, August 1954] 

Top of section; top of · good exposure. Top of Feet 

section is N. 19° W. of spot where Blanding-
Abajo Mountain Road crosses Johnson Creek. 

Wingate Sandstone: 
15. Sandstone, grayish orange pink ( 5YR 

7 /2), weathering light brown (5YR 
6/ 4), very fine grained, well sorted; 
composed of subrounded clear quartz 
and common black accessory min
erals; firmly cemented, slightly cal
careous; composed of thin trough and 
planar sets of small- to medium-scale 
cross-laminae and common horizontal 
laminae to very thin beds; massive 
splitting; weathers to form vertical 
cliff. Unit contains some very thin 
layers containing abundant rounded 
medium to very coarse frosted 
quartz grains. Only basal 6 ft of 
unit examined ................................ Unmeasured 

Chinle Formation (incomplete) : 
Church Rock Member: 

14. Sandy siltstone to sandstone (50 per
cent) and siltstone (50 percent). 
Sandy siltstone to sandstone, pale 

Chinle Formation (incomplete) -Continued 
Church Rock Member-Continued 

red (5R 6/2) and sparse light green
ish gray (5GY 8/1), weathering 
grayish red ( 5R 4/2) , very fi~e 

grained; well cemented, noncalcare
ous; ripple laminated, stratification 
concealed in places. Siltstone, gray
ish red (5R 4/2 and lOR 4/2), 
weathering same colors; firmly ce
mented, noncalcareous; stratification 
concealed. Unit as whole weathers 
to form ledgy slope. Top 1.1 ft of 
unit is a fine to very fine grained 
sandstone containing flakes of gray
ish-red siltstone. The basal part of 
this top 1.1 ft appears to belong to 
the Chinle but grades upward into 
material resembling the overlying 
Wingate. Contact of Wingate Sand
stone and Chinle Formation placed 
at lowest layer containing medium 
to coarse grains, but this contact is 
not sharp. Top 1.1 ft of Chinle as 
described in this section may be 
actually reworked Chinle in the 
basal part of the Wingate Sand-
stone ..................................................... . 

13. Siltstone and sandy siltstone. Siltstone, 
grayish red (lOR 4/2), weathering 
same color; well cemented, slightly 
calcareous in places; stratification 
concealed. Sandy siltstone, light 
brown (5YR 6/4), weathering mod
erate reddish orange (lOR 6/6), 
sandy (very fine grained) ; well 
cemented, slightly calcareous; struc
tureless except for a few ripple
marked stratification planes. Sandy 
siltstone is present as horizontal 
sets from 16.4 to 22.3 ft, 29.2 to 
32.2 ft, and 44.1 to 55.8 ft above 
base of unit. Unit as a whole weath
ers to form steep slope with con
spicuous ledges on sandy siltstone 
sets ......................................................... . 

12. Sandstone to silty sandstone, pale red 
( 5R 6/2) and sparse light greenish 
gray (5GY 8/1), weathering same 
colors, very fine grained, sparse 
coarse-grained accessory dark and 
white mica; firmly cemented, cal
careous; composed of thin ripple
laminated sets. These sets dip at 
an angle to the regional dip (at 
least 20 o) , probably as the result 
of penecontemporaneous slumping. 
These sets contain many recemented 
faults with a displacement of a few 
inches. Unit as a whole weathers 
to form steep ledgy slope. Silty 
sandstone sets weather to form re
entrants between sandstone sets .... 

Feet 

22.5 

55.8 

52.4 
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Chinle Formation (incomplete) -Continued 
Church Rock Member-Continued 

Total of Church Rock Member ..... . 

Owl Rock Member: 
11. Siltstone and limestone. Siltstone, pale 

reddish brown (lOR 5/4), minor 
moderate red (5R 5/4) and pale 
red (5R 6/2), weathering same 
colors; well cemented, calcareous; 
structureless. Limestone, pale red 
(5R 6/2), light greenish gray (5GY 
8/1), and minor greenish gray (5GY 
6/1) and grayish red (5R 4/2), 
weathering moderate red (5R 5/4), 
dense; well cemented; horizontally 
laminated to thinly bedded. Lime
stone is present as sets from 0.0 
to 1.5 ft, 2.3 to 3.5 ft, 5.9 to 7.3 
ft, 11.4 to 14.0 ft, 41.3 to 41.8 
ft, and 42.2 to 43.4 ft above base 
of unit. In addition to these lime
stone beds, the unit contains a few 
limy siltstone layers. Unit seems to 
have all gradations from pure lime
stone to siltstone. Unit as whole 
weathers to form a vertical cliff 
in basal 15 ft and a steep slope 
above that ........................................... . 

10. Siltstone, pale reddish brown (lOR 
5/4) and sparse grayish red (lOR 
4/2), weathering pale reddish brown 
(lOR 5/4); well cemented, calcar
eous; structureless; fractures into 
angular fragments; weathers to 
form steep loose slope. Unit con
tains abundant light-greenish-gray 
(5GY 8/1) spots. Basal 4 ft con
tains several pale-red (5R 6/2) lay-
ers ......................................................... . 

9. Siltstone, pale red (5R 6/2), weather
ing grayish red (5R 4/2) ; well ce
mented, calcareous; structureless; 
weathers to form ledgy slope. Unit 
from 0.0 to 1.4 ft above base is 
very fine grained sandstone with 
abundant interstitial grayish clay. 
Unit from 11.6 to 15.7 ft and from 
19.1 to 21.8 ft above base is pale
red ( 5R 6/2) limestone and siltstone 
pebble conglomerate with a silt ma
trix. Entire unit contains light-gray 
(N 7) spots ......................................... . 

8. Siltstone, grayish red (5R 4/2), pale 
reddish brown (lOR 5/4), and pale 
red (5R 6/2), weathering grayish. 
red (lOR 4/2) ; abundant calcite 
masses and stringers throughout; 
poorly to well cemented, calcareous; 
stratification mostly concealed, struc
tureless in places; weathers to form 
steep. ledgy slope. Unit contains 
abundant light-greenish-gray ( 5GY 
8/1) spots. Unit from 26.5 to 29.5 

Feet 

130.7 

44.1 

68.5 

30.9 

Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

ft and 55.7 to 58.3 ft above base is a 
limestone and siltstone granule con
glomerate with a silt matrix grad
ing to a limestone and siltstone 
grain sandstone with a silt matrix. 
Unit from 72.7 to 74.2 ft above base 
is moderate-reddish-brown (lOR 
4/6) siltstone with abundant lime
stone stringers and abundant very 
light gray (N 8) spots. This silt
stone appears to be similar to the 
siltstone in unit 10 ........................... . 

7. Sandy siltstone and sandstone. Sandy 
siltstone, grayish red (5R 4/2), 
weathering pale red (5R 6/2), sandy 
(very fine grained); well cemented, 
calcareous; structureless; weathers 
to form gentle slope. Sandy siltstone 
is present only from 0.0 to 7.4 ft 
above base of unit. Sandstone, gray
ish red (lOR 4/2), weathering same 
color, very fine grained, fair sorted; 
abundant interstitial light gray ma
terial (possibly clay) ; well cement
ed, calcareous; ripple laminated 
with subordinate thin sets of hori
zontal thin beds; weathers to form 
rough vertical cliff. Unit from 7.4 
to 9.4 ft above base is a pebble 
conglomerate. Pebbles are composed 
of very hard siltstone and matrix 
of siltstone granules ........................... . 

6. Limestone and silty limestone, pale
red (5R 6/2 and lOR 6/2) and 
light-greenish-gray ( 5GY 8/1) ; firm
ly cemented; composed of very thin 
to thick horizontal beds; weathers 
to form steep ledgy slope. Unit 
forms lowest conspicuous purplish 
ledge in section. Unit contains abun
dant light-greenish-gray (5G 811) 
spots. Section transferred on top of 
unit 6 so that overlying units mea
sured 500 ft northwest of underlying 
units ................................................. . 

5. Siltstone and limy siltstone. Siltst~~~: 
dark reddish brown (lOR 3/4) and 
grayish red (lOR 4/2), weathering 
dark reddish brown (lOR 3/4); poor
ly to firmly cemented; stratification 
concealed; weathers to form steep 
rubble-covered slope. Unit contains 
abundant calcite stringers. Limy 
siltstone, pale reddish brown (lOR 
5/4) and greenish gray (5G 6/1); 
firmly cemented, highly calcareous; 
structureless; weathers to form small 
ledge. Limy siltstone is present as 
thin horizontal beds from 127.5 to 
128.5 ft and 131.0 to 132.0 ft above 
base of unit. Unit contains abundant 
light-greenish-gray (5G 8/1) spots. 
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Feet 

85.2 

26.4 

11.0 
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Chinle Formation (incomplete) -Continued 
Owl Rock Member-Continued 

Limy siltstone from 127.5 to 128.5 
ft contains a very thin bed of lime-
stone pebble conglomerate ................. . 

4. Silty sandstone (60 percent) and sand
stone ( 40 percent). Silty sandstone, 
grayish red (lOR 4/2), weathering 
same color. Sandstone, pale red (lOR 
6/2), weathering grayish red (lOR 
4/2). Silty sandstone and sandstone, 
very fine to fine grained, fair sorted; 
composed of subangular reddish
brown quartz grains; well cemented, 
calcareous. Basal 3.0 ft of unit are 
ripple-laminated. Upper 2.2 ft of 
unit is ftaggy splitting. The base of 
the unit is mottled with light gray 
(N 7) ..................................................... . 

3. Silty claystone (70 percent) and silt
stone (30 percent). Silty claystone, 
grayish red (lOR 4/2), weathering 
same color; poorly cemented, non
calcareous; structureless; fractures 
into angular fragments. Siltstone, 
pale red (5R 6/2), weathering gray
ish red (lOR 4/2) ; poorly cemented, 
noncalcareous; structureless; platy 
splitting in places; fractures into 
angular fragments. Unit as a whole 
weathers to form slope. Basal 2.0 ft 
of unit is sandy (very fine grained). 
Upper 1.5 ft of unit is platy splitting 
siltstone ................................................. . 

Total of Owl Rock Member ........... . 

Moss Back Member (incomplete): 
2. Sandstone, light greenish gray (5GY 

8/1), yellowish gray (5Y 7/2), pale 
yellowish orange (lOYR 8/6), pale 
yellowish brown (lOYR 6/2), weath
ering pa.le yellowish brown (lOYR 
6/2), fine to medium grained, fair 
sorted; composed of subrounded clear 
quartz with common black and sparse 
orange accessory minerals, common 
limonite specks; firmly cemented, 
slightly calcareous; composed of thick 
trough sets of medium-scale cross
strata; weathers to form a rough 
ledge. Thin basal layer of unit is a 
conglomerate composed mainly of 
limestone, siltstone, quartzite, and 
chert pebbles. At 86.7 ft. above base 
of unit is a 2.4-ft-thick ledge of sand
stone along which the section was 
transferred. Overlying units mea
sured 300 ft N. 12° W. of place 
where underlying units were mea-
sured ....................................................... . 

Total of incomplete Moss Back 
Member ......................................... . 

Total of incomplete Chinle Forma-
tion 

Feet 

153.7 

5.2 

11.9 
--
436.9 
--

93.3 

93.3 

660.9 

Chinle Formation (incomplete) -Continued 
Moss Back Member (incomplete)-Continued 

1. Intrusive igneous rock in contact with 
Moss Back Member. 

Base of section; base of exposure. 

U-32. LOCKHART CANYON 

Feet 

Measured starting at place 3 miles up Lockhart Canyon 
f1·om the Col01·ado River and up the westernmost pro
jection of a conspicuous point, middle of west side of sec. 
24, T. 28 S., R. 20 E., SLM, San Juan County 

[Measured by J. H. Stewart and G. A. Williams, September 1953] 

Top of section; top of accessible outcrop. Top of 
section is S. 81 o E. of intersection of Lockhart 
Canyon and Colorado River. 

Wingate Sandstone: 
50. Sandstone, light brown (5YR 6/4), 

weathering same color, fine grained, 
well sorted; composed of subrounded 
clear and amber quartz, and common 
black accessory mineral; firmly ce
mented, slightly calcareous; com
posed of thin trough to planar sets 
of low-angle medium-scale cross
strata; massive splitting; weathers 
to form vertical cliff. Unit contains 
about 1 percent medium to coarse 
grains of subrounded amber quartz 
and subordinate gray mineral. Only 

Feet 

bottom 10 ft of unit examined .. Unmeasured 
Chinle Formation: 

Church Rock Member: 
Hite ( ?) Bed: 

49. Covered. Thickness is from top ex
posure in Chinle Formation to low
est unslumped exposure of Wingate 
Sandstone ................................ .............. 4.5 

48. Silty claystone, grayish red (5R 4/2), 
weathering same color; firmly ce-
mented, noncalcareous; stratification 
concealed; fractures into granule-size 
fragments; weathers to form slope. A 
very thin set of sandy siltstone occurs 
at base of unit. This sandy siltstone 
is yellowish gray (5Y 8/1) and sandy 
(very fine grained) and contains 
granule-size flakes of greenish-gray 
(5G 6/1) claystone ............................ 3.7 

Total of Hite ( ?) Bed ...................... 8.2 

47. Sandy siltstone, light brown (5YR 
6/4) and common light greenish 
gray (5GY 8/1), weathering pale 
reddish brown (lOR 5/4), sandy (very 
fine grained) ; sparse very fine 
grained accessory white mica; well 
cemented, noncalcareous to slightly 
calcareous; composed of thin to very 
thick beds; fractures into angular 
fragments, weathers to form steep 
slope. Unit contains three conspicu
ous ledges from 22.6 to 26.0 ft, 73.3 
to 84.3 ft, and 88.4 to 92.2 ft above 
base. These ledges are composed of 
silty very fine grained sandstone 
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Chinle Fo1·mation-Continued 
Church Rock Member-Continued 

and sandy siltstone similar to that in 
the rest of the unit except that tney 
are dominantly horizontally lami
nated and contain some possible rip
ple laminae. This unit has the typical 
lithology of the Church Rock Mem-
ber ......................................................... . 

46. Siltstone, pale reddish brown (lOR 
5/4), weathering same color and 
common pale red (5R 6/2); poorly 
cemented; calcareous; structureless; 
weathers into angular fragments; 
weathers to form steep slope with 
thin crusty veneer over fresh rock. 
Silty limestone is present as thin 
horizontal beds at 17.6 to 18.2 ft 
and at 30.2 to 30.7 ft. Silty lime
stone, pale red (lOR 6/2), weather
ing· same color; dense; well cemented, 
structureless; weathers to form light-
er colored bands in slope ................... . 

45. Siltstone (95 percent) and sandy silt
stone (5 percent), same as unit 44 
except that sandy siltstone is hori
zontally laminated and to a lesser 
extent ripple laminated and occurs 
as very thin sets interstratified with 
rest of unit. Some recent landslide 
slumping occm·s in unit. Contact with 
overlying unit appears to be grada
tional. Unit weathers to form gentle 
slope ....................................................... . 

44. Siltstone (50 percent) and sandy silt
stone (50 percent). Siltstone, pale 
reddish b1·own (lOR 5/4) to dark 
reddish brown (lOR 3/4), weather
ing pale reddish brown (lOR 5/4); 
abundant very fine grained accessory 
white mica; firmly cemented, calcar
eous; horizontally laminated, platy 
splitting. Sandy siltstone, pale red 
(5R 6/2) and minor light greenish 
gray (5GY 8/1), weathering pale 
reddish brown (lOR 5/4); sandy 
(very fine grained) ; uncommon fine
to medium-grained accessory white 
mica; well cemented, calcareous; rip
ple laminated, both cuspate and par
allel types. Unit weathers to form 
ledgy slope ........................................... . 

43. Silty claystone to siltstone (95 percent) 
and sandy siltstone ( 5 percent). 
Silty claystone to siltstone, greenish 
g1·ay (5GY 6/1) dominantly in lower 
half of unit, grayish red (lOR 4/2) 
in top 5 ft; rest of unit is grayish 
red purple (5RP 4/2) and grayish 
red (5R 4/2), weathering light green
ish gray (5GY 8/1) and pale red 
purple (5RP 6/2) ; firmly cemented, 
calcareous;, stratification concealed. 
Clays swell in water. Sandy siltstone, 

Feet 

131.7 

59.4 

25.2 

16.2 

Chinle Formation-Continued 
Church Rock Member-Continued 

pale red (5R 6/2) and minor light 
greenish gray (5GY 8/1), weather
ing same colors, very fine grained, 
sandy; well cemented, highly calcar
eous; ripple laminated; present as 
thin sets interstratified with rest of 
unit. Unit weathers to form slope 
and is in part equivalent to ripple
laminated siltstone forming vertical 
cliff to east of section ......................... . 

So-called Black Ledge: 
42. Sandstone, light brownish gray (5YR 

6/1) and uncommon pale reddish 
brown (lOR 5/4), weathering light 
brownish gray (5YR 6/1), very fine 
grained, well sorted; composed of 
subangular milky mineral, and about 
10 percent orange and green min
erals, uncommon fine-grained acces
sory dark and white mica; poorly 
cemented, calcareous; composed of 
thin trough sets of medium- to large
scale low-angle cross-laminae and 
subordinate ripple laminae; weath-
ers to form ledge ................................. . 

41. Sandstone (80 percent) and siltstone 
(20 percent). Sandstone, greenish 
gray (5GY 6/1),. weathering light 
olive gray (5Y 6/1), very fine 
grained; common medium-grained ac
cessory white and dark mica; well 
cemented, calcareous; composed of 
cuspate ripple laminae, common hori
zontal laminae, and sparse thin trough 
sets of low-angle medium-scale cross
laminae. Siltstone, greenish gray 
(5GY 6/1), weathering light green
ish gray (5GY 8/1); common fine
grained accessory white mica, firmly 
cemented, calcareous; in part horizon
tally laminated. Siltstone is present 
as thin to thick lenses interstrati
fied with the sandstone. The amount 
of siltstone in unit is highly variable 
along the outcrop. Unit weathers to 
form vertical cliff ................................. . 

40. Conglomeratic sandstone, greenish gray 
(5GY 6/1), weathering same color, 
coarse grains to pebbles (60 percent) 
in silty limy matrix, poorly sorted. 
Coarse grains to pebbles are rounded 
limy siltstone to limestone. Unit is 
poorly cemented, calcareous; com
posed of very thin wavy beds or 
lenses and possibly some cross beds; 
weathers to form vertical cliff con
tinuous with that of overlying unit. 
Abundant carbonaceous material .... .. 

Total of so-called Black Ledge ..... . 

Total of Church Rock Member ..... . 
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Feet 

29.7 

19.7 

39.5 

1.6 

60.8 

331.2 
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Chinle Formation-Continued 
Owl Rock ( ?) Member: 

39. Siltstone (90 percent), and limy silt
stone (10 percent). Siltstone, grayish 
red (5R 4/2 and .lOR 4/2) and gray
ish red purple (5RP 4/2), weathers 
pale reddish purple (5RP 6/2); 
poorly cemented, calcareous; stratifi
cation concealed. Limy siltstone, light 
greenish gray (5GY 8/1) and minor 
pale red (lOR 6/2), weathering same 
colors; dense, well cemented; occurs 
as poorly defined possibly discontin
uous thin beds and as sparse nodules 
averaging 1 in. in diameter. Limy 
siltstone locally contains coarse to 
very coarse grains of limestone. The 
siltstone in the top 2 ft of the unit 
is pale green (lOG 6/2) ----------------------

38. Siltstone, moderate brown (5YR 4/4) 
to light brown (5YR 6/4), weather
ing same colors; firmly cemented, 
calcareous; stratification concealed; 
weathers to form steep crusty slope. 
Unit contains common light-greenish
gray ( 5GY 8/1) spots and thin ir
regular mottled patches near base .... 

37. Siltstone, pale reddish brown (lOR 5/4) 
and grayish red (5R 4/2), weather
ing grayish red (5R 4/2) ; poorly 
cemented, calcareous; stratification 
concealed; fractures into angular 
fragments; weathers to form steep 
crusty slope --------------------------------------------

36. Siltstone, grayish red purple (5RP 4/2), 
sparse pale reddish brown (lOR 5/4), 
weathering same colors, fine silt; 
firmly cemented, calcareous; struc
tureless; weathers to form slope. 
Basal 5 ft contain a small amount 
of swelling clay. Base of unit marks 
change from strata below that con
tain swelling clays to strata above 
that contain dominantly nonswelling 
clays --------------------------------------------------------

Total of Owl Rock ( ?) Member _____ _ 

Petrified Forest Member: 
35. Claystone to sandy claystone, light 

greenish gray (5GY 8/1), grayish 
purple (5P 4/2), and grayish red 
purple (5RP 4/2), weathering light 
greenish gray (5GY 8/1) and pale 
red purple ( 5RP 6/2), sandy (very 
fine grained) in places, locally grades 
to sandstone; contains swelling clays; 
firmly cemented, calcareous; appears 
structureless; weathers to form 
frothy-surfaced· slope. Contains some 
carbonaceous material ------------------------

34. Clayey sandstone, light greenish gray 
(5GY 8/1) and greenish gray (5GY 
6/1), weathering light greenish gray 
( 5GY 8/1) , fine to medium grained, 

Feet 

9.6 

9.3 

10.8 

22.3 

52.0 

23.5 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

fair sorted; composed of subangular 
milky mineral and about 5 percent 
orange and green mineral, abundant 
medium to very coarse grained ac
cessory dark mica; poorly cemented, 
highly calcareous; composed of thin 
trough sets of low-angle medium
scale cross-laminae; weathers to form 
steep frothy-surfaced ledgy slope. 
Bottom 5 ft of unit contains common 
greenish-gray (5GY 611) siltstone. 
Lower part of unit contains abun
dant ( 40 percent) dark-greenish-gray 
(5GY 4/1) claystone and siltstone 
pellets. Carbonaceous material is com
mon along crossbedding planes ----------

Total of Petrified Forest Member 

Moss Back Member: 
33. Sandstone (80 percent), and siltstone 

(20 percent). Sandstone, light green
ish gray (5GY 8/1) and common 
very light gray (N 8) and yellowish 
gray_ (5Y 8/1), weathering very pale 
orange (lOYR 8/2), fine grained, 
fair sorted; composed of subangular 
to subrounded milky quartz and com
mon orange and black grains, uncom
mon fine- to medium-grained white 
and dark mica; firmly to poorly ce
mented, slightly calcareous to highly 
calcareous; composed of thin trough 
sets of medium-scale cross-laminae 
and sparse thin to thick structureless 
lenses. Siltstone; greenish gray ( 5GY 
6/1), weathering same color; abun
dant accessory white and dark mica; 
firmly cemented, calcareous; horizon
tally laminated. Some of siltstone is 
ripple-laminated, light-greenish-gray 
(5GY 8/1), and sand (very fine 
grained). Siltstone is present as thin 
to very thick lenticular sets inter
stratified with sandstone. Sandstone 
locally contains some medium to very 
coarse grains of siltstone or, in a few 
places, of clear quartz. Rarely the 
sandstone grades to very coarse 
grained sandstone composed of silt
stone and quartz grains in a limy 
matrix. The sandstone commonly con
tains pebbles to cobbles composed 
largely of siltstone. The largest cob
ble found has a maximum diameter 
of 0.6 ft. A few gray quartz pebbles 
are present. The sandstone commonly 
contains carbonaceous material and 
rarely silicified wood. Unit as a whole 

. weathers to form vertical cliff in 
lower part and wide bench in upper 
part----------------------------------------------------------

Feet 

42.6 

66.1 

35.4 
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Chinle Formation-Continued 
Moss Back Member-Continued 

Total of Moss Back Member ......... . 

Total of Chinle Formation ............. . 

Moenkopi Formation (incomplete) : 
32. Clayey siltstone to sandy siltstone, gray

ish-red (lOR 4/2) and common light
brown (5YR 6/4); top 2 ft light 
greenish gray (5GY 8/1), sparse 
greenish-gray (5GY 6/1) very thin 
bands in rest of unit; weathers pale 
reddish brown (lOR 5/4); sandy 
(very fine grained), common very 
fine grained accessory white mica; 
firmly cemented, calcareous; unit is 
tabular, stratification poorly exposed, 
but where seen is horizontally lami
nated; platy splitting; weathers to 
form steep earthy slope ..................... . 

31. Siltstone to sandy siltstone, similar to 
unit 25 except for being dominantly 
light brown (5YR 6/4) and at least 
50 percent ripple laminated. Unit 
contains several discontinuous thick 
resistant sandy siltstone sets and one 
thin set of contorted strata at 56 ft 
above base. Unit weathers to form 
steep slope with common ledges ....... . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Base of section; not base of exposure. 

Units 1-30 described in Stewart, Poole, and Wilson 
(1972). 

U-33. 1\HLK RANCH POINT 

Feet 

35.4 

484.7 

47.5 

65.3 

112.8 

Meas·wred ac?·oss southward-extending ridge directly west of 
Contb Ridge at head of Comb Wash and continuing up 
Comb Ridge. Cente?· of section is 1.5 miles east of the crest 
of Milk Ranch Point. Sec. 35 (unsu?·veyed), T. 36 S., R. 20 
E., SLM, San Juan County 

[Mcnsurcd by J. H. Stcwnrt nnd A. C. Gorvcntt, August 1953] 

Top of section; not top of exposure. Top of section is Feet 

S. 82° E. of most southeasterly point of Milk Ranch 
Point. 

Wingate Sandstone: 
29. Sandstone, light brown (5YR 6/4), 

weathering same .color, fine to very 
fine grained, well sorted; composed of 
subrounded clear quartz and sparse 
black accessory minerals; poorly 
cemented, slightly calcareous; stratifi
cation poorly exposed, but unit con
tains some horizontal laminae and 
cross-laminae; massive splitting; 
weathers to form vertical cliff. Unit 
contains sparse to abundant medium 
to coarse well-rounded grains. These 
grains are mostly milky quartz but 
rarely are an orange mineral. Basal 
foot is yellowish gray (5Y 8/1). Only 
basal 15ft of unit examined ........ Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
28. Silty claystone and sandstone. Silty 

claystone, pale reddish brown (lOR 
5/4), weathering same color; poorly 
to firmly cemented, calcareous; strati
fication concealed. Sandstone, similar 
to that in unit below. Unit very poorly 
exposed and percent of silty claystone 
and sandstone cannot be determined. 
Contact with Wingate Sandstone 
seems to be in place but might be 
dislocated by slumping by as much 
as 3.0 ft ................................................. . 

27. Sandstone, pale red (lOR 6/2) with 
uncommon light-greenish-gray (5GY 
8/1) spots and very thin bands, very 
fine grained, well sorted; firmly ce
mented, calcareous; composed of 
horizontal and ripple laminae and 
subordinate thin trough sets of me
dium-scale low-angle cross-laminae; 
massive splitting, weathers to form 
smooth-surfaced ledge. Unit contains 
sparse medium-grained accessory 
white mica ............................................. . 

Total of Hite Bed ........................... . 

26. Siltstone, light brown (5YR 6/4), gray
ish red (lOR 4/2), and sparse pale 
red (lOR 6/2), weathering pale 
reddish brown (lOR 5/4), firmly 
cemented, slightly calcareous to non
calcareous; se~ms to be mostly struc
tureless, but massive ledge at base is 
horizontally laminated; weathers to 
form steep slope with ledges at base, 
near middle, and near top of unit. 
Ledges appear to be composed of 
slightly coarser material than rest of 
unit. Un.it contains common to abun
dant light'-greenish-gray (5GY 8/1) 
spots. Fractures into angular frag-
ments ..................................................... . 

25. Siltstone, similar to that in unit b~low. 
Horizontally laminated limy siltstone 
bed from 0.5 to 1.6 ft above base of 
unit ......................................................... . 

Total of Church Rock Member ..... . 

Owl Rock Member: 
24. Siltstone and limestone. Siltstone, pale 

reddish brown (lOR 5/4), grayish 
red (5R 4/2), common grayish-yellow
green (5GY 7 /2), weathering same 
colors, firmly cemented, calcareous; 
seems to be mostly structureless but 
contains some horizontal laminae; 
contains subordinate clayey siltstone 
to silty claystone layers. Limestone, 
pale red (lOR 6/2) and light green
ish gray ( 5GY 8/1), weathering pale 
red (lOR 6/2), dense, well indurated; 
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Feet 

10.9 

27.6 

38.5 

111.9 

25.4 

175.8 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

horizontally laminated to thin bed
ded. Grayish-red (5R 4/2) siltstone 
occurs rarely along irregular seams 
in the limestone. Unit as a whole 
weathers to form steep slope contain
ing small ledges in limestone; lime
stone sets occur from 0.0 to 1.7 ft, 
13.6 to 13.9 ft, 21.6 to 22.1 ft, 25.5 to 
26.0 ft, and 27.8 to 29.0 ft above base 
of unit. Top of Owl Rock Member 
arbitrarily placed at top of this unit 
which is top of highest limestone in 
section ................................................... . 

23. Siltstone, pale reddish brown (lOR 5/4) 
and pale red (lOR 6/2), weathering 
pale red (lOR 6/2) ; firmly cemented, 
calcareous; stratification concealed, 
fractures into angular fragments; 
weathers to form steep loose slope. 
Common greenish-gray (5GY 6/1) 
spots. Top few feet are grayish red 
purple (5RP 4/2). This unit appears 
to vary only in color from underlying 
unit ......................................................... . 

22. Siltstone, light brown (5YR 6/4), 
weathering light brown (5YR 5/6); 
well cemented, highly calcareous; 
stratification concealed; fractures into 
angular fragments; weathers to form 
steep loose slope with 1-ft-thick ledge 
at base. Common light-greenish-gray 
(5GY 8/1) spots. Upper contact of 
unit is gradational ............................... . 

21. Siltstone, pale reddish brown (lOR 5/4) 
and subordinate pale red (5R 6/2), 
weathering pale red (lOR 6/2) ; firmly 
cemented, calcareous; stratification 
concealed; fractures into angular 
fragments; weathers to form steep 
loose slope. Upper 29.4 ft of unit 
weathers light brown ( 5YR 6/ 4) ..... . 

20. Silty limestone (15 percent) and silt
stone (85 percent). Silty limestone, 
pale red (lOR 6/2) and subordinate 
light greenish gray ( 5GY 8/1), 
weathering pale red (lOR 6/2), dense; 
well indurated; horizontally lami
nated to thinly bedded. Siltstone, pale 
red (lOR 6/2), pale reddish brown 
(lOR 5/4), common greenish-gray 
( 5GY 6/1) spots; firmly cemented, 
calcareous; stratification concealed. 
Silty limestone is present as thin to 
thick sets interstratified with silt
stone. Unit as whole weathers to 
form steep slope with poorly devel-
oped ledges ........................................... . 

19. Siltstone, pale reddish brown (lOR 5/4) 
and moderate . brown (5YR 4/4), 
weathering pale reddish brown (lOR 
5/4) and light brown (5YR 6/4); 

Feet Chinle Formation-Continued Feet 

Owl Rock Member-Continued 
firmly cemented, calcareous; stratifica
tion concealed; fractures into pebble
and granule-sized angular fragments; 
weathers to form steep loose slope. 
A-bundant greenish-gray (5GY 6/1) 
spots. One-inch limestone bed occurs 
about 15.0 ft above base of unit. 
Sandstone set occurs from 67.4 to 
72.5 ft above base of unit. Sandstone 
is light brown (5YR 6/4), very fine 
grained, poorly cemented, calcareous; 
ripple laminated .................................... 92.8 

29.0 18. Silty limestone and siltstone. Silty lime-
stone, pale red purple (5RP 6/2) and 
subordinate light greenish gray ( 5GY 
8/1), weathering same colors; dense, 
sparse very coarse crystals of clear 
calcite; well cemented; thin horizontal 
bedding; contains common pale
red-purple (5RP 6/2) chert string
ers and nodules. Siltstone, similar to 
unit below. Unit as whole weathers 
to form continuous ledge along out-

18.5 crop. Silty limestone from 0.0 to 1.8 
ft, siltstone from 1.8 to 3.9 ft, silty 
limestone from 3.9 to 8.3 ft above 
base of unit ............................................ 8.3 

17. Siltstone, pale reddish brown (lOR 5/4), 
pale red (5R 6/2), common greenish
gray (5GY 6/1) spots, weathering 
pale red (lOR 6/2), firmly to well 
cemented, calcareous; stratification 

53.9 mostly concealed, but horizontal bed
ding planes are noticeable in places; 
fractures into pebble-sized angular 
fragments; weathers to form steep 
loose slope. About 50 percent of unit 
contains pale-red (lOR 6/2) and 
light-greenish-gray (5GY 8/1) lime
stone nodules generally the size of 

56.0 pebbles. These nodules commonly form 
50 percent of the rock. Unit contains 
several indistinct thin beds of limy 
siltstone. One thin limestone bed is 
present at 58 ft above base of unit. 
Limestone and limy siltstone beds 
appear discontinuous along outcrop,. 
and do not form ledges ........................ 75.3 

Total of Owl Rock Member ............ 365.3 

Petrified Forest Member: 
Ht Silty claystone to clayey siltstone, pale 

reddish brown (lOR 5/4), grayish red 
(lOR 4/2), and subordinate pale red 
(5R 6/2), uncommon light-greenish
gray (5GY 8/1) spots, weathering 

31.5 same colors, poorly cemented, calcar
eous; stratification concealed; weath
ers to form knoll along valley bottom. 
Unit very poorly exposed. Contact 
with overlying unit covered. Unit 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

weathers with a frothy surface. Basal 
9 ft of unit contains swelling clays. 
Rest of unit probably does not con
tain swelling clays, but as exposures 
are poor, entire unit is arbitrarily 
assigned to Petrified Forest Member 

15. Clayey sandstone, grayish red purple 
(5RP 4/2), pale red purple (5RP 
6/2), and subordinate light greenish 
gray (5GY 8/1) in basal 16.0 ft of 
unit, rest of unit is grayish red (5R 
4/2) with subordinate pale reddish 
brown (lOR 5/4), weathering pale 
red purple (5RP 6/2) and mod
erate brown (5YR 4/4), very fine to 
fine-grained, subordinate clay, fair 
sorted; composed of subangular milky 
minerals, common medium- to coarse
grained dark-green and white 
accessory mica, poorly cemented, cal
careous; stratification concealed; 
weathers to form ridges and slopes 
along creek bottom. Unit contains 
clayey siltstone from 29.4 to 34.8 ft 
above base. Clayey siltstone, grayish 
red ( 5R 4/2), weathering same color; 
firmly cemented, noncalcareous; strat
ification concealed. Unit contains 
several thin sets of medium-grained 
sandstone near base similar to sand
stone in rest of unit; this sandstone 
is composed of thin trough sets of 
small-scale cross-laminae ................... . 

14. Covered ..................................................... . 
13. Claystone to silty claystone, grayish red 

(lOR 4/2),. weathering same color; 
abundant silt-size accessory white 
mica, poorly to firmly cemented, non
calcareous; stratification concealed, 
weathers to form steep frothy slope 

Total of Petrified Forest Member 

Sandstone unit (according to R. Campbell, this 
sandstone unit is composed partly of the Moss 
Back Member and partly of a prominent sand
stone in the Monitor Butte Member. These 
sandstone units of the Monitor Butte and Moss 
Back coalesce along the southern part of Elk 
Ridge and form an inseparable sequence at 
this section) : 

12. Sandstone (96 percent) and conglom
eratic sandstone ( 4 percent). Sand
stone, very pale orange (lOYR 8/2) 
and grayish orange (10YR 7/4), 
weathering grayish orange (10YR 
7 I 4) , fine to medium grained, well 
sorted; composed of sub rounded clear 
quartz and sparse black accessory 
minerals, uncommon medium- to 
coarse-grained accessory white mica; 
poorly to firmly cemented, calcare-

Feet Chinle Formation-Continued 

37.3 

46.9 
13.9 

12.4 

110.5 

Sandstone unit-Continued 
ous; composed of thin trough and 
planar sets of low-angle medium
scale cross-laminae and subordinate 
horizontal and ripple laminae. Con-
glomeratic sandstone, very pale 
orange (lOYR 8/2) and light gray 
(N 7), weathering pale yellowish 
brown (lOYR 6/2), fine to medium 
·grained, abundant scattered coarse 
grains, very coarse grains, granules, 
and pebbles, poorly sorted; composed 
of rounded coarse grains of clear 
quartz and very coarse grains to peb
bles of limestone and to a lesser ex
tent of quartz, quartzite, and chert 
in a fine- to medium-grained ma
trix; firmly to well cemented, highly 
calcareous; generally structureless 
but contains some thin trough sets 
of medium-scale cross-laminae. Con
glomeratic sandstone is present as 
thin to thick beds, sets, or cosets 
interstratified with sandstone and is 
confined to lower 10 ft of unit. 
Amount and position of conglomeratic 
sandstone varies along exposure. Unit 
as whole is tabular and weathers to 
form prominent hogback ridge in 
Chinle Formation. The lower 20 ft 
of the unit contains about 10 per
cent very fine grained sandstone that 
has the same colors as the rest of the 
unit, contains abundant medium
grained accessory white mica, is well 
cemented, is ripple laminated. A few 
hundred feet to south, similar very 
fine grained sandstone occurs at the 
top of the unit or in the overlying 
unit. The very fine grained sandstone 
appears identical with the sandstone 
in the Monitor Butte Member. Top 
10 ft of unit measured down long 
steep dip slope ..................................... . 

Total of sandstone unit ................... . 

Lower part of Monitor Butte Member: 
11. Clayey sandstone, pale olive (lOY 6/2) 

and greenish gray (5GY 6/1), weath
ers light greenish gray ( 5GY 8/1) 
and greenish gray (5GY 6/1), fine to 
very fine grained with sparse medium 
grains and about 20 percent clay, 
poorly sorted; composed of subangu
lar milky mineral and 3-10 percent 
amber, orange, and green minerals, 
common medium- to coarse-grained 
accessory dark-green mica; common 
to abundant clay pellets and irregu
lar pebble-size masses of clay; slightly 
swelling clays; poorly cemented, non
calcareous, clay binding; stratifica-
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Feet 

78.7 

78.7 
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Chinle Formation-Continued 
Lower part of Monitor Butte Member-Con. 

tion concealed; weathers to form 
steep rubble-covered slope with frothy 
surface where exposed. Upper 13 ft 
of unit contains more clay than rest 
of unit and grades into sandy clay-
stone --------------------------------------------------------

Total of lower part of Monitor 
Butte Member --------------------------------

Total of Chinle Formation ------------

Contact of Chinle and Moenkopi Formations placed 
at color change from red silty claystone of the 
Moenkopi to greenish gray swelling claystone of 
the Chinle. 

Moenkopi Formation (incomplete) : 
10. Silty claystone to siltstone, grayish red 

(lOR 4/2) and pale reddish hr:own 
(lOR 5/4), weathering same colors, 
silty claystone dominant type; mica
ceous; firmly cemented, siltstone is 
calcareous, and silty claystone is non
calcareous; stratification poorly ex
posed but where seen is horizontally 
laminated with minor ripple lami
nae; weathers to form steep rubble
covered slope ------------------------------------------

Total of incomplete Moenkopi 
Formation -------------------------------------

Base of sections; not base of exposure. 

Units 1-9 described in Stewart, Poole, and Wilson 
(1972). 

U-34. MONITOR BUTTE 

Feet 

65.5 

65.5 

795.8 

100.6 

100.6 

Measured on northeast side of Monitor Butte, lat 37°11/ N., 
long 110°26' W., San Juan County 

[Measured by L. C. Craig and P. J. Katich, June 1951] 

Top of section; not top of exposure. Feet 

Wingate Sandstone: 
26. Sandstone, moderate reddish orange 

(lOR 6/6) to moderate orange pink 
(lOR 7 /4:), weathering moderate red
dish brown (lOR 4/6), very fine 
grained, abundant concentrations of 
subangular to subrounded grains on 
lamination planes; composed of sub
angular clear quartz with common 
amber, black, and white accessory 
minerals; inclined to compound cross
laminations, thin to very thick sets 
(as much as 6 ft). Forms vertical 
desert-varnished cliff. Basal contact 
not well exposed but is marked by 
color and textural changes .......... Unmeasured 

Chinle Formation: 
Church Rock Member: 

Rite ( ?) Bed: 
25. Sandstone, conglomeratic at base, me

dium reddish orange (lOR 5/6), pale 
red ( 5R 6/2) , and pale yellowish 
orange (lOYR 7 /6), fine to medium 
grained, composed of subangular to 

Chinle Formation-Continued 
Church Rock Member-Continued 

Rite ( ?) Bed-Continued 
subrounded clear quartz with common 
black accessory minerals; moderately 
calcareous, moderately cemented; fes
toon cross-lamination, gently dipping 
lamination (less than 10 o) • At base is 
prominent but local intraformational 
conglomerate containing cobbles and 
pebbles of underlying limestone _______ _ 

Total of Rite ( ?) Bed ----------------------

Total of Church Rock Member _____ _ 

Owl Rock Member: 
24. Limestone (90 percent) and subordi

nate siltstone and claystone. Lime
stone, light greenish gray (5GY 8/1) 
to very light gray (N 8), dense to 
very fine grained; in platy slab by, to 
massive ledges (less than 4 ft). Silt
stone and claystone form interbeds 
as much as 1 ft thick; siltstone and 
claystone are pale red (5R 6/4). Unit 
is horizontally laminated to ripple 
laminated ------------------------------------------------

23. Siltstone to sandstone, moderate reddish 
orange (lOR 6/6), as coarse as very 
fine grained size; hackly weathering; 
structureless; unit forms prominent 
red ledge in lower part and red slope 
above --------------------------------------------------------

22. Claystone (80 percent) and limestone 
(20 percent). Claystone, grayish red 
(lOR 4/2), mottled and streaked 
light greenish gray (5GY 8/1), prob
ably silty; hackly weathering; forms 
very steep slope. Limestone, pale red 
(lOR 6/2) and light greenish gray 
(5GY 8/1), forms sequence of promi
nent hackly to slabby ledges 6 in. to 
3 ft thick. Not accessible along line 
of section ------------------------------------------------

21. Claystone (99 percent) and limestone 
(1 percent), unit not inspected be
cause of steep slope. Claystone, gray
ish red (lOR 4/2), mottled and 
streaked light greenish gray ( 5GY 
8/1), probably sandy. Limestone oc
curs as thin discontinuous ledge form
ing layers less than 6 in. thick. Unit 
forms steep slope ----------------------------------

20. Sandstone, pale red (lOR 6/2), weath
ering with a purplish cast, medium 
to fine grained; composed of subangu
lar to subrounded clear quartz, com
mon to abundant orange, black, and 
uncommon green, accessory minerals; 
abundant interstitial clay; festoon 
cross-lamination in broad sets; weath
ers to form ledge ----------------------------------

19. Claystone, grayish red (lOR 4/2) and 
pale red (lOR 6/2), slightly sandy, 

Feet 

38.0 

38.0 

38.0 

39.4 

15.8 

87.8 

99.2 

10.0 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

as coarse as fine-grain size; highly 
calcareous; hackly weathering; forms 
small cliff ............................................. . 

18. Limestone, pale red ( 5R 6/2) , mottled 
light greenish gray (5GY 8/1), dense 
to very fine grained; brecciated ap-
pearance; no fossils observed ........... . 

17. Claystone and clayey sandstone, dark 
reddish brown (lOR 3/4) below to 
pale reddish brown (lOR 4/4) and 
moderate reddish orange (lOR 6/6) 
above, sand as coarse as fine-grain 
size; moderately calcareous; forms 
steep slope; hackly to earthy weath-
ering ....................................................... . 

16. Sandstone and claystone, pale red (5R 
6/2) and light greenish gray (5GY 
8/1), variable composition; sand as 
coarse as medium-grain size; com
posed of subangular clear quartz, 
common orange, black, and green 
accessory minerals; sandstone shows 
fine cross-laminations (less than Vs 
in.) in indistinct sets. Unit locally 
forms small ledge ............................... . 

15. Limestone, pale red ( 5R 6/2), very fine 
grained to dense; forms local small 
ledge; contains scattered pelecypods 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
14. Sandstone, very clayey, grades to clay

stone, pale red (5R 6/2), medium 
grained; composed of clear subangu
lar to subrounded quartz with com
mon to abundant orange, black, and 
green accessory minerals; structure
less; very friable; forms hard-sur
faced steep slopes. Upper 100 ft of 
unit is predominantly claystone with 
variable amounts of silt and sand and 
is hacldy weathering. Thin moderate
reddish-orange (lOR 6/6) clay bed 8 
ft thick at top of unit ......................... . 

NOTE.- Possibly some of units 8-13 are 
slumped. 

13. Claystone, grayish red (5R 4/2), with 
light-greenish-gray (5GY 8/1) mot
tles, sandy, as coarse as medium 
grain size; hard, frothy weathering; 
forms gentle to steep slopes; contains 
concretionary rubble of light- to me
dium-gray dense to fine-grained lime-
stone ....................................................... . 

12. Covered. Slump blocks of Wingate Sand-
stone on bench ..................................... . 

11. Heterogeneous unit. Sandstone, silt
stone, and subordinate claystone and 
limestone. Sandstone, pale red (5R 
6/2), pale reddish brown (lOR 4/4), 
moderate red (5R 4/4), pale red 

Feet 

8.4 

.8 

97.2 

5.5 

1.0 

365.1 

128.2 

25.0 

61.4 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

(5R 6/2) (color banded in ascending 
order) ; very fine to coarse grained, 
poorly sorted; composed of subangu
lar to subrounded clear quartz, very 
common to abundant orange and black 
accessory minerals, abundant clay 
matrix. Limestone, pale red (5R 6/2), 
mottled light greenish gray ( 5GY 
8/1), very fine grained, partly dolo
mitic ( ?) ; limestone beds as much as 
5 ft thick at top of unit. Thin lime
stone rubble conglomerate composed 
of clasts less than 2 in. in diameter 
forms gray basal layer of unit ........... . 

10. Claystone, grayish red (5R 4/2), light
greenish-gray (5G 8/1) mottling, 
slightly silty; hackly weathering; 
much greenish-gray mottling in lower 
part; weathers to form steep slope. 
Unit is rather indistinct and slumped 
in part ................................................... . 

9. Claystone, variably pure, slightly silty 
to sandy (very fine grained) ; yellow
ish gray (5Y 7 /2), pale olive (lOY 
6/2) to pale green (lOG 6/2) ; hackly 
to deep frothy weathering; contains 
bands of red locally; badly slumped 
in part; weathers to a steep hard 
slope ....................................................... . 

8. Covered, sparse exposures of variegated 
shale. Unit slumped but suggests 
Petrified Forest Member although 
some Monitor Butte Member might 
be .included ........................................... . 

Total of Petrified Forest Member .. 

Monitor Butte Member: 
7. Claystone (80 percent) and sandstone 

(20 percent), interbedded. Claystone, 
pale olive (lOY 6/2), silty to sandy 
(fine grained); earthy weathering; 
forms poorly exposed slope. Sand
stone, brownish gray (5YR 4/1), 
fine grained, weathering dark brown; 
highly calcareous; slabby (2 to 3 ft 
thick) ripple-laminated ledges show
ing great distortion. Laterally along 
strike near section sandsto~e of Shi
narump type builds up as high as top 
of Monitor Butte· Member ................. . 

Total of Monitor Butte Member ... . 

Shinarump Member: 
6. Sandstone, slightly .qtiartzitic, light 

greenish gray (5GY 811) to pale 
yellowish brown (lOYR 6/2), weath
ering very pale orange (lOYR 8/2) 
to grayish orange (lOYR 7/4), fine 
to medium grained, sparse coarse 
grains; composed of subangular to 
subrounded clear quartz, sparse black 
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Feet 

75.6 

81.0 

97.2 

49.6 

518.0 

97.2 

97.2 
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Chinle Formation-Continued Feet 

Shinarump Member-Continued 
and orange accessory minerals; fes
toon type cross-lamination; contains 
plant,fragments. Layers with pebbles 
as much as 1 in. in diameter occur 
in middle of unit --------------------------·--------- 94.8 

5. Claystone, dusky yellow (f:Y 6/4) to 
yellowish gray (5Y 7 /2), flaky to 
platy weathering, poorly exposed.... 4.9 

4. Sandstone, conglomeratic, pale yellowish 
orange (lOYR 8/6) to yellowish gray 
(5Y 8/1), medium grained and 
coarser, subangular to subrounded; 
composed of clear quartz, sparse black 
accessory minerals; pebbles mostly 
white quartz, rose to pink quartz, 
white chert, and dark chert, pebbles 
less than 1 in., mostly liz to % in. 
in diameter, pebbles disseminated in 
sand matrix as well as concentrated 
in lenses; festoon cross-lamination, 
sets 1 to 10 ft thick, channels com
mon. Unit weathers to form massive 
ledge. Common plant fragments and 
intraformational clay pebbles at base. 
Channeling contact cuts out 40 ft of 
Moenkopi in 300 ft along outcrop...... 76.9 

Total of Shinarump Member .......... 176.6 

Total of Chinle Formation ............ 1,194.9 

Moenkopi Formation (incomplete) : 
3. Claystone and siltstone, interbedded, 

grayish red (lOR· 4/2), mottled light 
greenish gray (5GY 8/1). Claystone 
is silty and micaceous. Unit com
posed of parallel sets less than 6 in. 
thick of parallel la~inations. Top 4 
in. of unit are altered light greenish 
gray (5GY 8/1) ........... : ........ :............... 14.8 

2. Siltstone, moderate reddish brown (lOR 
4/6), as coarse as very fine grained 
sand sizes; noncalcareous, firm ce
ment; composed of horizontal sets 
less than 2 in. thick and of ripple 
laminae. Unit weathers to form ledges 
above cliff. Unit is transitional into 
overlying unit -----------------,---------------------- 10.8 

1. Sandstone, grayish orange pink (lOR 
8/2), fine grained; well cemented; 
composed of subangular clear quartz, 
common black and orange accessory 
minerals; festoon-type cross-lamina
tion to ripple lamination, sets 6 in. to 
5 ft thick. Unit weathers to form 
prominent upper vertical cliff in 
Moenkopi ............... : .......................... Unmeasured 

Total of incomplete Moenkopi 
Formation -------------------------------------- 25.6 

Base of section; not base of exposure. 

U-35. NORTH SIXSHOOTER PEAK 
Measured on north side of North Sixshooter Peak in sec. 91, 

T. 90 S., R. 21 E., SLM, San Juan County 
[Measured by J. H. Stewart and G. W. Weir, May 19~3] 

Wingate Sandstone: 
37. Sandstone, yellowish gray (5Y 8/1) in 

lower 3 ft, pale reddish brown in rest 
of unit examined (15 ft), weathers 
pale reddish brown (lOR 5/4), very 
fine to fine grained, abundant well
rounded coarse grains; well sorted; 
firmly cemented, slightly calcareous; 
lower 5 ft horizontally stratified, re
mainder composed of thick planar 
set of medium-scale cross-laminae; 
massive splitting; weathers to form 

Feet 

vertical cliff .................................... Unmeasured 
Chinle Formation: 

Church Rock Member: 
NOTE.- Along Indian Creek near Dugout 

Ranch, the Church Rock Member appears 
to be thicker at the expense of other mem
bers of the Chinle. Several internal discon
formities were noted in the Church Rock 
Member of the Chinle along Indian Creek 
near Dugout Ranch. 

Hite Bed: 
36. Sandstone, pale reddish brown (lOR 

5/4), pale red (lOR 6/2) with sub
ordinate yellowish gray (5Y 8/1), 
weathering pale reddish brown (lOR 
5/ 4), very fine to fine grained; firmly 
to well cemented, noncalcareous; com
posed predominantly of ripple lami
nae, sparse thin small-scale to 
medium-scale low-angle trough sets; 
massive splitting; weathers to form 
cliff containing small ledges. Unit 
from 6.6 to 8.8 ft contains abundant 
granules and pebbles of pale-reddish
brown (lOR 5/ 4) siltstone and clay-
stone ........................................................ 14.3 

35. Silty claystone to clayey siltstone, gray
ish red (lOR 4/2) and pale reddish 
brown (lOR 5/4), weathering same 
colors; firmly cemented, noncalcar
eous; stratification conceale.d; 
weathers to form steep loose and 
rubble-covered slope. Sparse light-
greenish-gray (5GY 8/1) spots ........ 23.5 

34. Sandstone ( 40 percent) and siltstone 
(60 percent). Sandstone, pale red
dish brown (lOR 5/4), pale red (lOR 
6/2), and sparse light greenish gray 
( 5GY 8/1) mottles and in thin 
bands, weathering same colors, very 
fine to fine grained, well sorted; firmly 
to well cemented, noncalcareous; pre
dominantly ripple laminated, sparse 
thin trough sets of medium-scale low-
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Chinle Formation-Continued 
Church Rock Member-Continued 

Hite Bed-Continued 
angle cross-laminae; platy to slab by 
splitting. Siltstone, pale reddish brown 
(lOR 5/4), weathering same color; 
firmly cemented, noncalcareous; hori
zontally and ripple laminated; platy 
splitting. Thin sets of sandstone in
terbedded with siltstone. Basal con
tact of unit sharp. Basal few inches 
to half foot contains granules to cob
bles of pale-reddish-brown (lOR 5/4) 
siltstone. Unit as a whole is tabular 
but varies in thickness and grades 
into overlying unit; weathers to form 
steep slope containing small ledges ... . 

Total of Hite Bed ............................. . 

33. Siltstone, pale reddish brown (lOR 5/4) 
and light brown (5YR 5/6), weather
ing light brown (5YR 5/6) and pale 
red (lOR 6/2) in lower 16.5 ft; firmly 
cemented, calcareous; predominantly 
structureless but with some possible 
horizontal and ripple laminae, frac
tures into pebble-sized fragments; 
weathers to steep loose slope. Light
greenish-gray (5GY 8/1) spots aver
aging about % in. in diameter 
constitute about 5 percent of unit. 
Locally a thin set of limestone is 
present at 16.5 ft above base of unit; 
limestone is similar to that in unit 27 

Total of Church Rock Member ....... . 

Contact of Church Rock and Owl Rock Members 
placed at top of highest persistent set ?f dense 
limestone. 

Owl Rock Member: 
32. Limestone and siltstone. Limestone, 

pale red (lOR 6/2) and light green
ish gray (5GY 8/1), weathers same 
colors, aphanitic, horizontally lami
nated, flaggy to slab by splitting; 
occurs as discontinuous beds in basal 
2.2 ft of unit and from 5.5 to 7.5 ft 
above base; weathers to form ledges. 
Siltstone, similar to unit 31 except 
weathe1·s pale red (lOR 6/2); weath-
ers to form steep slope ....................... . 

31. Siltstone, light brown (5YR 5/6), 
weathers light brown (5YR 5/6) ; 
firmly to well cemented, calcareous; 
composed of thin sets of poorly devel
oped horizontal laminae; slab by split- · 
ting; weathers to form prominent 
ledges and brown band. Gradational 
into unit below ..................................... . 

30. Siltstone, light brown (5YR 6/4), pale 
reddish brown (lOR 5/4), and pale 

Feet 

20.4 

58.2 

198.0 

256.2 

7.5 

7.5 

Chinle Formation-Continued 
Owl Rock Member-Continued 

red (lOR ·6/2 and 5R 6/2), weathers 
pale red (lOR 6/2) ; firmly cemented, 
calcareous; stratification concealed, 
some possible horizontal stratifica
tion; weathers to form steep slope. 
Unit contains swelling clays in 10-ft 
interval near top of basal third of 
unit. Clay forms interstitial part of 
siltstone .. Calcarenite and limestone
granule conglomerate occur at 16.5 
to 18.5 ft and rarely in rest of unit, 
are light greenish gray (5GY 8/1), 
and are composed of rounded coarse 
grains to granules of limestone in 
lime matrix. Some horizontally lami
nated and ripple-laminated sets of 
siltstone occur in lower half of unit. 
Unit probably occupies position of so
called Black Ledge seen to north on 
cliffs south of Hatch Point and to 
west near junction of Green and 
Colorado Rivers ................................... . 

29. Siltstone, variegated predominantly 
light brown (5YR 6/4) and pale red
dish brown (lOR 5/4), subordinate 
pale red purple (5RP 6/2) in lower 
half and rarely in upper half, weath
ering grayish orange (lOYR 7/4) 
and pale reddish brown (lOR 5/4), 
bands of pale red purple (5RP 6/2), 
firmly cemented, calcareous; stratifi
cation concealed; weathers to form 
steep loose slope; abundant light
greenish-gray (5GY 8/1) spots from 
1;2 to 1 in. in diameter; most of unit 
contains common pale-red (lOR 6/2) 
limy nodules generally about 1 in. in 
diameter. Top part of unit forms 
prominent brown band ....................... . 

28. Dolomitic limestone (70 percent) and 
clayey siltstone (30 percent). Dolo
mitic limestone, pale purple ( 5P 6/2), 
weathering same color, aphanitic, 
mostly contorted stratification; split
ting irregular; common pale reddish 
brown (lOR 5/4) chert masses gen
erally between % and % in. in diam
eter, common light-greenish-gray ( 5G 
8/1) spots; weathers to form discon
tinuous knobby-surfaced ledge. Clayey 
siltstone, grayish red (lOR 4/2), 
weathers pale purple (5P 6/2); firmly 
cemented, noncalcareous; stratifica
tion concealed. Ver:y thick beds of 
clayey siltstone occur interstratified 
with very thick beds of dolomitic 
limestone, but position and amount of 
claystone vary greatly along outcrop. 
Unit as a whole tabular and weath-

297 

Feet 

66.5 

56.2 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

ers to form purplish band; weathers 
to form steep rubble-covered slope 
with discontinuous ledges ................. . 

27. Limestone, very light gray (N 8), 
weathering grayish orange (lOYR 
7 I 4), aphanitic; common coarse cal
cite crystals; structureless, slab by 
splitting; weathers to form prominent 
thin ledge ............................................. . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
26. Siltstone similar to unit 25 except 

about 30 percent of unit composed of 
very light gray (N 8) aphanitic lime
stone nodules averaging about 1;2 in. 
in diameter ........................................... . 

25. Clayey siltstone, pale. re~dish brown 
(lOR 5/4), weathering pinkish gray 
(5YR 8/1); firmly cemented, calcar
eous; stratification concealed; weath
ers to form steep loose r~bble-covered 
and locally "crusty" slope. Contains 
swelling clays. Light-greenish-gray 
( 5GY 8/1) silty claystone occurs in 
lower 2 ft of unit. Sandstone occurs 
from 22.1 to 24.1 ft above base of 
unit. Sandstone, pale red (lOR 6/2) 
with light-greenish-gray · (5GY 8/1) 
spots averaging 1;4 in. in diameter, 
weathers pale red (lOR 6/2) with 
light-greenish.,gray spots, fine grained, 
well sorted; composed of subangular 
milky mineral, 20 percent orange 
mineral, 10 percent black mineral 
and common green mineral; firmly 
cemented, calcareous; stratification 
concealed. Unit poorly exposed ......... . 

24. Sandstone, light greenish gray ( 5GY 
8/1), very light gray (N 8) and 
light gray (N 7), weathering very 
light gray (N 8), fine grained, well 
sorted; composed of subangular clear 
quartz and feldspar and 20 percent 
green, orange, and gray minerals, 
common brown mica; poorly ce
mented, highly calcareous; stratifica
tion poorly developed, some possible 
medium-scale low-angle cross-stratifi
cation; weathers to form steep slope. 
Unit forms prominent light colored 
band !:;lightly above Moss Back Mem-
ber ........................................................... . 

23. Sandstone, greenish gray (5GY 6/1), 
:weathering greenish gray ( 5GY 6/1), 
coarse grained with about 15 percent 
granules and very coarse grained 
sand; fair sorted; composed of sub
angular to subrounded clear quartz, 
milky quartz, and probably feldspar 
and of round greenish-gray and gray 
limestone grains and granules, abun-

Feet 

25.1 

1.0 

163.8 

3.0 

25.3 

17.4 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

dant orange and black accessory min
erals, common clay pellets; poorly 
cemented, calcareous; stratification 
concealed; weathers to form steep 
loose slope ............................................. . 

22. Unit mostly covered, but some outcrops 
at top of light-greenish-gray (5GY 
8/1) claystone with common carbo
naceous material; grades into over-
lying unit -----·-···········----------------------------

Total of Petrified Forest Member 

Moss Back Member: 
21. Sandstone, similar to unit 20 except for 

abundant cross-stratification at top 
that consists of trough sets of me
dium-scale low-angle cross-laminae; 
green claystone parting at base ....... . 

20. Sandstone, yellowish-gray (5Y 8/1); 
weathers light brown (5YR 5/6) ; 
fine to medium grained, fair sorted; 
composed of clear quartz and feld
spar ( ?) , fine ·white mica, white to 
yellowish-gray clay grains (perhaps 
representing decomposed feldspar), 
and abundant black and orange ac
cessory minerals; well cemented; 
stratification poorly exposed, but 
probably mostly horizontally strati
fied; massive splitting; weathers to 
form cliff ------------------------------------------------

19. Silty claystone (50 percent) and sand
stone (50 percent). Claystone, pale 
olive ( 1 OY 6 I 2 ) ; weathers same 
color; thinly laminated; papery split
ting that forms small chips. Sand
stone, yellowish gray ( 5 Y 7/2) ; 
weathers light brown (5YR 6/4); 
fine grained, silty, fair sorted; well 
cemented; ripple marked; occurs as 
lenticular layers in claystone; platy 
splitting. Unit as a whole forms 
prominent notch in cliff. Unit defines 
prominent local diastem ..................... . 

18. Conglomeratic sandstone, pale-greenish
yellow (lOY 8/2) ; weathers light 
brown (5YR 6/4); fine to coarse 
grained with granules and pebbles, 
poorly sorted; composed of subangu
lar to subrounded grains of milky, 
bluish-gray, and clear quartz, clear 
plagioclase (?), greenish-gray and 
yellowish-orange clay (perhaps rep
resenting, in part, decomposed feld
spar), and subangular to well-rounded 
granules and pebbles as large as 1 1;2 
in. in diameter (avg. % in. diameter) 
of milky quartz, orange, gray, and 
black chert, greenish-brown limy silt
stone, and light-gray thinly laminated 
siltstone; firmly cemented, calcare
ous ( ?) , with some clay binding; 

Feet 

5.0 

3.6 

54.3 

23.8 

18.0 

1.0 
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Chinle Formation-Continued 
Moss Back Member-Continued 

trough sets of medium- and small
scale low- to high-angle cross-lami
nation throughout unit; platy to 
massive splitting. Unit weathers to 
form rough steep ledge and breaks up 
into large blocks 10 ft or more in 
diameter that are mainly concentrated 
within 75 ft of the Moss Back
Moenkopi contact. Some siltstone and 
sandstone pebbles and cobbles, as 
large as 5 in. in diameter, were 
probably derived from the Moenkopi. 
Carbonaceous material is not con
spicuous on the outcrop, but its pre
sence is indicated by some scattered 
dark spots partly replaced by calcite 
and by impressions on talus blocks ... . 

Total of Moss Back Member ........... . 

Total of Chinle Formation ............. . 

NOTE. - Contact between the Moenkopi and Moss 
Back is placed at the base of a conglomeratic sand
stone that rests on poorly exposed pale-reddish
brown and light-brown siltstone of the Moenkopi. 
The contact commonly is concealed by slump 
blocks of Moss Back and slope wash from higher 
units. If the reddish-brown silty material identified 
as Moenkopi directly below the conglomeratic 
sandstone is slope wash from higher formations 
(Chinle and Wingate), the actual Moss Back
Moenkopi contact may be as much as 10 ft below 
the contact selected here. 

Section offset, so that unde'rlying units 'we·re ?nea
su.?·ed about 1,000 ft east of unit 18. 

Moenl<opi Formation (incomplete) : 
17. Siltstone to clayey siltstone, pale-red

dish-brown (lOR 5/4) and light
brown (5YR 6/4); abundant thin 
bands of light greenish gray (5GY 
8/1) from 55.5 to 104.5 ft and 
locally elsewhere in unit; weathers 
same colors; contains abundant fine
grained white mica; horizontally and 
ripple laminated; platy splitting with 
minor flaggy . and slabby splitting; 
weathers to form rubble-covered steep 
slope with few thin ledges. Unit 
differentiated from one below by its 
light-greenish-gray bands and fewer 
resistant ledges ................................... . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Base of section; not base of exposure. 

Units 1-16 described in Stewart, Poole, and Wilson 
(1972). 

U-36. llONCHO HOUSE 

Feet 

10.0 

52.8 

527.1 

164.0 

164.0 

M easu1·ed on Co,mb Ridge about 2 miles south of place where 
Chinle Wash c1·osses Com.b Ridge, long 109° 44'80" W., lat 
87°7' N., San Juan Cou.nty 

[Measured by L. C. Craig, T. E. Mullens, G. A. Williams, and P. J. Katich, 
June 1951] 

472-202 0 - 72 - 20 

Top of section; not top of exposure. Feet 

Kayenta Formation: 
102. Sandstone, pink to light gray, medium 

grained; festoon-type cross-lamina
tion; ledgy channel-filling sandstone 
with nonresistant shaly material..Unmeasured 

Wingate Sandstone: 
101. Sandstone, moderate reddish orange 

(lOR 6/6) and light brown (5YR 
6/4), fine to medium grained, com
posed of clear subangular quartz 
grains with common black and pink 
accessory minerals; predominantly 
compound cross-laminations on large 
scale. Upper part of unit contains 
two 30- to 50-ft layers of massive 
structureless darker colored sand
stone. The structureless layers prob
ably represent shallow quiet water 
deposition, in contrast to units of 
predominant eolian character that 
make up the remainder. Eolian parts 
of unit commonly contain coarse well
rounded grains concentrated along 
cross-lamination planes and dissemi
nated within layers. Thickness of 
unit approximate because of marked 
change in strike and dip within unit 343.0± 

100. Sandstone, similar to above- entirely 
eolian-type cross-lamination- sepa-
rated from overlying unit because of 
somewhat less resistance to weath-
ering. Unit composed of clear and, in 
part, amber-stained subangular to 
well-rounded quartz grains with com-
mon black and orange and sparse 
green accessory minerals. Thickness 
approximate because of marked 
change in strike and dip within unit 

Total of Wingate Sandstone 
(approximate) ............................. . 

Section offset at top of unit 99 so that ove·rlying units 
wm·e measu1·ed 500 ft no1·th of unit 99 and under
lying units. 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
99. Sandstone, moderate orange pink (lOR 

6/4) to moderate reddish orange (lOR 
5/6), very fine to fine grained, com
posed of clear subangular quartz with 
accessory minerals masked; festoon 
and incline cross-lamination; a few 
channels occur within units; clay
stone pebbles occur in strata filling 
chan nels. Unit appears fluviatile; 
forms steep ledgy slope. Contact with 
Wingate exposed in line of section ... . 

Total of Rite Bed ........................... . 

98. Sandstone, moderate reddish orange 
(lOR 6/6), very fine grained, sub
angular, composed of clear and 

131.0 

474.0 

42.3 

42.3 
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Chinle Formation-Continued 
Church Rock Member-Continued 

amber-stained quartz with accessory 
minerals masked, faintly laminated, 
subparallel laminations throughout 
most of unit with ripple lamination 
and very fine scale inclined lamina
tions near top. Two shaly partings 
less than 2 ft thick occur near top 
of unit and are separated by bleached 
and mottled 2-ft sandstone bed. Unit 
forms reddish cliff ............................... . 

97. Siltstone to very fine grained sand
stone, minor claystone; siltstone to 
sandstone, moderate reddish orange 
(lOR 5/6), as coarse as fine grained; 
hackly weathering; faint subparal
lel ( ?) laminations, some wavy lami
nae and local brecciation. Claystone, 
dark reddish brown (lOR 3/4), very 
silty, hackly weathering; forms 5-ft 
bed about 10 ft above base of unit. 
Unit forms irregular ledgy slope ..... . 

Total of Church Rock Member ....... . 

Owl Rock Member: 
96. Siltstone and limestone. Siltstone, mod

erate reddish brown (lOR 4/6), forms 
gentle slope. Limestone, mottled, very 
light gray (N 8) to grayish pink, 
weathers light gray (N 7) and pale 
red (5R 5/2), very fine grained with 
secondary streaks of medium crystal
line limestone. Limestone is highly 
brecciated and occurs in various sized 
fragments less than 2 in. in diameter. 
Limestone forms two distinct beds 
less than 2 ft thick, one in middle of 
unit and one at top of unit. At base 
of top limestone is a 6-in. bed of 
granule conglomerate consisting pre
dominantly of limestone pebbles but 
containing some quartz and chert 
pebbles ................................................... . 

95. Siltstone to sandstone, pale reddish 
brown (lOR 4/4), as coarse as very 
fine grained; hackly weathering·; 
highly calcareous. Unit forms steep 
slope with four ledges; lower two 
ledges in lower 10 ft, upper two 
ledges in upper 10 ft. Unit is struc
tureless to faintly wavy laminated. 
Upper ledge is lighter colored and 
contains fine white fossil fragments 

94. Siltstone and minor claystone. Siltstone, 
pale red (5R 6/2); claystone, mod
erate reddish brown (lOR 4/6). Unit 
is calcareous; hackly weathering; 
faintly banded; locally contains chan
nels with festoon cross-lamination. 
Channels as deep as 15 ft. Claystone 
is very silty, forms 3-ft unit at top 
of basal third of unit. Entire unit 

Feet Chinle Formation-Continued 

69.3 

67.8 

·179.4 

26.5 

31.9 

Owl Rock Member-Continued 
forms steep slope containing small 
discontinuous ledges ........................... . 

93. Conglomerate, mottled predominantly 
pale red (5R 6/2) and light greenish 
gray, poorly sorted, composed pre
dominantly of pebbles of claystone, 
siltstone, and to a lesser extent of 
sandstone; festoon-type cross-lamina
tion on medium scale. Unit contains 
common pelecypods ............................... . 

92. Siltstone, lower liz predominantly pale 
red (5R 6/2), upper liz pale reddish 
brown (lOR 5/4); highly calcareous; 
lower liz rubbly to hackly weather
ing and forms local steep slope or 
cliff; upper liz forms steep slope or 
cliff and contains large-scale cross-
lamination ........................... : ................. . 

91. Siltstone, mottled moderate orange pink 
(lOR 7/4) and light greenish gray 
( 5G 8/1), very calcareous; composed 
of fine subparallel laminae and of 
ripple laminae; forms resistant ledge 

90. Claystone with minor sandstone. Clay
stone, pale reddish brown (lOR 4/4), 
silty, calcareous; hackly to earthy 
weathering. Thin sandstone bed in 
middle of unit. Unit shows faint color 
bandings; forms steep slope ............... . 

89. Sandstone, mottled moderate red (5R 
5/ 4) with light-greenish-gray spots, 
fine to medium grained; composed of 
clear subangular quartz with common 
to abundant dark mica (chlorite or 
biotite) ; festoon-type cross-lamina
tions; locally contains claystone and 
limestone pebbles as large as 1f.t in. 
in diameter; local lens extending 500 
ft along exposure ................................. . 

88. Claystone, slightly silty, pale red (5R 
6/2), lighter colored in the upper liz; 
lower liz is hackly weathering and 
contains limestone-nodule rubble on 
surface; upper liz weathers to form a 
frothy surface and does not contain 
limestone nodules; entire claystone 
interval highly calcareous ................... . 

87. Limestone, very light gray to light gray 
to pale red, dense to very finely 
crystalline, forms prominent nodular 
weathered ledge with thin purple 
band at base ......................................... . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
86. Claystone, slightly silty, grayish red 

(5R 4/2) in lower 10ft, pale reddish 
brown (lOR 4/4) in second 10 ft and 
moaerate reddish brown (lOR 4/6) in 
upper part; weathers to form a hackly 
to frothy surface ................................. . 

Feet 

111.1 

9.0 

44.5 

6.9 

103.4 

7.6 

45.6 

7.0 

393.5 

77.2 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

85. Sandstone, white to very light gray, 
variably clayey, grading to sandy 
claystone at top, very fine to coarse 
grained; composed of clear subangu
lar quartz, common black accessory 
minerals; contains limestone pebble 
conglomerate (pebbles less than 3 in. 
in diameter) locally at base ----------------

. 84. Claystone, grayish red, with moderate
reddish-brown band 1 to 5 ft thick 
at top, silty; slightly calcareous; 
weathers to form a hard frothy sur
face covered with irregular nodules 
and rubble of limestone. Limestone 
nodules are medium gray, dense, and 
1% in. to 3 in. in diameter. Unit 
weathers to form minor cuesta ----------

83. Siltstone, clayey, light greenish gray 
(5GY 8/1) ; weathers to form a frothy 
surface. Limestone pellet conglomer
ate occurs at base and forms minor 
bench ____ ------ .. _____ --------- ______________ ----------------

82. Claystone, light greenish gray (5GY 
8/1) to pale red ( 5R 6/2) , mottled 
appearance, weathers pale red (5R 
6/2) ; many small inclusions as large 
as 5 in. in diameter. Unit caps cuesta 
to east of that developed on under
lying unit; weathers with frothy sur-

face ----------------------------------------------------------

Total of Petrified Forest Member 

Monitor Butte Member: 
81. S i I ty claystone, light-greenish-gray 

(5GY 8/1); contains numerous gyp
sum flakes in lower part and numer
ous irregularly oriented logs that are 
replaced by sand, calcite, and iron 
oxide; weathers to hackly and highly 
frothy surface that forms steep cuesta 
and dip slope -----------------------------·----------

80. Silty claystone, medium-light-gray (N 
6) with faint red and purple bands; 
weathers to hackly and frothy sur
face. About 300 ft south of section 
line a sandstone occurs near top of 
unit. It is medium gray, lenticular, 
and much contorted and fills channels 
and contains pla'nt impressions and 
some ripple lamination. Laterally 
member is contorted and thicker than 
along line of section -·-·--···------------- .. -- .. 

Total of Monitor Butte Member ... . 

Total of Chinle Formation ........... . 

NOTE. - From % to % mile south of line of section, 
a prominent sandstone lens of the Shinarump 
Member occurs at the base of the Chinle. The lens 
has a maximum thickness of 40 ft, a remarkably 
flat basal surface, and an irregular top surface. 
This sandstone is light greenish gray (5GY 8/1) 
to yellowish gray (5Y 8/1) and very pale orange 

Feet (lOYR 7/4); fine to medium grained, coarser at 
base; composed of subangular grains of clear 

Feet 

quartz with common to abundant black, orange, 
and white accessory minerals; consists of numer-
ous festoon sets, less than 1 ft thick, of small-
scale cross-laminations. 

Moenkopi Formation (incomplete) : 
Upper part: 

79. Claystone and sandstone, similar to unit 
20.4 77 except. for less sandstone and fine 

banding. Lithology not examined in 
detail because unit forms inaccessible 
cliff along line of section. Entire unit 
is cut out by channel at base of Chinle 
300 ft south of section line. Channel 
fill consists of strata of the Monitor 

41.7 

21.9 

17.0 

178.2 

158.5 

22.9 

181.4 

932.5 

Butte Member of Chinle ...................... 23.0 
78. Sandstone, pale-red (lOR 6/2) and 

light-greenish-gray (5GY 8/1) with 
white mottling and banding; very 
fine to fine grained; composed of sub
angular clear quartz and common 
gray to black accessory minerals; lo
cally contains small-scale cross-lami
nated sets; weathers with rounded 
hoodoo shapes ........................................ 11.5 

77. Claystone (50 percent) and sandstone 
(50 percent). Claystone, pale to dark 
reddish brown (lOR 5/4 to lOR 3/4); 
silty; highly micaceous; seems to be 
finely ripple laminated. Sandstone, 
light greenish gray (5GY 8/1) to 
white (N 9) and moderate reddish 
orange (lOR 6/6) ; fine to medium 
grained; composed of subangular 
clear quartz; ·thin bedded (2 in. to 2 
ft thick), ripple marked and struc-
tureless; platy to massive splitting 42.3 

Total of incomplete Moenkopi 
Formation ...................................... 76.8 

Base of section; not base of exposure. 

Units 1-76 described in Stewart, Poole, and Wilson 
(1972). 

U-37a. RINCON SECTION A 
Measured at the Rincon, from the south side oi the Colorado 

River nea1· the crest of the Waterpocket fold to the promi
nent point on the east side of the Rincon, long 110° 1,.7' W., 
lat 37° 19.5' N., San Juan County 

[Measured by J. H. Stewart, G. A. Williams, and H. F. Albee, March 1953] 

Top of section; top of exposure. Feet 

Chinle Formation (incomplete) : 
Church Rock ( ?) Member (incomplete) : 

31. Mostly covered. Thickness is to highest 
exposure of Chinle Formation in local 
area. All Chinle material in unit is 
slumped. Contact of Chinle and Win
gate covered. Visual comparison of 
thickness of Wingate at point where 
section measured with complete thick
ness of Wingate on outcrops to east 
indicates that base of Wingate is not 
more than 50 ft above top of unit...... 21.2 
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Chinle Formation (incomplete) -Continued 
Church Rock(?) Member (incomplete)-Con. 

30. Siltstone, pale reddish brown (lOR 
5/4), weathering same color; firmly 
cemented, calcareous; stratification 
concealed; weathers to form steep 
rubble-covered slope; poorly exposed 

Total of incomplete Church 
Rock ( ?) Member ......................... . 

Owl Rock Member: 
29. Limestone, pale red (lOR 6/2) and 

light greenish gray ( 5GY 8/1), 
weathering pale red (lOR 6/2), dense; 
well cemented, calcareous, possibly 
siliceous; poorly developed thin beds; 
slab by splitting; weathers to form 
small ledge ........................................... . 

28. Siltstone, moderate red (5R 5/4), dusky 
red (5R. 3/4), pale reddish brown 
(lOR 5/4), weathering moderate red 
(5R 5/4); firmly cemented, calcare
ous in parts; stratification concealed; 
weathers to form steep slope. Some 
light-greenish-gray ( 5GY 8/1) lime
stone nodules occur in lower half of 
unit ......................................................... . 

27. Siltstone, grayish red purple (5RP 4/2), 
weathering pale red purple (5RP 
6/2); firmly cemented, calcareous; 
stratification concealed; weathers to 
form steep slope. Contact 'Yith over
lying unit not well exposed but placed · 
at color change. Abundant light
greenish-gray (5GY 8/1) limestone 
nodules. Abundant light-greenish-
gray (5GY 8/1) spots ......................... . 

26. Sandstone, light greenish gray ( 5GY 
8/1) and pale red (lOR 6/2), weath
ering same colors, coarse grained, 
well sorted; composed of subangular 
clear quartz and orange and green 
minerals (30 percent) ; poorly ce
mented, calcareous; stratification con
cealed; weathers to form steep slope. 
Top 0.8 ft of unit is composed of 
grayish-orange-pink (5YR 7 /2) fine
grained ripple-laminated sandstone .... 

25. Limestone pebble conglomerate, light 
greenish gray (5GY 8/1), weather
ing light brown (5YR 6/4); massive 
splitting; weathers to form most 
prominent ledge in upper part of 
Chinle; otherwise similar to unit 23 

24. Siltstone, type 1 and type 2. Type 1, 
pale reddish brown (lOR 5/4), weath
ering same color; firmly cemented, 
calcareous; stratification concealed. 
Type 2, light greenish gray ( 5GY 
8/1), weathering same color, sandy; 
well cemented, calcareous; ripple 
laminated; platy splitting. Very thin 
to thin sets of type 2 siltstone occur 
interbedded with type 1 siltstone. Unit 

Feet 

10.6 

31.8 

.8 

29.1 

20.4 

11.4 

12.7 

Chinle Formation (incomplete) -Continued Feet 

Owl Rock Member-Continued 
as a whole weathers to form a steep 
slope ........................................................ 9.0 

23. Limestone pebble conglomerate, light 
greenish gray (5GY 8/1), weather
ing same color, well-rounded limestone 
pebbles and granules in aphanitic 
calcite matrix, poorly sorted; firmly 
cemented; thin bedded; slab by to 
blocky splitting; weathers to form 
small ledge. Sparse quartz and silt-
stone pebbles .......................................... 1.9 

22. Siltstone and limestone. Siltstone, pale 
red (lOR 6/2), pale reddish brown 
(lOR 5/4), and light brown (5YR 
6/ 4), weathering same colors; firmly 
cemented, calcareous; stratification 
concealed. Contains abundant light
greenish-gray (5GY 8/1) spots. Lime
stone, pale red (lOR 6/2), light 
greenish gray (5GY 8/1), weathering 
same colors, dense; well cemented; 
stratification poorly exposed, prob
ably thin bedded; slabby splitting. 
Limestone occurs in thin sets inter
stratified with siltstone. Limestone 
sets abundant from 56.7 to 70.1 ft 
above base of unit and occur rarely 
throughout rest of unit. Position and 
content of limestone changes along 
outcrop. Light-greenish-gray (5GY 
8/1) limestone granule conglomerate 
from 9.7 to 10.9 ft above base of unit 105.6 

21. Sandstone, light greenish gray (5GY 
8/1) and minor pale red (lOR 6/4), 
weathering same colors, medium 
grained, fair sorted; composed of sub
rounded clear quartz and orange and 
black minerals (10 percent), possibly 
20 percent of rock consists of inter
granular calcite and of limestone 
grains; firmly cemented, calcareous; 
stratification poorly exposed but prob
ably mostly thin trough sets of low
angle medium-scale cross-laminae, 
some sets are thicker and locally 
constitute entire unit; splitting con
cealed; weathers to form light-colored 
band and steep slope. Abundant very 
coarse grains and granules of lime-
stone occur in a few thin sets ............ 11.6 

20. Siltstone and limestone. Siltstone, pale 
red (lOR 6/2), minor pale reddish 
brown (lOR 5/4), and pale red pur
ple (5RP 6/2), weathering same 
colors; firmly cemented, calcareous; 
stratification concealed. Abundant 
light-greenish-gray (5GY 8/1) spots. 
Unit contains sparse thin beds of 
light-greenish-gray (5GY 8/1) silt
stone containing abundant well
rounded limestone granules. Siltstone 
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Chinle Formation (incomplete)-Continued 
Owl Rock Member-Continued 

contains abundant pale-red (lOR 6/2) 
and light-greenish-gray (5GY 8/1) 
limestone noduies which average 
about 1f2 in. in diameter. Limestone, 
pale red (lOR 6/2) and light green
ish gray (5GY 8/1), weathering same 
colors, dense; well cemented; stratifi
cation poorly exposed but probably 
mostly thin bedded; slabby splitting. 
Limestone confined to tabular sets 
from 49.8 to 51.4 ft, 53.4 to 56.0 ft, 
59.9 to 61.6 ft above base of unit. 
Unit as a whole weathers to form 
steep slope with small ledges on lime-
stone ....................................................... . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
Reddish-orange unit (possibly the reddish

orange unit and the underlying limestone 
unit, unit 14, belong in the Owl Rock 
Member): 

19. Clayey siltstone, pale-reddish-brown 
(lOR 5/4) and moderate-brown (5YR 
4/4) in about equal proportions. 
Otherwise, unit is similar to unit 15. 
Units 15 to 19 form light-brown (5YR 
6/4) and pale-reddish-brown (lOR 
5/4) color band on outcrop ............... . 

18. Siltstone, pale reddish brown (lOR 5/4) 
and grayish red (lOR 4/2) ; poorly 
cemented, calcareous; ripple lami
nated; platy splitting; weathers to 
form slope. Abundant very fine sand 
grains along planes of ripple-lami
nae and disseminated elsewhere in 
unit. Abundant light-greenish-gray 
( 5GY 8/J.) spots. Sparse light-green
ish-gray (5GY 8/1) ripple-laminated 
very thin sets interbedded with rest 
of unit. At base of unit is a 0.4-ft
thick light-greenish-gray (5GY 8/1) 
siltstone layer that contains abundant 
limestone granules ............................... . 

17. Similar to unit 15 ................................... . 
16. Clayey sandstone, pale reddish brown 

(lOR 5/4), weathering pale red (lOR 
6/2), very fine grained, probably con
tains 25 percent silt and clay, fair 
sorted; composed of subangular 
grains, composition not determinable, 
common fine-grained dark-green 
mica; firmly cemented, calcareous; 
stratification concealed; weathers to 
form steep rubble-covered slope. Sand
stone grades to siltstone in parts of 
unit. A coarse-grained sandstone 
about 0.4 ft thick locally occurs at 
base of unit ........................................... . 

15. Clayey siltstone, pale reddish brown 
(lOR 5/4), pale red (lOR 6/2) in 

Feet 

80.5 

283.0 

28.0 

4.8 
30.5 

28.5 

Chinle Formation (incomplete) -Continued 
Petrified Forest Member-Continued 

Reddish-orange unit-Continued 
lower 5 ft, weathering same colors; 
firmly cemented, highly calcareous; 
stratification concealed; weathers to 
form steep slope above bench on un
derlying unit. Abundant light-green-
ish-gray (5GY 8/1) spots ................. . 

Total of reddish-orange unit ......... . 

14. Limestone, light greenish gray (5GY 
8/1), minor pale red (lOR 6/2), weath
ers light brown (5YR 6/4), dense; 
stratification mostly concealed, but 
contains some horizontal laminae; 
massive splitting; weathers to form 
prominent ledge. Grades into unit 
below ....................................................... . 

13. Siltstone, similar to unit 11 ................. . 
12. Sandstone, pale reddish brown (lOR 

5/4), grayish red (lOR 4/2), and 
minor light greenish gray (5GY 8/1), 
very fine to fine grained, well sorted; 
composed of subangular milky min
eral and red and green minerals (20 
percent) ; firmly cemented, slightly 
calcareous; stratification poorly ex
posed but unit contains some small
scale cross-strata; splitting concealed; 
weathers to form small ledge. Sand
stone contains abundant flakes of 
pale-reddish-brown siltstone. Along 
outcrop unit locally forms prominent 
ledge. Along outcrop, unit appears to 
grade into prominent limestone ledge 

11. Siltstone, pale reddish brown (lOR 5/4), 
weathering pale red (lOR 6/2); 
firmly cemented, calcareous; stratifi
cation concealed; weathers to form 
very steep loose slope. About 10 per
cent of unit is composed of pale-red 
(lOR 6/2), greenish-gray (5GY 6/1), 
and white (N 9) limestone nodules 
which average 1 in. in diameter ....... . 

10. Sandstone, pale red purple (5RP 6/2), 
weathering grayish red purple (5RP 
4/2) ; fine grained, well sorted; com
posed of subangular undeterminable 
minerals and green and red minerals; 
firmly cemented, calcareous; com
posed of thin trough sets of low
angle small-scale cross-strata; platy 
splitting; weathers to form promi-
nent dark ledge ................................... . 

9. Sandy granule conglomerate, light 
greenish gray (5GY 8/1), weathering 
moderate yellowish brown (lOYR 
5/4) , poorly sorted; composed of well
rounded limestone granules in matrix 
of subangular fine-grained clear 
quartz and orange and black min
erals; poorly cemented, calcareous; 
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Feet 

36.8 

128.6 

14.5 
30.7 

8.2 

32.6 

7.1 
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Chinle Formation (incomplete) -Continued 
Petrified Forest Member-Continued 

thin bedded; slab by splitting. Sparse 
pale-reddish-brown (lOR 5/ 4) silt
stone pebbles and granules ----------------

Total of Petrified Forest Member 

Monitor Butte Member: 
8. Claystone and silty claystone, greenish

gray (5GY 6/1) and grayish-red 
(lOR 4/2) ; greenish gray generally 
dominant but colors change laterally 
on exposure; poorly cemented, cal
careous; stratification concealed; 
weathers to form steep slope ------------

7. Sandstone, light greenish gray (5GY 
8/1), weathering pale red (lOR 6/2), 
fine to medium grained, fair sorted; 
composed of subangular milky min
eral and common milky quartz and 
20 percent light-brown and ·green 
minerals; firmly to well cemented, 
calcareous; composed of thin trough 
sets of low-angle small-scale cross
laminae; platy splitting; weathers to 
form prominent ledge --------------------------

6. Silty claystone (95 percent) and sand
stone (5 percent). Silty claystone, 
greenish gray (5GY 6/1) and light 
olive gray (5Y 6/1) ; contains com
mon flakes of carbonaceous material 
and cylindrical bodies that are prob
ably fossilized tree trunks; noncal
careous; stratification and splitting 
concealed. Sandstone, grayish orange 
( 10 Y R 7 I 4) and pale yellowish orange 
(lOYR 8/6); weathers brownish 
black (5YR 2/1) ; fine grained, well 
sorted; composed of subangular clear 
quartz and sparse black accessory 
minerals; well cemented, slightly 
calcareous; horizontally and ripple 
laminated; platy splitting. Sandstone 
constitutes 20 percent of lower 54 ft 
of unit, where it occurs as thin to 
thick sets interbedded with siltstone; 
sandstone seems contorted and blocks 
of sandstone lie with strikes and dips 
at all angles to the regional attitude. 
A limestone bed 54 ft above base of 
unit is light olive gray ( 5Y 6/1) ; 
weathers same color and brownish 
gray (5YR 4/1) ; dense; well ce
mented; consists of horizontal laminae 
and possible ripple laminae; massive 
splitting; weathers to form bench. 
Lower half of unit is poorly exposed, 
and the limestone bed may have 
slumped to its present position; how
ever, the Monitor Butte Member con
tains a prominent limestone bed in 
about the same stratigraphic posi
tion east of section line ----------------------

Feet 

1.3 

223.0 

32.4 

12.1 

210.6 

Chinle Formation (incomplete) -Continued 
Monitor Butte Member-Continued 

Total of Monitor Butte Member ___ _ 

Shinarump Member: 
5. Sandstone, very pale orange (lOYR 

8/2), grayish-orange (lOYR 7 /4), 
yellowish-gray (5Y 8/1), and very 
light gray (N 8) ; weathers domi
nantly grayish orange (lOYR 7/4); 
abundant grayish-yellow (5Y 8/4) 
stain; medium to coarse grained, fair 
sorted; common granules and pebbles 
as large as 1.5 in. in diameter occur 
locally in unit; composed of sub
angular to subrounded clear quartz 
and common black and red accessory 
minerals; poorly to firmly cemented, 
slightly calcareous; common carbo
naceous and petroliferous material (a 
log about 1.5 ft in diameter composed 
·of coal occurs 69 ft above base of 
unit) ; consists of thin to thick trough 
sets of medium-scale low-angle cross
laminae, some very low angle cross
laminae or horizontal laminae; platy 
and massive splitting; weathers to 
form steep !edgy slope and cliff, top 
40 ft forms a prominent cliff ------------

Total of Shinarump Member _______ _ 

Total of Chinle Formation (com
posite of sections A and B. See 
note under description of unit 1, 
Rincon section B) ------------------------

Moenkopi Formation: 
Upper slope-forming ( ?) member: 

4. Siltstone, pale-reddish-brown (lOR 
5/4); weathers same color; top 21f2 
ft of unit is dark yellowish orange 
(lOYR 6/6) ; firmly to well cemented, 
calcareous; horizontally and ripple 
laminated, sparse very thin beds; 
platy splitting; weathers to form 
steep !edgy slope. The Moenkopi on 
north side of river is lig}:lt brown and 
grayish orange along crest of Water
pocket fold --------------------------------------------

Total of upper slope-forming ( ?) 

member --------------------------------------------

Conglomerate unit: 
3. Gobble and pebble conglomerate, gray

ish-orange (lOYR 7/4); weathers 
same color and olive gray (5Y 4/1); 
granules to cobbles as much as 6 in. 
long are composed of white and light
brown chert and are set in a matrix 
of well-rounded fine to medium grains 
of clear quartz; well cemented, cal
careous; very thinly bedded to thin 
bedded; platy to massive splitting; 
weathers to form prominent dark
colored ledge ------------------------------------------

Feet 

255.1 

194.9 

194.9 

1,039.5 

53.0 

53.0 

11.1 
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Moenkopi Formation-Continued 
Conglomerate unit-Continued 

Total of conglomerate unit ------------

Total of Moenkopi Formation -----

Unconformity (erosional) marked by_ scours as much 
as 1% ft deep cut into underlying unit. 

Kaibab ( '!) Limestone: 
2. Sandstone, very pale orange (lOYR 

8/2) ; weathers grayish orange (lOYR 
7 I 4) ; fine to medium. grained with 
abundant coarse grains, fair sorted; 
composed of subrounded to rounded 
clear quartz with possibly 25 percent 
interstitial and intergranular calcite 
locally; firmly cemented, calcareous; 
abundant limonite spots; consists of 
horizontal laminae and very thin beds 
and possibly some ripple .la_minae; 
platy to ftaggy splitting; weathers 
to form ledgy slope above cliff of 

Feet 

11.1 

64.1 

unit 1 ...................................................... 10.8 

Total of Kaibab (?) Limestone ...... 10.8 

Cutler Formation (incomplete) : 
De Chelly Sandstone Member (incomplete) : 

1. Sandstone, light-olive-gray (5Y 4/1) : 
weathers pale yellowish brown (5YR 
6/2) and grayish orange (lOYR 
7/4); fine to medium grained, well 
sorted; composed of rounded clear 
quartz, no accessory minerals seen; 
firmly cemented, slightly calcareous; 
highly petroliferous; common limo
nite spots; very thick sets of large
scale cross-laminae and thin beds; 
platy and massive splitting; weath
ers to form cliff. Entire unit not 
examined in detail: 50-75 ft more 
of unit is exposed on north side of 
river ........................................................ 58.0 

Total of incomplete De Chelly Sand-
stone Member ................................ 58.0 

Total of incomplete C!ltler Forma-
tion .......................... ~....................... 58.0 

Base of section; base of exposure at Colorado River. 

U-37b. RINCON SECTION B 
Measured on the fa1·thest east exposu1·e of the Chinle Forma

tion in the Rincon, long 110°1,6' W., lat 97°19.5' N., San 
Juan County 

[Measured by J. H. Stewart, March 1953] 

Top of section, not top of exposure. 
Wingate Sandstone: 

13. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 
grained, well sorted; composed of 
subrounded clear quartz and common 
black accessories; firmly cemented, 
calcareous; composed of thin trough 
sets of small- and medium-scale 
cross-laminae; massive splitting. 
Weathers to form vertical cliff. About 

Wingate Sandstone-Continued 
25 to 45 ft above base of unit, sand
stone is composed of thick Kayenta
like beds. These beds were not 
examined. Bottom few feet of unit 
contain well-rounded medium grains. 
Only bottom 5 ft of unit were ex-

Feet 

amined ............................................ Unmeasured 
Chinle Formation (incomplete) : 

Church Rock ( ?) Member: 
12. Siltstone, grayish red (lOR 4/2), 

weathering grayish red purple ( 5RP 
4/2), well cemented, noncalcareous; 
in well-exposed parts appears ripple 
laminated, stratification in rest of 
unit concealed; siltstone fractures 
into angular fragments ..................... . 

11. Limestone pebble to granule conglom
erate, pale red (lOR 6/2), weather-
ing same color; composed of granules 
and pebbles of limestone in calcite 
matrix; firmly cemented; stratifica-
tion and splitting concealed; weath-
ers to form slope containing small 
ledges. Unit contains 1-ft bed of 
grayish-red (lOR 4/2) siltstone in 
middle .................................................. .. 

10. Siltstone, pale reddish brown (lOR 
5/ 4), weathering same color; sandy 
(very fine grained), well cemented, 
noncalcareous; structureless; frac-
tures into angular fragments; weath-
ers to form slope in lower part and 
small ledge in upper part. Common 
light-greenish-gray (5GY 8/1) spots 

9. Siltstone, pale red (lOR 6/2) and 
light greenish gray (5GY 8/1), 
weathering grayish orange (lOYR 
7 I 4) ; well cemented, very slightly 
calcareous, possibly siliceous; hori-
zontally laminated, possibly some 
ripple laminae; platy to slab by 
splitting; weathers to form small 
ledge ....................................................... . 

8. Siltstone, pale reddish brown (lOR 
5/ 4), weathering same color; well 
cemented, noncalcareous; stratifica-
tion concealed; weathers to form 
slope. Pale-yellowish-brown (lOYR 
6/2) siltstone (otherwise similar to 
rest of unit) forms small ledge 1 
ft above base of unit ........................... . 

7. Siltstone, pale red (5R 6/2) and minor 
light greenish gray (5GY 8/1), 
weathering same colors; well ce-
mented, slightly calcareous, possibly 
siliceous; probably thin horizontally 
bedded; slab by splitting; weathers 
to form small ledge ............................. . 

6. Siltstone, similar to unit 4. Unit con
tains 0.6-ft bed of light-greenish
gray (5GY 8/1) and pale-red (lOR 
6/2) well-cemented, possibly sili
ceous, siltstone at 2.6 ft above base .... 

10.8 

8.1 

9.1 

4.5 

4.7 

2.9 

15.4 
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Chinle Formation (incomplete) -Continued 
Church Rock ( ?) Member-Continued 

5. Siltstone, pale red (5R 6/2), weather
ing same color; well cemented, slight
ly calcareous and possibly siliceous; 
structureless; massive splitting; 
weathers to form small ledge. Abun-
dant light-greenish-gray (5GY 8/1) 
spots --------------------------------------------------------

4. Siltstone, pale reddish brown (lOR 
5/4) weathering same color; firmly 
cemented, noncalcareous; stratifica-
tion concealed; weathers to form 
steep loose slope ------------------------------------

3. Limestone-granule conglomerate, light 
greenish gray (5GY 8/1), weather-
ing light brownish gray (5YR 6/1), 
composed of round limestone gran-
ules and sparse pebbles in calcite 
matrix; stratification concealed; 
weathers to small ledge ------------------------

2. Siltstone, pale reddish brown (lOR 
5/4), weathering moderate red (5R 
5/4) in lower 8.5 ft of unit, rest of 
unit weathers grayish red (lOR 4/2), 
weathering color masked by debris; 
firmly cemented, calcareous; strati-
fication and splitting concealed; 
weathers to form steep loose slope. 
Uncommon light-greenish-gray (5GY 
8/1) limestone nodules. Upper three-
fourths of unit poorly exposed _______ _ 

Total of Church Rock (?) Member 

Owl Rock Member: 
1. Siltstone, grayish red purple ( 5RP 

4/2), weathering pale red purple 
(5RP 6/2); firmly cemented, cal
careous; stratification concealed; 
weathers to form loose slope. Abun
dant light-greenish-gray (5GY 8/1) 

Feet_ 

2.4 

4.7 

1.3 

49.5 

113.4 

spots ------------------------------------------------Unmeasured 
NOTE.- Unit 1 is probably the same as 

unit 27 of Rincon section A. If this unit 
is the same as unit 27 of Rincon section 
A, the 29.9 ft of rocks in units 28 and 
29 assigned to the Owl Rock Member in 
Rincon section A must correspond to 
part of unit 2, Church Rock Member, 
Rincon section B. The color break at the 
top of unit 1 (Rincon section B) , how
ever, appears to be the best tie between 
the two sections and is used to deter
mine the thickness of the Chinle Forma-
tion in the area. 

Base of section; not base of exposure. 

U-39. TAYLOR CANYON 
Measured on southwest-facing spur at prominent tributary 

on north side of Taylor Canyon,· 1.8 miles upstream from 
mouth of Taylor Canyon wash; line of section about N. 
10° E., long 109°58'20" W., lat 38°28'55" N., San Juan 
County 

[Measured by J. H. Stewart, November 1953] 

Top of section; top of accessible exposure. Top of Feet 

section is about N. 63° E. of junction of Taylor 
Canyon wash and the Green River. 

Wingate Sandstone: 
25. Sandstone, light brown (5YR 6/4), 

weathering same color, very fine 
grained, well sorted; composed of 
subrounded amber quartz and sparse 
black accessory mineral; poorly 
cemented, slightly calcareous; com
posed of thin trough sets of low
angle medium-scale cross-laminae; 
massive splitting; weathers to form 
vertical cliff. Only basal 6 ft of unit 
examined. Basal 0.3 ft · is yellowish 
gray (5Y 8/1). Basal 0.1 ft con
tains sparse rounded frosted clean 
quartz and sparse medium to coarse 
amber quartz grains .................... Unmeasured 

Contact between Wingate Sandstone and Chinle 
Formation placed at color change from reds and 
purples of the Chinle to light brown of the Win
gate. Contact is at change from sandstone below 
containing pebbles and composed of stream type 
cross-strata to sandstone above containing no 
pebbles and composed of eolian type cross-strata. 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
24. Sandstone, grayish red (5R 4/2), pale 

reddish brown (lOR 5/4), pale red 
purple (5RP 6/2) and light greenish 
gray (5GY 8/1), weathering gray
ish red (5R 4/2), very fine grained, 
fair sorted; composed of subangular 
clear quartz and milky mineral and 
sparse orange accessory mineral, un
common coarse-grained accessory 
white and dark mica; horizontally 
laminated, and common thin trough 
sets of low-angle medium-scale cross
laminae; weathers to form vertical 
cliff continuous with that of over
lying Wingate Sandstone. Lower 2 
ft of unit contains common conglom
eratic sandstone with granules to 
pebbles of light-brown-weathering 
siltstone. A thin set in the middle of 
the unit contains common to abun
dant flakes and pebbles of grayish-
red-purple ( 5RP 4/2) siltstone .......... 9.8 

23. Sandy siltstone to sandstone, pale red 
(lOR 6/2) to pale reddish brown 
(lOR 5/4), weathering same colors, 
very fine grained, firmly cemented, 
noncalcareous; ripple laminated, 
sparse pseudo cross-laminae, common 
horizontal laminae to thin beds; 
weathers to form slope containing 
several small ledges. Bottom 8 ft of 
unit is very poorly exposed but con
tains sparse outcrops of siltstone to 
sandy siltstone similar to the rest of 
the unit ..................................... :............ 25.0 



STRATIGRAPHIC SECTIONS- UTAH 

Chinle Formation-Continued 
Church Rock Member-Continued 

Hite Bed-Continued 
22. Sandstone and siltstone to claystone. 

Sandstone, pale red (lOR 6/2) and 
yellowish gray (5Y 8/1), weathering 
pale reddish brown (lOR 5/4), very 
fine grained; firmly cemented, calcar
eous; composed of thin trough sets 
of low-angle medium-scale cross-lami
nae, horizontal laminae, and ripple 
laminae; about 50 percent of the 
sandstone contains common to abun
dant rounded medium to coarse frosted 
grains of quartz. Siltstone to clay
stone, grayish red (lOR 4/2), weath
ering same color; firmly cemented, 
noncalcareous; stratification con
cealed. Siltstone to claystone is pres
ent from 6.9 to 8.5 ft, and rest of 
unit is sandstone. Unit weathers to 
form ledge. Basal strata of unit fill 
scours cut into underlying unit ....... . 

Total of Hite Bed ........................... . 

21. Siltstone, light brown (5YR 6/4) and 
pale reddish brown (lOR 5/4), 
sparse light-greenish-gray (5GY 8/1) 
spots, weathering same colors; well 
cemented, noncalcareous; structure
less and thick to very thick hori
zontally bedded; common horizontal 
laminae; weathers to form vertical 
cliff near top of Chinle Formation. 
Unit contains common irregular tubu
lar structures about % in. in diam
eter that may be worm borings. From 
about 47 to 50 ft, unit contains sparse 
(2 percent) subangular medium to 
coarse grains of gray quartz ( ?) ....... . 

20. Siltstone, light brown (5YR 6/4), com
mon pale reddish brown (lOR 5/4), 
sparse light greenish gray (5GY 8/1), 
weathering pale reddish brown (lOR 
5/4), sandy (very fine grained); 
firmly cemented, calcareous; horizon
tally and ripple laminated; weathers 
to form small ledge. Unit contains 
sparse rounded coarse grains of gray 
and minor orange and green mate
rial, possibly siltstone or limestone. 
Unit contains sparse flakes of gray-
ish-red (lOR 4/2) siltstone ............... . 

19. Siltstone, light brown (5YR 6/4) to 
moderate brown (5YR 4/4), weath
ering pale reddish brown (lOR 5/4)., 
sandy (very fine grained) ; poorly 
cemented, calcareous; structureless, 
sparse horizontal laminae; fractures 
into angular fragments; weathers to 
form slope ............................................. . 

18. Siltstone, grayish red (lOR 4/2) and 
pale reddish brown (lOR 5/4), weath
ering grayish red ( 5R 4/2) ; firmly 

Feet 

12.0 

46.8 

61.0 

1.6 

48.1 

Chinle Formation-Continued 
Church Rock Member-Continued 

cemented, calcareous; structureless; 
weathers to form slope. Differentiated 
from underlying unit by lack of silty 
sandstone to sandy siltstone sets and 
from overlying unit by color change 

17. Siltstone to clayey siltstone ( 90 per
cent) and sandy siltstone to silty 
sandstone (10 percent). Siltstone to 
clayey siltstone, pale reddish brown 
(lOR 5/4) to dark reddish brown 
(lOR 3/4), weathering same colors; 
firmly cemented, slightly calcareous; 
structureless. Sandy siltstone to silty 
sandstone, pale red (lOR 6/2) and 
pale reddish brown (lOR 5/4), weath
ering pale brown (5YR 5/2), very 
fine grained; uncommon very fine 
grained accessory white mica; well 
cemented, calcareous; ripple lami
nated, sparse small-scale cross-lami
nae. Sandy siltstone to silty sandstone 
is present as thin to very thin sets 
interstratified with the rest of the 
unit ......................................................... . 

16. Silty sandstone (70 percent) and silt
stone (30 percent). Silty sandstone, 
pale red (lOR 6/2), weathering pale 
red ( 5R 6/2), very fine grained; un
common fine-grained accessory white 
mica; well cemented, calcareous; rip
ple laminated, sparse trough sets of 
small-scale cross-laminae, and sparse 
horizontal laminae. Silty sandstone is 
present as thin to very thick sets 
interstratified with siltstone. Silt
stone, grayish red (lOR 4/2), weath
ering pale reddish brown (lOR 5/4), 
uncommon very fine grained acces
sory white mica; firmly cemented, 
calcareous; horizontally laminated, 
ripple laminated, and structureless. 
Unit as whole weathers to form slope 
containing ledges developed on silty 
sandstone sets ..................................... . 

So-called Black Ledge: 
15. Sandstone, pale red (lOR 6/2), weath

ering grayish red (5R 4/2), very 
fine grained, well sorted; composed of 
subangular milky minerals and com
mon black accessory mineral, uncom
mon medium-grained white mica; 
firmly cemented, calcareous; com
posed of thick trough sets of medium
scale cross-laminae and minor very 
thin horizontal beds; top 8 ft domi
nantly ripple laminated; weathers to 
form vertical cliff that is most promi
nent ledge in middle of Chinle. Top 
of unit arbitrarily placed at base of 
a siltstone set of overlying unit ....... . 

14. Sandstone to conglomerate, medium 
light gray (N 6) and greenish gray 
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11.7 

32.1 

36.3 
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Chinle Formation-Continued 
Church Rock Member-Continued 

So-called Black Ledge-Continued 
( 5GY 6/1), weathering olive gray 
(5Y 4/1), composed of rounded me
dium grains to pebbles in a dense 
lime matrix; well cemented;' struc
tureless and common thin trough sets 
of small-scale low-angle cross-lami
nae; weathers to form vertical cliff 
continuous with that of overlying 
unit. Unit intertongues and inter
grades with overlying unit ----------------

Total of so-called Black Ledge _____ _ 

Total of Church Rock Member _____ _ 

Owl Rock Member: 
13. Sandstone to sandy siltstone (50 per

cent) and siltstone (50 percent). 
Sandstone to sandy siltstone, grayish 
yellow green (5GY 7 /2) and greenish 
gray (5GY 6/1), weathering same 
colors, very fine to fine grained, fair 
sorted; composed of subangular milky 
and green mineral, green mineral 
possibly clay, uncommon medium- to 
coarse-grained accessory white mica; 
poorly cemented, calcareous; horizon
tally and ripple laminated. Contains 
common carbonaceous material. Silt
stone, same colors as rest of unit; 
firmly cemented, slightly calcareous; 
structureless. Sandstone to sandy silt
stone is present as very thin to thick 
sets interstratified with rest of unit. 
Top 4 ft of unit poorly exposed _______ _ 

12. Limestone, grayish yellow (5Y 8/4) and 
light gray (N 7), weathering yellow
ish gray (5Y 8/1), aphanitic; well 
indurated; composed of indistinct thin 
to very thin horizontal beds; weath
ers to form ledge. Top 1 ft contains 
dark-gray (N 3) chert masses as 
large as 3 in. in diameter. Middle of 
unit contains thin lens of greenish 
siltstone away from line of section ___ _ 

Total of Owl Rock Member _____________ _ 

Petrified Forest Member: 
11. Silty sandstone to clayey siltstone, gray

ish red (lOR 4/2 and sparse 5R 4/2), 
minor greenish gray (5GY 6/1) from 
0.0 to 11.0 ft and from 34.0 to 37.3 
ft above base of unit, weathering 
grayish red ( 5R 4/2), and minor 
light greenish gray (5GY 8/1), very 
fine grained; firmly cemented, calcar
eous; stratification mostly concealed, 
where exposed is ripple laminated; 
weathers to form slope. Some parts 
of unit are very clayey and may 
grade to silty claystone. These clayey 
parts contain swelling clay. Unit con-

Feet 

8.2 

36.7 

274.3 

16.4 

4.8 

21.2 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

tains a limy siltstone lens at 36.0 ft. 
Top 2 ft of unit contains limestone 
nodules ----------------------------------------------------

10. Mostly covered. A few exposures sug-
gest that most of unit is sandstone. 
Sandstone, pale olive (5Y 6/2), fine 
to medium grained, fair sorted; com
posed of subangular milky mineral 
and abundant orange, green, and 
gray accessory mineral; stratification 
concealed. Unit as whole weathers to 
form rubble-covered slope ------------------

9. Sandstone (90 percent) and conglom
eratic sandstone (10 percent). Sand
stone, yellowish gray (5Y 8/1) and 
minor dusky yellow (5Y 6/4) and 
pale olive (lOY 6/2), weathering yel
lowish gray (5Y 8/1) and to a lesser 
extent light greenish gray (5GY 8/1), 
very fine to medium grained, fair 
sorted; composed of subangular milky 
mineral and minor clear quartz, com
mon orange and green accessory min
eral, sparse coarse-grained accessory 
white and dark mica; firmly cemented, 
calcareous; stratification poorly ex
posed but probably_ mostly thin to 
thick trough sets of low-angle small
to medium-scale cross-laminae. Con
glomeratic sandstone, similar to sand
stone except contains pebbles, some 
granules, and sparse cobbles as large 
as 3 in. in diameter of dusky-yellow 
( 5 Y 6/4) siltstone and limestone. 
Rarely the conglomeratic sandstone 
grades to conglomerate containing 
about 60 percent granules and peb
bles. Unit weathers to form !edgy 
slope. Unit contains common carbo
naceous material ----------------------------------

8. Conglomerate, grayish yellow (5Y 8/4), 
weathering same color and yellowish 
gray (5Y 7/2); composed of sub
angular to. rounded siltstone and lime
stone granules, pebbles, and coarse to 
very coarse grains in an aphanitic to 
coarsely crystalline lime matrix; 
poorly cemented; generally structure
less with subordinate horizontal lami
nae and low-angle cross-laminae; 
weathers to form ledge. Bottom 1.5 ft 
is poorly exposed but appears to be 
mostly grayish-yellow (5Y 8/4) fine
grained sandstone with sparse gran
ules of limestone and siltstone. This 
sandstone contains thin sets of small
scale low-angle cross-laminae and 
common carbonaceous material ----------

7. Sandy siltstone, greenish gray (5GY 
6/1), weathering same color, sandy 
(very fine grained), poorly cemented, 

Feet 

42.2 

18.8 

16.5 

6.3 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

calcareous; stratification concealed; 
weathers to form slope. Basal 3 ft 
poorly exposed ..................................... . 

6. Limy sandstone, light greenish gray 
(5GY 8/1), weathering dark yellow
ish brown (10YR 4/2), grades from 
a very fine grained sandstone com
posed of subrounded quartz grains 
and interstitial calcite ( ?) to a me
dium- to coarse-grained sandstone 
composed of rounded limestone grains 
and interstitial calcite ( ?) ; well ce
mented; composed of thin planar sets 
of small-scale cross-laminae; weath
ers to form a ledge or, in some places, 
a slope. Limestone granule and peb
bles are common to abundant in a 
few parts of unit ................................. . 

6. Sandstone, light greenish gray (6GY 
8/1) and yellowish gray (5Y 8/1), 
weathering same colors, fine to me
dium grained, fair sorted; composed 
of angular to subangular clear quartz 
and milky mineral, common orange 
accessory mineral; poorly to firmly 
cemented, calcareous; composed of 
thin (sparse thick) planar and prob
ably trough sets of small-scale (minor 
medi urn-scale) cross-laminae; weath
ers to form bench containing several 
discontinuous ledges ........................... . 

4. Conglomeratic sandstones to conglom
erate, greenish g.ray (5GY 6/1) and 
light greenish gray (5GY 8/1), weath
ering dark yellowish brown (10YR 
4/2) ; composed of granules and sub
ordinate pebbles in medium- to coarse
grained sand matrix, interstices filled 
with calcite. Granules and pebbles 
constitute about 20 percent to 70 per
cent of the rock and consist mostly 
(95 percent) of siltstone; a few are 
sandstone, quartzite, or quartz. Sand 
matrix composed of subrounded milky 
quartz. Conglomeratic sandstone to 
conglomerate is well cemented, calcar
eous; stratification poorly developed 
but mostly composed of horizontal 
laminae to very thin beds and prob
ably thin planar sets of small-scale 
cross-laminae; weathers to form small 
ledge. Fifty feet to west of line of 
section, unit is separated from under
lying unit by a thick set of green 
siltstone ................................................. . 

Total of Petrified Forest Member .. 

Moss Back Member: 
3. Sandstone (95 percent) and siltstone 

(5 p'ercent). Sandstone, very pale 
orange (10YR 8/2) and subordinate 

Feet 

17.2 

6.0 

13.7 

4.9 

124.6 

Chinle Formation-Continued 
Moss Back Member-Continued 

yellowish gray (5Y 8/1) and light 
greenish gray (6GY 8/1), weathering 
light brown (5YR 6/4). Sandstone in 
bottom 14.7 ft is fine to medium 
grained (sparse coarse grains) well 
sorted; composed of subangular clear 
quartz and sparse black accessory 
mineral; poorly cemented, calcare
ous; composed of very thick trough 
sets of medium-scale cross-laminae. 
Sandstone in top 12.0 ft is very fine to 
fine grained, fair sorted; composition 
not determinable, common coarse
grained accessory white mica, inter
stitial spaces filled by white material, 
probably clay; firmly to well cemented, 
calcareous; composed of thin trough 
sets of small-scale and minor medium
scale cross-laminae. Siltstone, green
ish gray (5GY 6/1), weathering same 
color, firmly cemented, noncalcareous; 
structureless and horizontally lami
nated. Siltstone is present as thin to 
thick lenses interstratified with sand
stone in top 12.0 ft of unit. Percent 
of siltstone varies considerably along 
outcrop. About 500 ft to east of line 
of section, unit forms massive cliff 
containing little or no siltstone. Sand
stone contains a few scattered peb
bles of chert and quartzite. Siltstone 
contains carbonaceous material. Unit 
as whole tabular and weathers to 
form vertical cliff ................................. . 

2. Sandstone (50 percent) and siltstone 
(50 percent). Sandstone, yellowish 
gray (5Y 8/1) and subordinate green
ish gray (5GY 6/1), weathering very 
pale orange (10YR 8/2), very fine to 
fine grained, fair sorted; composed of 
clear quartz and common orange and 
black accessory mineral, common fine
grained accessory white mica; well 
cemented, calcareous; horizontally 
and ripple laminated. Sandstone is 
present as a thick set in the middle 
of the unit and as very thin to thin 
sets interstratified with siltstone in 
the rest of the unit. Siltstone, green
ish gray (5GY 6/1), weathering light 
greenish gray (5GY 8/1), common 
fine-grained accessory white mica; 
firmly cemented, slightly calcareous; 
horizontally laminated. Unit as whole 
weathers to form vertical cliff. Both 
the sandstone and the siltstone con
tain common carbonaceous material. 
Unit is placed in the Chinle Forma
tion because the sandstone is similar 
to other sandstone layers in the 
Chinle, because the unit contains car-
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Chinle Formation-Continued Feet Chinle Formation-Continued 
Moss Back Member-Continued 

bonaceous material, and because lat-
eral to the line of section the unit 
contains siliceous ·pebbles at its base 

Total of Moss Back Member ......... . 

Total of Chinle Formation ............. . 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), gray

ish yellow (5Y 8/4) and subordinate 
greenish gray (5GY 6/1), weathering 
same colors; common to abundant 
very fine grained accessory white 
mica; well cemented, calcareous; hori
zontally laminated to thinly bedded, 
weathers to form rubble-covered slope 
with vertical cliff in top part. Com
mon cubes probably of limonite pseu
domorphic after pyrite. Cubes are the 
size of coarse grains and are found 
only in yellowish and gray part of 

9.6 

36.3 

456.4 

rock .................................................... Unmeasured 
Base of section; base of exposure. 

U-40. CLIFF CREEK 
Measured in first major reentrant nm·theast of Cliff Creek 

water gap. Line of section trends N. 42° W. through sees. 
15 and 16, T. 5 S., R. 24 E., SLM, Uintah County 

[Measured by F. G. Poole and C. Koteff, August 1956] 

Top of section; not top of exposure. Section ends in Feet 

lower part of Glen Canyon Sandstone. 
Glen Canyon Sandstone: 

22. Sandstone, very pale orange (lOYR 
8/2), grayish yellow (5Y 8/4), and 
yellowish gray (5Y 8/1), pale-red
dish-brown (lOR 5/4) mottling and 
streaks, weathering same colors and 
lighter shades; very fine grained, 
silty, well sorted; composed of sub
rounded to well-rounded clear quartz 
grains and common to sparse feldspar 
and black accessory mineral; firmly 
to poorly cemented, calcareous. Lower 
25 ft of Glen Canyon Sandstone is 
horizontally thinly laminated to very 
thick bedded; laminae are wavy and 
may grade into ripples. Unit weath
ers to form vertical cliff. Most of 
Glen Canyon Sandstone is cross strati
fied and contains medium- and large
scale planar and subordinate trough 
sets of high-angle cross-laminae to 
thin cross beds .................................. Unmeasured 

Chinle Formation: 
Upper member: 

21. Silty claystone, grayish red (lOR 4/2) 
and minor greenish gray (5GY 6/1), 
weathers grayish red (5R 4/2), pale 
red (5R 6/2) and minor light green
ish gray ( 5GY 8/1) ; firmly cemented, 
noncalcareous to slightly calcareous; 
structureless and . poorly bedded. A 
siltstone bed about 2 in. thick was 

Upper member-Continued 
noted in lower part of unit. This bed 
is light greenish gray (5G 8/1) cal
careous siltstone to very fine sand
stone. Unit as whole weathers to 
smooth gentle slope. Upper contact 
is sharp ................................................. . 

20. Siltstone, light brown (5YR 6/4), pale 
reddish brown (lOR 5/4), dark red
dish brown (lOR 3/4), pale red (lOR 
6/2), and minor light greenish gray 
(5GY 8/1 and 5G 8/1), weathering 
same colors and lighter shades. A 
resistant ledge 26 ft above base of 
unit is a well-cemented (slightly cal
careous) coarse siltstone containing 
sparse very fine grains of clear and 
amber-stained quartz. It contain.s low
index ripple laminae, small-scale 
trough sets of cross-laminae, mud 
cracks, and mudstone chips. The rest 
of unit is chiefly noncalcareous struc
tureless siltstone that breaks into 
sharp angular fragments. Unit weath
ers to form steep rubble-covered slope 
except for the slabby resistant ledge 
26 ft above base ................................... . 

19. Sandstone, light brown (5YR 6/4), 
moderate orange pink (5YR 8/4) and 
pinkish gray (5YR 8/1), weathering 
same colors and grayish orange pink 
(5YR 7/2) and yellowish gray (5Y 
7 /2), very fine to fine grained, silty, 
well sorted; composed of rounded to 
well-rounded clear and amber-stained 
quartz grains and common feldspar 
and black accessory mineral; firmly 
to poorly cemented, very calcareous; 
very thin bedded to thin bedded. Up
per part of unit consists of trough 
and planar sets of medium- and small
scale cross-laminae. Unit weathers to 
form slabby ledge and prominent dip 
slope. Unit is lenticular and pinches 
out a short distance laterally; similar 
sandstone ledges occur at various hori-
zons above unit ..................................... . 

Total of upper member ................... . 

Red siltstone member: 
18. Sandstone to siltstone (90 percent) and 

limy siltstone-pebble conglomerate 
(10 percent). Sandstone to siltstone, 
moderate reddish brown (lOR 4/6), 
pale reddish brown (lOR 5/4), mod
erate brown (5YR 4/4), light brown 
(5YR 6/4), and subordinate light 
greenish gray (5G 8/1 and 5GY 8/1), 
weathe'l'ing moderate brown ( 5YR 
4/4), moderate reddish brown (lOR 
4/6), and minor pale yellowish brown 
(lOYR 6/2). Sandstone is very fine 

Feet 

15.3 

40.8 

2.6 

58.7 
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Chinle Formation-Continued 
Red siltstone member-Continued 

to coarse grained, fair to well sorted; 
composed of rounded to well-rounded 
clear, milky, smoky, and amber
stained quartz grains, and uncommon 
to sparse red and black accessory 
minerals; firmly to well cemented, 
very calcareous; very silty; contains 
mudstone chips. The sandstone in 
some places grades laterally and ver
tically into siltstone and in other 
places into limy siltstone pebble con
glomerate. The siltstone in unit is for 
the most part coarse textured. Abun
dant rounded and well-rounded clear, 
milky, smoky, and amber-stained 
quartz grains of medium sand occur 
in the siltstone and in very fine grained 
sandstone in the unit. Conglomerate, 
light greenish gray (5GY 8/1 and 
5G 8/1), weathering same colors and 
light brown (5YR 6/4); composed of 
rounded to well-rounded limy silt
stone granules and pebbles as much 
as 7 mm in diameter, fair sorted; 
siltstone matrix with abundant clear, 
milky, smoky, and amber-stained 
quartz grains and uncommon to sparse 
red, black, and white accessory min
erals; firmly to well cemented, very 
calcareous. Conglomerate occurs in 
basal few feet of unit. Quartz and 
accessory mineral grains in conglom
erate are as large as very coarse in 
size. Unit is laminated to thin bedded 
and contains minor ripple lamina
tions and small-scale sets of cross
strata; it is platy to slabby splitting. 
Unit as a whole weathers to form 
resistant ledges ..................................... . 

17. Siltstone (80 percent) and siltstone 
pebble conglomerate (20 percent). 
Siltstone, pale red (lOR 6/2 and 5R 
6/2) and pale red purple (5RP 6/2), 
minor mottling and stringers of light 
greenish gray (5G 8/1 and 5GY 
8/1) and dark reddish brown (lOR 
3/4), weathering same colors and 
lighter shades; contains scattered 
subrounded to rounded grains and 
granules of material from under
lying units and common crystalline 
calcite; well cemented, calcareous; 
(unit appears to be lenticular) struc
tureless and very thick bedded. Upper 
part of unit contains numerous verti
cal cylindrical structures as much as 
4 in. in diameter and as much as 8 
ft in length; some of these structures 
are slightly sinuous. The upper part 
of the unit weathers to form a ver
tical cliff with a smooth knobby 

Feet Chinle Formation-Continued 
Red siltstone member-Continued 

surface. The upper few feet of unit 
contains grayish-red (lOR 4/2) silty 
claystone seams along fractures. Silt
stone pebble conglomerate, light 
greenish gray (5GY 8/1 and 5G 8/1), 
minor pale-reddish-brown (lOR 5/4) 
mottling, weathering same colors; 
limy siltstone 'matrix; coarse fraction 
varies from sand to small pebbles as 
much as 17 mm in diameter; com
posed of rounded to well-rounded 
fragments of limy siltstone and silty 
claystone derived from underlying 
units. Conglomerate is present in 
lower 13 ft of unit and is best devel
oped at and near base of unit. Con
glomerate is lenticular and grades 
laterally and vertically into siltstone 
of unit. Conglomerate is firmly to 
poorly cemented, very calcareous, and 
laminated to thin bedded near base; 
it contains sparse bone fragments. 
Lower part of unit is less resistant 
than upper part and forms a steep 
slope ....................................................... . 

Total of red siltstone member ....... . 

Ocher siltstone member: 
16. Siltstone to silty claystone, dark yellow

ish orange (lOYR 6/6), moderate 
yellowish brown (lOYR 5/4), minor 
light-greenish-gray (5GY 8/1) and 
yellowish-gray (5Y 8/1) mottling, 
minor moderate brown (5YR 4/4) at 
top of unit, weathering same colors; 
abundant secondary oolites on sur
face and along . fractures, goethite; 
firmly to well cemented, very calcar-

10.2 eous; structureless; numerous limy 
concretions in a zone at top of lower 
third of unit; breaks into small angu
lar and rounded fragments; weathers 
to form a smooth deeply weathered 
slope ....................................................... . 

15. Silty claystone, dark reddish brown 
(lOR 3/4), grayish red purple (5RP 
4/2), minor light-greenish-gray (5GY 
8/1) mottling, weathers same colors 
and lighter shades; poorly cemented, 
slightly calcareous to noncalcareous; 
weathers to form smooth gentle slope. 
Unit as a whole appears as a purple 
and red band below ocher of unit 
above ....................................................... . 

Total of ocher siltstone member ... . 

Mottled member: 
14. Sandstone to siltstone (50 percent) and 

silty claystone (50 percent). Sand
stone to siltstone, white (N 9) to 
light gray (N 7), dusky blue (5PB 
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Chinle Formation-Continued 
Mottled member-Continued 

3/2), and blackish red (5R 2/2), iron 
stained, weathering same colors and 
lighter shades. Sandstone is very fine 
to very coarse grained and contains 
a few granules and small pebbles. 
It is fair to poorly sorted; composed 
of subrounded to rounded clear, 
milky, and smoky quartz, and uncom
mon to sparse feldspar ·and rose 
quartz, some white mica; well to 
poorly cemented, calcareous. Sand
stone layers are lenticular and form 
resistant ledges when well cemented 
and smooth, sandy and frothy· sur
face when poorly cemented. Very thin 
bedded chert layers were noted just 
above base of unit. The chert beds 
contain thin wavy laminae of various 
colors ·········································-------·--··· 

13. Sandstone to conglomeratic sandstone, 
white (N 9), with pale-red-purple 
(5RP 6/2) and grayish-red-purple 
( 5RP 4/2) mottling; medium to very 
coarse grained sandstone containing 
granules and pebbles in lenses and as 
scattered clasts fair to poorly sorted; 
composed of subangular to rounded 
clear and milky quartz grains and 
uncommon feldspar and white mica, 
sparse pink and dark-gray accessory 
minerals; firmly to poorly cemented, 
calcareous. Granules and pebbles are 
subrounded to rounded and composed 
of milky, smoky, or rose quartz or 
varicolored chert. Unit is lenticular 
and appears to pinch out along strike. 
Unit weathers to a smooth sandy and 
pebbly slope ··---···-··------···········---·-··---··---· 

12. Siltstone, mottled dusky blue ( 5P B 
3/2), grayish red purple ( 5RP 4/2), 
grayish purple (5P 4/2), dark yel
lowish orange (10YR 6/6), moderate 
yellowish brown (lOYR 5/4), and 
yellowish gray (5Y 8/1), weathers 
same colors and lighter shades; 
sandy; firmly cemented, noncalcar
eous to slightly calcareous; structure
less, breaks into angular fragments. 
Unit weathers to form a smooth 
gentle slope. A 3-in. bed of medium
grained sandstone is present 2 ft 
above base of unit. Sandstone is 
white and composed of subangular 
to rounded clear and smoky quartz 
grains and sparse red and black 
accessory minerals. Pebbles are as 
much as 2% in. in diameter ............... . 

11. Sandstone, very fine grained, to coarse 
siltstone, white (N 9), very light 
gray (N 8), pinkish gray (5YR 8/1), 
light brownish gray (5YR 6/1), pale 

Feet 

16.4 

5.2 

7.7 

Chinle Formation-Continued 
Mottled member-Continued 

red purple (5RP 6/2), grayish 
orange (lOYR 7/4), grayish red 
(lOR 4/2), and pale reddish brown 
(lOR 5/4), mottled and color banded, 
weathering same colors and lighter 
shades; fair to well sorted ; com
posed of subrounded and rounded 
clear and milky quartz, common to 
sparse medium- and coarse-grained 
white mica, and sparse feldspar; 
firmly to well cemented, calcareous. 
Lower half of unit is composed of 
trough and planar sets of medium
and small-scale cross-laminae to very 
thin crossbeds. Upper half of unit 
appears to be structureless. Unit as 
whole weathers to form resistant 
ledge and dip slope and ·is the most 
prominent ridge in section -·-·--·-·--··· 

10. Siltstone, mottled very dusky red (lOR 
2/2), grayish red purple (5RP 4/2), 
yellowish gray (5Y 8/1), moderate 
yellowish brown (lOYR 5/4), dark 
yellowish orange (lOYR 6/6), pale 
yellowish orange (lOYR 8/6), pale 
red purple (5RP 6/2), dusky blue 
(5PB 3/2), and light greenish gray 
(5GY 8/1), weathers same colors 
and lighter shades, firmly to well ce-
mented, calcareous to slightly calcar-
eous; irregularly bedded; weathers 
to form smooth slope. Unit may be 
a weathered zone (regolith) at the 
top of the Moenkopi Formation --·--· 

Total of mottled member ·-----------·-·· 

Total of Chinle Formation ·--------·-· 

Section offset 200 ft N. 45° E. on top of Moenkopi 
Formation. 

Unconformity. 
Moenkopi Formation (incomplete) : 

9. Siltstone (50 percent) and claystone 
(50 percent), grayish red (lOR 4/2), 
dark reddish brown (lOR 3/4), and 
minor greenish gray ( 5GY 6/1) ; 
firmly cemented, calcareous; thinly 
laminated to very ·thin bedded; pa
pery and shaly splitting. Unit as a 
whole weathers to form steep smooth 
slope that is darker red than under-

Feet 

10.2 

10.1 

49.6 

211.8 

lying unit --····-·---·--·--·------···-·--·--------····-- 38.4 
Total of incomplete Moenkopi 

Formation ·-------------------················ 38.4 
Base of section; not base of exposure. 

Units 1-8 described in Stewart, Poole, and Wil
son (1972). 

U-41. VERNAL (BRUSH CREEK) 

Units 11-17 measured about 1 mile west of old Vernal-Manila 
highway (Utah 44); units 18-28 measured from 200 to 500 
ft east of Vernal-Manila highway where the old highway 
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crosses the upper pa1·t of the Chinle Fo1·mation. Sec. 5, T. 
9 S., R. 22 E., SLM, Uintah County 

[Measured by J. H. Stewart and R. F. Wilson, October 1955; revised by 
F. G. Poole, 1956] 

Top of section; not top of exposure. Top of section Feet 

is about 1,000 ft S. 47° W. of bridge across Brush 
Creek on old Vernal-Manila highway and is about 
500 ft east of Vernal-Manila road. 

Glen Canyon Sandstone (incomplete) : 
28. Sandstone, very pale orange (lOYR 

8/2), weathering same color, fine to 
medium grained, well sorted; com-
posed of rounded clear and milky 
quartz and sparse feldspar and 
black and orange accessory minerals; 
poorly cemented, noncalcareous; com-
posed of thick to very thick planar 
sets from 5 to 30 ft thick of high-
angle large-scale cross-laminae; 
weathers to form vertical cliff .. Unmeasured 

27. Sandstone, light brown (5YR 6/4), 
minor yellowish gray (5Y 8/1), and 
sparse pale reddish brown (lOR 
5/4), weathering same colors, very 
fine to fine grained, sparse medium 
grains, well sorted; composed of sub
rounded clear quartz and sparse feld
spar; poorly cemented, calcareous; 
horizontally laminated with minor 
wavy laminae having amplitude of 
% in.; weathers to form reentrant 
in cliff and locally forms rubble-cov-
ered slope .............................................. 16.2 

26. Sandstone, light brown (5YR 6/4) and 
minor very pale orange (lOYR 8/2), 
weathering same colors, very fine to 
fine grained, well sorted; composed of 
subrounded to rounded clear (minor 
reddish-stained) quartz, minor feld
spar, and accessory black ilmenite ( ?) ; 
firmly cemented, slightly calcare
ous in part; composed of thin to 
minor thick wedge-shaped planar 
sets of small- to medium-scale low
angle . (sparse high-angle) cross
laminae; minor horizontal laminae to 
very thin beds. Unit contains com
mon calcareous sand concretions up 
to 1 in. in diameter. Unit weathers 
to form vertical cliff ............................ 64.8 

Total of incomplete Glen Canyon 
Sandstone ...................................... 81.0 

Chinle Formation: 
Upper member: 

25. Mostly covered, one thin ledge of hori
zontally laminated sandstone similar 
to that in underlying unit is present 
in middle of unit. Exposure in top 
foot of unit is siltstone similar to 
that in unit 23. Top of Chinle For
mation placed at top of highest silt
stone. Some units in top part of 

Chinle Formation-Continued 
Upper member-Continued 

Chinle are lithologically similar to 
rocks in the basal part of the Glen 
Canyon Sandstone ............................. . 

24. Sandstone, grayish orange (lOYR 7 /4), 
weathering same color, very fine to 
fine grained, well sorted; composed of 
subrounded clear (minor reddish
stained) quartz, sparse feldspar, 
and black accessory ilmenite ( ?) ; 
poorly cemented, slightly calcareous; 
horizontally laminated and thin 
wedge-shaped planar sets of small
to medium-scale cross-laminae. 
Weathers to form a ledge ................... . 

23. Silty claystone to siltstone, grayish red 
(lOR 4/2 and 5R 4/2), weathering 
same colors; firmly cemented, noncal
careous, clay binding; stratification 
concealed. Top 5 ft of unit mostly 
covered. Unit contains sparse 
grayish-red (5R 4/2) silty sandstone 
in top half. This sandstone is poor
ly sorted with particles ranging in 
size from silt to medium sand and 
composed of clear quartz and sparse 
orange accessory mineral. Unit 
weathers to form rubble-covered 
slope ....................................................... . 

22. Sandstone, yellowish gray (5Y 8/1), 
weathering same color, very fine 
grained, well sorted; composed of 
subrounded clear and milky quartz, 
sparse feldspar, and black. and 
orange accessory minerals; firmly 
cemented, calcareous; horizontally 
thinly laminated and minor ripple 
laminae; weathers to form ledge .... 

21. Siltstone, grayish red (5R 4/2 and 
lOR 4/2), weathering same colors; 
firmly to well cemented, noncalcar
eous; structure less; weathers to form 
slope. Poorly exposed in part ........... . 

20. Sandstone, very pale orange (lOYR 
8/2) and sparse light greenish gray 
( 5GY 8/1), weathering grayish 
orange (lOYR 7 /4), very fine grained, 
well sorted; composed of sub
rounded clear quartz, sparse feld
spar and black accessory minerals; 
firmly cemented, calcareous; hori
zontally laminated to very thin bed-
ded; weathers to form ledge ........... . 

19. Mostly covered, poor exposures indi
cate unit to be mostly pale-reddish
brown (lOR 5/4) and light-brown 
(5YR 6/4) very fine grained sand
stone composed of subrounded clear 
quartz and rare black accessory 
mineral. Sandstone appear.s to be 
horizontally laminated. Unit weath
ers to form rubble-covered slope .... 
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Feet 

11.4 

17.8 

20.6 

4.2 

3.0 

16.2 

7.4 
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Chinle Formation-Continued 
Upper member-Continued 

18. Sandstone, grayish orange (10YR 
7 I 4) , weathering same color, fine to 
medium grained, fair sorted; com
posed of subrounded to rounded 
frosted quartz grains, common black 
accessory mineral, and sparse feld
spar; poorly cemented, calcareous; 
horizontally laminated in lower 4 ft 
and composed of thin to thick 
wedge-shaped planar sets of small- to 
medium-scale cross-laminae in upper 
part. Sparse "berries" of medium to 
coarse grains. Unit weathers to form 
ledge and, locally, a dip slope. This 
unit is lithologically similar to the 
Glen Canyon Sandstone ----------------------

Section offset on top of unit 17. Overlying 
units measured at point about 1,500 ft 

· S. 55° E. of place where underlying units 
were measured. Unit 18 measured to 
northwest-facing p1·omontory about 2,000 
ft N. 85° W. of bridge across Brush Creek 
on old V e1·nal-M anila road. 

17. Sandstone, light brown (5YR 6/4) and 
minor light greenish gray ( 5GY 
8/1), weathering same colors, very 
fine grained, well sorted; composed 
of subangular to subrounded clear 
quartz, sparse feldspar, and orange 
and black accessory minerals; firm
ly cemented, slightly calcareous; 
horizontally laminated, minor ripple 
laminae, horizontal laminae are 
slightly wavy with amplitude of 
about 1fs in.; weathers to form verti
cal cliff. Unit from 7.9 to 15.7 ft 
above base contains about 80 per
cent grayish-red (lOR 4/2) siltstone 
which occurs in very thin to thick 
horizontal beds interstratified with 
sandstone. All gradations from silt
stone to sandstone are present in this 
part of unit. The siltstone weathers 
to form recess in cliff face -·--------------

Total upper member -----------------------

Ocher siltstone member: 
16. Siltstone, grayish red (5R 4/2) and 

sparse moderate yellowish brown 
(lOYR 5/4), weathering same colors; 
firmly cemented, noncalcareous; 
structureless; weathers to form steep 
slope --------------------------------------------------------

15. Siltstone to clayey siltstone, dark yel
lowish orange (lOYR 6/6) to mod
erate yellowish brown (10YR 5/4), 
weathering same colors; firmly ce
mented, slightly calcareous, clay 
binding; structureless. Lower % of 
unit contains abundant limestone 
nodules as large as 5 in. in diameter, 
and upper liz of unit contains com-

Feet 

16.2 

37.8 

134.6 

22.6 

Chinle Formation-Continued 
Ocher siltstone member-Continued 

mon secondary gypsum veinlets. 
Unit weathers to form steep slope. 
Unit forms conspicuous yellowish 
unit in middle of lower part of the 
Chinle ----------------------------------------------------

14. Clayey siltstone to silty claystone, 
grayish red purple (5RP 4/2), pale 
red (5R 6/2) in upper %, common 
moderate yellowish brown (lOYR 
5/4) in top % of unit and as mot
tling in rest of unit, contains minor 
amounts of rounded very fine grains 
in some parts (a few of these grains 
are reddish orange) ; poorly cement
ed, calcareous in parts, clay binding; 
structureless; weathers to form steep 
slope. Unit contains common lime
stone nodules averaging 1 in. in di
ameter. Unit contains one 2-in. bed 
of very fine grained sandstone ----------

Total of ocher siltstone member __ 

Mottled member: 
13. Sandstone, yellowish gray (5Y 8/1) 

and minor grayish purple (5P 4/2), 
weathering same colors, fine to me
dium grained with minor medium- to 
coarse-grained parts and sparse 
scattered very coarse grains, gran
ules, and pebbles, poorly to fair 
sorted; composed of subangular 
quartz and feldspar grains; poorly 
cemented, slightly calcareous in 
places and clay binding in other 
places; stratification concealed; 
weathers to form gentle slope. Unit 
contains a 4-ft bed of grayish-purple 
(5P 4/2) and moderate-yellowish
brown (10YR 5/4) structureless 
argillaceous sandy siltstone to clayey 
sandstone in top half of unit ------------

Total of mottled member -------------

Gartra Member: 
12. Sandstone (95 percent) to conglomer

ate (5 percent), very pale orange 
(lOYR 8/2), weathering same color. 
Sandstone, medium to very coarse 
grained, fair to poorly sorted; com
posed of subangular to angular 
milky quartz and feldspar and 
sparse accessory pink feldspar and 
black grains; sandstone grades to 
conglomerate and, in most places, 
is a continuous gradation from me
dium sand grains to pebble size. Con
glomerate, granules to pebbles are 
composed of white and pink quartz 
with minor chert and possibly quartz
ite; poorly ~\men ted, slightly cal
careous in parts. Unit consists of 
thin to thick lenticular trough and 

Feet 

48.6 

50.6 

121.8 

19.2 

19.2 
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Chinle Formation-Continued 
Gartl·a Member-Continued 

Unconformity. 

wedge-shaped planar sets of small
to medium-scale cross-laminae; 
weathers to form ledge. Base of unit 
is sharp and rests on pre-Chinle 
erosional surface; about 2,000 ft east 
of section line Gartra fills a channel 
cut 16 ft into the Moenkopi Forma-
tion ......................................................... . 

Total of Gartra Member ............... . 

Total of Chinle Formation 

Moenkopi Formation (incomplete) : 
11. Siltstone, moderate brown (5YR 4/4 

and 5YR 3/4) and minor light brown 
(6YR 6/4), weathering same colors; 
contains sparse very fine grained 
accessory white mica; firmly to well 
cemented, noncalcareous. Unit is bi
partite: the lower part is horizontal
ly laminated to very thick bedded, 
contains sparse cuspate ripple marks 
and a few trough sets of small-scale 
low-angle cross-laminae, and weath
ers to form a ledgy slope; whereas 
the upper part consists of structure
less finer grained siltstone and 
weathers to form steep slope. Unit as 
a whole weathers to form ledgy in
terval at top of Moenkopi and is 
darker brown than the rest of the 
Moenkopi ............................................. . 

Total of incomplete Moenkopi 
Formation ..................................... . 

Base of section; not base of exposure. 

Units 1-10 described in Stewart, Poole, and Wil
son (1972). 

U-43. CHIMNEY ROCK 

Feet 

64.8 

64.8 

340.4 

59.2 

59.2 

Measu·red on west side of minor promontory within large 
reentrant in cliff face 1to1·th of The Motorman, SE. cor. sec. 
80, T. 28 S., R. 6 E., and NE. co1·. sec. 6, T. 29 S., R. 6 E., 
SLM, Wayne County 

[Measured by J. H. Stewart, September 1952] 

Top of section; top of accessible exposure. Feet 

Wingate Sandstone: 
11. Sandstone, pale reddish brown (lOR 

5/4), weathering same color, very 
fine grained, fair sorted; sparse 
black accessory minerals; poorly to 
firmly cemented, calcareous; thin to 
thick medium-scale planar and 
trough sets of low-angle cross-lam
inae; massive splitting; weathers to 
form vertical cliff. Bottom 3 ft con
tains common well-rounded medium 
sand grains .................................... Unmeasured 

Chinle Formation: 
Owl Rock Member: 

10. Siltstone and limestone. Siltstone, from 

472-202 0 - 72 - 21 

Chinle Formation-Continued 
Owl Rock Member-Continued 

base to 75.1 ft above base is predomi
nantly light olive gray (5Y 6/1) and 
greenish gray (5GY 6/1), minor pale 
red (lOR 6/2), from 75.1 ft to upper 
contact is predominantly pale reddish 
brown (lOR 5/4), minor greenish 
gray (5GY 6/1), sparse grayish red 
purple (5RP 4/2) throughout unit, 
weathering greenish gray in lower 
part and pale reddish brown (lOR 
5/ 4) in upper part, in places siltstone 
contains very fine to fine sand, in some 
places siltstone grades to argillaceous 
sandstone; firmly cemented, argilla
ceous and calcareous; stratification 
concealed; massive splitting; frac
tures into granule-sized angular frag
ments. Limestone, greenish gray ( 5G 
6/1), weathering light greenish gray 
(5GY 8/1), lithographic, probably 
grades to limy siltstone; well ce
mented, calcareous; thin to thick 
horizontally bedded; slab by to blocky 
splitting. The unit forms a steep 
loose slope containing small ledges 
of limestone and siltstone. Siltstone 
from 0 to 18.4 ft above base of unit, 
limestone with sparse interbeds of 
siltstone from 18.4 to 23.8 ft, silt
stone from 23.8 to 27.4 ft, limestone 
from 27.4 to 28.6 ft, siltstone from 
28.6 to 55.4 ft, limestone from 55.4 
to 57.0 ft, siltstone from 57.'0 to 
114.6 ft, limestone from 114.6 to 
121.2 ft, siltstone from 121.2 to 
147.9 ft ................................................... . 

Total of Owl Rock Member ........... . 

Petrified Forest Member: 
9. Silty claystone to silty sandstone, pale 

red (lOR 6/2 and 5R 6/2), weather
ing same color, contains swelling 
clays in lower half, sand is very 
fine grained;· composition masked; 
firmly cemented, calcareous; strati
fication concealed; weathers to form 
rubble-covered slope. Unit is poorly 
exposed, and parts are covered. Unit 
forms pinkish band above so-called 
Capitol Reef bed. Top of unit is 
approximate upper boundary of 
strata containing swelling clays. The 
exact upper contact of the Petrified 
Forest Member, however, is obscured 
by talus debris ..................................... . 

So-called Capitol Reef bed: 
8. Sandstone, predominantly light green

ish gray ( 5GY 8/1), pale yellowish 
orange (lOYR 8/6), and grayish 
orange pink (lOR 8/2), weathering 
to grayish orange (lOYR 7/4), me-
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Feet 

147.9 

147.9 

18.4 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

So-called Capitol Reef bed-Continued 
dium grained, fair sorted; composed 
of subangular clear quartz and un
common orange and green accessory 
minerals; well cemented, calcareous; 
composed of thin to thick medium
scale trough sets of high-angle cross
laminae; platy to blocky splitting. A 
few thin sets of grayish-red-purple 
(5RP 4/2) fine-grained sandstone 
containing abundant claystone pellets 
occur in unit. A pale-red-purple (5RP 
6/2) and light-greenish-gray (5GY 
8/1) sandstone occurs locally at base 
of unit. This sandstone is fine grained, 
poorly cemented with a calcareous 
cement, and consists of thin medium
scale trough sets of low-angle cross
laminae. The overlying well-cemented 
sandstone fills channels cut into this 
basal sandstone. Unit as whole is 
tabular and weathers to form promi-
nent ledge ............................................... . 

Total of so-called Capitol Reef bed 

7. Limy siltstone, pale red purple (5RP 
6/2) and minor greenish gray (5GY 
6/1), weathering pale red purple 
(5RP 6/2) ; firmly cemented, calcar
eous; probably mostly very thick bed
ded but stratification poorly exposed; 
massive splitting; weathers to form 
vertical cliff below overlying unit. Unit 
contains thin beds of greenish-gray 
( 5GY 6/1) and light-brownish-gray 
(5YR 6/1) lithographic well-cemented 
limestone. Abundant interbeds of 
limestone occur from base to 13 ft 
above base of unit. Limestone beds 
are sparse elsewhere in unit ............. . 

6. Claystone in lower half, siltstone in 
upper half, grayish red (lOR 4/2) 
from base to 18.0 ft above base of 
unit, rest of unit pale reddish brown 
(lOR 5/4), weathering to pale red
dish brown (lOR 5/4) in lower part 
and moderate reddish orange (lOR 
6/6) in upper part, firmly cemented, 
argillaceous and calcareous; stratifi
cation concealed; massive splitting; 
weathers to form steep frothy slope. 
Contains common white granule
sized spherical spots. Lower 1 ft is a 
micaceous siltstone. Lower half of 
unit contains swelling clays; upper 
half does not ......................................... . 

5. Sandstone, predominantly grayish red 
purple (5RP 4/2), minor light, green
ish gray (5GY 8/1), weathering pale 
red purple (5RP 6/2), fine to medium 
grained, fine grained in top 5 ft, fair 

Feet 

19.2 

19.2 

24.3 

35.2 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

sorted; composed of subangular clear 
quartz and abundant orange, red, and 
green accessory minerals, abundant 
interstitial calcite, and sparse musco
vite and biotite flakes; poorly ce
mented, calcareous; composed of thin 
medium-scale trough sets of high
angle cross-laminae; blocky to mas
sive splitting; weathers to form slope 
containing small ledges. Conglomer
atic sandstone occurs locally at base. 
Small scours occur along lower con-
tact ................................ , ... : .................... . 

4. Claystone, grayish red (lOR 4/2), 
weathering same color, grades to silt
stone in places; firmly cemented, 
argillaceous and calcareous; stratifi
cation concealed; shaly to flaggy split
ting; weathers to form steep frothy 
slope. Sparse thin sets of ripple-lami
nated micaceous siltstone interstrati
fied with claystone. Sparse pyrite 
nodules. Grades into underlying unit. 
Top 1 ft of unit is mottled with 
greenish gray ( 5G 6/1) ....................... . 

Total of Petrified Forest Member 

Monitor Butte Member: 
3. Claystone to clayey sandstone and sand

stone. Claystone to clayey sandstone, 
predominantly greenish gray ( 5GY 
6/1), minor olive black (5Y 2/1), 
weathering to light greenish gray 
( 5GY 8/1), grades from claystone to 
clayey very fine to medium-grained 
sandstone; composed of subangular 
greenish-stained quartz and 2 to 3 
percent orange and green minerals; 
firmly cemented; stratification con
cealed; shaly splitting. Sandstone, 
grayish orange (lOYR 7 /4), light 
olive gray (5Y 6/1), and brownish 
gray (5YR 4/1), weathering to dark 
yellowish brown (lOYR 4/2), fine to 
very fine grained, fair sorted; com
posed of subangular clear quartz and 
common black accessory minerals; 
well cemented, calcareous and prob
ably partly siliceous; composed of 
very thin to very thick sets of hori
zontal and current-ripple laminae and 
minor high-angle trough sets of cross
laminae; platy to blocky splitting .. 
The sandstone occurs interbedded 
with the claystone and constitutes 
about 5 percent of the unit, and it 
is distributed irregularly throughout 
the unit. The sandstone commonly 
occurs in highly contorted sets which 
strike and dip in almost any conceiv
able attitude. The claystone is very 

Feet 

25.9 

19.7 

142.7 
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Chinle Formation-Continued 
Monitor Butte Member-Continued 

sandy and commonly grades to a very 
fine to fine-grained sandstone. Fossil 
trees as much as 3 ft in diameter are 
found rarely in unit. A prominent 
sandstone which is persistent locally 
and not contorted is found from 61.7 
to 70.7 ft above the base of the unit. 
This prominent sandstone is in part 
coarse grained and contains well
developed small- to medium-scale 
trough sets of cross-laminae. Car
bonaceous material is common in the 
claystone intervals ............................... . 

Total of Monitor Butte Member ... . 

Shinarump Member: 
2. Sandstone, grayish orange (lOYR 7/4) 

and very pale orange (lOYR 8/2), 
weathering same colors, medium to 
coarse grained, fair to well sorted; 
composed of subangular clear quartz 
and sparse black accessory minerals; 
poorly cemented, calcareous; com
posed of very thin to thin trough sets 
of high-angle crossbeds and cross
laminae; platy to blocky splitting; 
weathers to form vertical cliff. Di
rectly west of section a higher lens 
of the Shinarump is present. This 
lens increases the total thickness of 
the Shinarump by 23.2 ft. Locally 
green claystone partings are present 
in the sandstone of the unit ............. . 

'rotal of Shinat·ump Member ......... . 

Total of Chinle Formation ............... . 

Moenkopi Formation: 
1. Siltstone, pale reddish brown (lOR 5/4) 

and grayish red (lOR 4/2), weather
ing same colors; firmly cemented, 
argillaceous; composed of horizontal 
and current ripple laminae; shaly 
splitting; weathers to form hum
mocky· surface. Limy siltstone bed is 
present from 9.1 to 10.2 ft below 
Shinarump Member. Top few feet of 
unit altered to pale yellowish orange 

Feet 

145.4 

145.4 

41.2 

41.2 

477.2 

(lOYR 8/6) ...................................... Unmeasured 
Base of section; not base of exposure. 

U-44. MILLARD CANYON 
Measured on west side of M-illard Canyon, starting at western

most exposu1·e of Moss Back Member in major reentrant 
and continuing up cliffs to north. Major reentrar~.t is 2.8 
miles S. 81,. o W. of Cleopatras Chair and 2.2 miles northeast 
of last exposu1·e of Moss Back sandstone up Millard Can
yon, long 110°07'1,.5" W., lat 88°18'00" N., Wayne County 

[Measured by J. H. Stewart and 0. B. Raup, October 1953] 

Top of section; top of accessible exposure. 
Wingate Sandstone: 

19. Sandstone, light brown (5YR 6/4), 
weathering same color, very fine 

Wingate Sandstone-Continued Feet 

grained, well sorted; composed of sub-
rounded amber quartz and common 
black accessory mineral; poorly ce-
mented, calcareous; composed of very 
thin to thick planar sets of small- to 
medium-scale cross-laminae; massive 
splitting; weathers to form vertical 
cliff. Sandstone contains about 5 per-
cent medium to coarse grains of 
rounded milky and amber quartz. 
Basal few inches of unit is yellow-
ish gray (5Y 8/1) ............................ Unmeasured 

Chinle Formation: 
Church Rock Member: 

Hite Bed: 
18. Sandstone, pale red ( 5R 6/2), weather

ing pale reddish brown (lOR 5/4); 
very fine grained, well sorted; com
position masked; firmly cemented, cal
careous; composed of thin trough 
sets of medium-scale low-angle cross
laminae; weathers to form vertical 
cliff continuous with that of Wingate 
Sandstone. Along line of section, mid
dle % of unit is composed of sand
stone containing about 20 percent 
very coarse grains to pebbles of silt
stone. This conglomeratic sandstone 
pinches out about 50 ft west of line 
of section and is covered east of line 
of section ................................................ 11.4 

17. Siltstone, grayish red (lOR 4/2) and 
pale reddish brown (lOR 5/4), weath
ering same color; sparse very fine 
grains of accessory white mica; firmly 
cemented, noncalcareous; stratifica
tion concealed; weathers to form 
steep slope. Basal 5 ft of unit con
tains about 50 percent sandstone 
similar to that in underlying unit. 
This sandstone occurs in thin sets 
interstratified with the siltstone. The 
upper 1h of the unit contains about 
10 percent ripple-laminated well-ce
mented sandy siltstone sets inter
stratified with the siltstone. These 
sandy siltstone sets form small ledges. 
The upper 1f2 of the unit . is very 
poorly exposed ...................................... 29.2 

16. Sandstone, light greenish gray (5GY 
8/1) and pale reddish brown (lOR 
5/ 4), weathering pale reddish brown 
(lOR 5/4), very fine grained, well 
sorted; firmly cemented, slightly cal
careous; composed of thin trough sets 
of medium-scale low-angle cross-lami
nae; weathers to form ledge which 
is most conspicuous ledge near the 
top of the Chinle Formation. Basal 
contact sharp .......................................... 5.3 

Total of Hite Bed ............................ 45.9 
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Chinle Formation-Continued 
Church Rock Member-Continued 

15. Siltstone to sandy siltstone, grayish red 
(lOR 4/2), pale reddish brown (lOR 
5/4), and light brown (5YR 6/4), 
weathering same color, sandy (very 
fine grained) ; firmly cemented non
calcareous to slightly calcareous; 
dominantly structureless but contains 
sparse very thin to thick parallel 
beds; fractures into angular frag
ments; weathers to form steep slope. 
Units 12 to 14, although reddish 
brown in color, weather with a slight 
pale-red tint ------------------------------------------

14. Silty limestone to limy siltstone, pale 
red (5R 6/2 and lOR 6/2), sparse 
pale reddish brown (lOR 5/4), weath
ering same colors; firmly to well 
cemented, structureless except for 
faint suggestion of a few horizontal 
bedding planes; weathers to form 
conspicuous ledge. This unit is not 
present in exposures to east and west 
of line of section ----------------·················· 

13. Siltstone, grayish red (lOR 4/2) to pale 
reddish brown (lOR 5/4), weathering 
pale reddish brown (lOR 5/4); firmly 
cemented, calcareous; structureless; 
weathers to form steep slope. Unit 
contains common very thin to thin 
sets of pale-red (lOR 6/2) ripple
laminated sandy siltstone in middle 
10 ft of unit. A thin horizontal bed 
of light-greenish-gray (5GY 8/1) 
siltstone containing about 40 percent 
indistinct medium to very coarse 
grains of limestone occurs from 9.8 to 
10.1 ft above base of unit ................. . 

12. Siltstone (70 percent) and silty sand
stone (30 percent). Siltstone, pale 
reddish brown (lOR 5/4), weathering 
same color; firmly cemented, noncal
careous; stratification concealed. Silty 
sandstone, pale red (5R 6/2 and lOR 
6/2), weathering pale reddish brown 
(lOR 5/4), very fine grained; abun
dant medium-grained accessory white 
and dark mica; firmly cemented, cal
careous; ripple laminated. Silty sand
stone is present as thin to thick sets 
interstratified with siltstone. To west 
of line of section silty sandstone sets 
disappear. The silty sandstone sets 
are more numerous near the base of 
the unit. Unit as whole weathers to 
form slope. Top 0.5 ft of unit is light
greenish-gray ( 5GY 8/1) sandy silt-
stone ....................................................... . 

So-called Black Ledge: 
11. Sandstone, pale red (lOR 6/2), weath

ering same color, very fine grained, 
well sorted; composed of subangular 

Feet Chinle Formation-Continued 
Church Rock Member-Continued 

So-called Black Ledge-Continued 
milky mineral, accessory minerals 
masked; poorly cemented, calcareous; 
composed of thin planar to trough sets 
of medium-scale low-angle cross-lami
nae. Unit weathers with underlying 
unit to form the most conspicuous 
ledge in upper part of Chinle Forma
tion. Unit contains uncommon me-
dium-grained white mica ................... . 

10. Limy sandstone (types 1 and 2). Type 
1, light greenish gray (5GY 8/1), 

140.7 weathering light brownish gray (5YR 
6/1), very fine to fine grained, sand 
grains tightly cemented by intersti
tial calcite; composition masked; 
composed of thin trough to planar 
sets of low-angle medium-scale cross
laminae. Type 2, light greenish gray 
(5GY 8/1), weathering moderate olive 
brown (5Y 4/4), composed of round 
medium to very coarse limestone 

12.2 grains well .cemented by calcite ma
trix; composed of thin trough sets of 
medium-scale very thin crossbeds. 
Type 2 sandstone grades to conglom
eratic sandstone containing rounded 
limestone granules to pebbles. 
Amounts of types 1 and 2 sandstone 
are highly variable along the out
crop. Unit intertongues with over
lying unit. Unit as whole weathers 
to form vertical cliff ........................... . 

Total of so-called Black Ledge ..... . 

Total of Church Rock Member ..... . 

42.3 Owl Rock Member: 
9. Limestone (70 percent) and siltstone 

(30 percent). Limestone, medium 
light gray (N 6) and pale pur
ple (5P 6/2) with common light 
greenish gray (5GY 8/1), weathering 
same colors; dense; well cemented. 
Limestone is present as thin to thick 
horizontal beds interstatified with silt
stone. Siltstone, same colors as lime
stone, firmly cemented, calcareous; 
appears structureless. Unit as whole 
weathers to form steep slope in lower 
part and vertical cliff in upper part .. 

8. Silty claystone to claystone, grayish 
purple (5P 4/2) and light greenish 
gray ( 5GY 8/1) , pale reddish brown 
(lOR 5/4) from 5.6 to 21.6 ft, weath
ing same colors; firmly cemented, 

35.2 slightly calcareous; structureless; 
weathers to form steep slope. Unit 
contains limestone, similar to that in 
unit 6, from 4. 7 to 5.6 ft above base. 
Lower 5 ft of unit contains clays 

Feet 

21.6 

8.8 

30.4 

306.7 

22.7 
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Chinle Formation-Continued 
Owl Rock Member-Continued 

that swell in water. Purplish parts 
of unit contain nodules of limestone .. 

7. Limestone, light greenish gray (5GY 
8/1), weathering same color; dense, 
well cemented; tabular horizontal bed 
with faint suggestion of horizontal 
laminae in basal 0.5 ft; weathers to 
form ledge. Basal 0.5 ft of unit con
tains about 10 percent amber and 
gray chert masses from Vs in. to sev
eral inches in diameter ------------------------

6. Siltstone to clayey siltstone and lime
stone. Siltstone to clayey siltstone, 
pale reddish brown (lOR 5/4) in 
basal 8.4 ft, pale red purple ( 5RP 
6/2) in rest of unit, weathering same 
colors; firmly cemented, slightly cal
careous; structureless, some horizon
tal stratification planes. Limestone, 
light greenish gray (5GY 8/1), weath
ering same color; dense; well indu
rated. Limestone occurs as thin 
horizontal beds from 0.0 to 0.5 ft and 
8.4 to 9.9 ft above base of unit and 
as limestone nodules in rest of unit. 
Unit as whole weathers to form slope 

Total of Owl Rock Member -----------

Petrified Forest Member: 
5. Clayey siltstone, pale red (5R 6/2) 

and grayish red (5R 4/2), weath
ering same colors; contains swelling 
clays; firmly cemep.ted, slightly cal
careous; structureless; weathers to 
form slope. Contains some limestone 
nodules ----------------------------------------------------

4. Clayey sandstone, pale purple (5P 6/2) 
and light greenish gray (5GY 8/1), 
weathering same color, fine grained; 
composed of subangular milky min
eral and abundant orange and green 
accessory minerals, about 2 percent 
medium to very coarse grained dark 
mica; firmly cemented, slightly cal
careous; stratification poorly exposed, 
at least in part composed of thin sets 
of small-scale cross-laminae; weathers 
to form slope -----------·------------------------------

3. Siltstone (70 percent) and sandstone 
(30 percent). Siltstone, greenish gray 
(5GY 6/1), weathering light greenish 
gray (5GY 8/1); uncommon medium
grained accessory white mica; firmly 
cemented, calcareous; stratification 
concealed. Sandstone, light greenish 
gray ( 5GY 8/1) and yellowish gray 
(5Y 8/1), weathering dark yellowish 
brown (l.OYR 4/2), fine to medium 
grained, fair sorted; composed of 
subangular milky mineral and sparse 
orange acc_essory mineral; firmly ce-

Feet 

34.5 

2.8 

11.6 

71.6 

10.7 

18.9 

Chinle Formation-Continued 
Petrified Forest Member-Continued 

men ted, calcareous; composed of very 
thin to thin trough sets of cross
laminae. Sandstone commonly grades 
to conglomeratic sandstone which 
contains rounded coarse grains to peb
bles of limestone. Sandstone is pres
ent as thick cosets interstratified with 
rest of unit. Unit appears to be highly 
variable in thickness. Sandstone lay
ers may be tongues of the underlying 
Moss Back Member. Unit weathers to 
form bench containing small ledges. 
Unit contains common petrified tree 
logs. Siltstone commonly grades to 
fine-grained silty sandstone ............... . 

Total of Petrified Forest Member ... . 

Moss Back Member: 
2. Sandstone (85 percent) and conglom

eratic sandstone (15 percent). Sand
stone, yellowish gray (5Y 8/1) and 
uncommon light greenish gray ( 5GY 
8/1), weathering very pale orange 
(10YR 8/2), fine to medium grained, 
fair sorted; composed of subangular 
to subrounded clear quartz and com
mon gray accessory mineral, sparse 
coarse-grained accessory white mica; 
poorly cemented, calcareous; com
posed of thin to thick trough to planar 
sets of medium- and sparse large-scale 
cross-laminae; dominantly massive 
splitting. Conglomeratic sandstone, 
light greenish gray ( 5GY 8/1) 
and minor yellowish gray (5Y 811), 
weathering dominantly moderate yel
lowish brown (10YR 5/4); composed 
of granules and pebbles in fine- to 
medium-grained sand or limy silt 
matrix, grades to fine- to medium
grained sandstone with abundant lime 
matrix, common scattered coarse to 
very coarse grains. Granules to peb
bles composed of subrounded to 
rounded quartzite, and to a lesser 
extent of chert and quartz. Conglom
eratic sandstone is poorly to firmly 
cemented and calcareous and occurs 
as thin to very thick lenses. Con
glomeratic sandstone is interstratified 
with sandstone and is dominantly 
in lower 15 ft of unit. About 5 
percent of unit consists of thin 
lenses of greenish-gray ( 5GY 6/1) 
clayey siltstone. Unit as whole tabu
lar and weathers to form vertical cliff. 
Unit contains common petrified tree 
logs in basal 10 ft ................................. . 

Total of Moss Back Member ........... . 

Total of Chinle Formation ............. . 
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Moenkopi Formation : Feet 

1. Siltstone, grayish red (lOR 4/2) to pale 
reddish brown (lOR 5/4), weather
ing same colors; uncommon to abun
dant very fine grained accessory white 
mica; firmly cemented, slightly cal
careous; stratification poorly devel
oped but partly structureless and 
partly horizontally laminated; weath
ers to form steep rubble-covered 
slope. Top 2 ft of unit is altered to 
light greenish gray (5G 8/1) and 
grayish yellow (5Y 8/4) ................ Unmeasured 

Base of section; base of exposure. 

U-45. LEEDS 
Measured about half a rnile northeast of Virgin River 2% 

rniles south-southeast of Leeds, Utah, and 3% rniles west
northwest of Hurricane, Utah, in southeast flank of the 
Harrisburg dorne of Virgin anticline, long 113°21' W., lat 
37°12' N., Washington County 

[Measured by J. H. Stewart and R. F. Wilson, October 1955] 

Top of section; not top of exposure. Top of section Feet 

is N. 16° W. about 3 miles from extinct volcano, 
S. 70° E. of base of section, and about 1,500 ft 
northeast of the Virgin River. 

Navajo Sandstone: 
33. Sandstone, moderate orange pink (5YR 

8/4), minor white (N 9), weathering 
same colors and very pale orange 
(lOYR 8/2), fine grained, scattered 
medium grains, well sorted; composed 
of well-rounded to rounded reddish
stained and frosted clear quartz, 
sparse dark and orange accessory 
minerals, poorly cemented, slightly 
calcareous; composed of thick wedge
shaped planar sets of predominantly 
high-angle medium- to large-scale 
cross-laminae; weathers to form high
est 10 to 20 ft of hogback and back 
slope of hogback. Base of unit is 
sharp and slightly irregular. Only 
basal 40 ft of unit examined. Top of 
Kayenta Formation placed at base of 
unit because underlying unit contains 
highest silty fluvial red beds in sec
tion and because unit contains lowest 
occurrence of large-scale high-angle 
planar cross-stratification. The over
lying many hundreds of feet of the 
Navajo Sandstone do not contain any 
reddish units like unit 32 ................ Unmeasured 

Kayenta Formation: 
32. Silty sandstone to sandy siltstone, pale 

reddish brown (lOR 5/4), weather
ing same color, grades from sandy 
coarse siltstone to silty very fine 
sandstone, well sorted, composed of 
reddish-stained and clear quartz with 
common dark accessory minerals; 
firmly cemented, calcareous; horizon
tally laminated to thin bedded; weath-
ers to form irregular rounded cliff.... 20.6 

Kayenta Formation-Continued 
31. Sandstone, moderate reddish orange 

(lOR 6/6), minor white (N 9), weath
ering same colors, v,ery fine to fine 
grained, contains as much as 5 per
cent medium grains in places, well 
sorted; composed of well-rounded to 
subrounded clear, frosted, and red
dish-stained quartz and abundant to 
common dark accessory minerals; 
poorly cemented, calcareous in parts; 
composed of thin to thick wedge
planar sets of medium-scale predomi
nantly high-angle cross-laminae; 
weathers to form vertical cliff. Me
dium sand grains occur as in sand
stone of unit 28. Unit contains 
abundant limy sand concretions ......... . 

30. Sandy siltstone and sandstone. Sa.:dy 
siltstone, like siltstone in unit 28 ex
cept contains minor amounts of very 
fine grained sand and grades to very 
fine grained sandstone. Sandstone, 
light brown (5YR 6/4) and moderate 
reddish orange (lOR 6/6), weather
ing light brown (5YR 6/4), very fine 
grained, contains as much as 15 to 
20 percent fine to coarse grains; fair 
to well sorted; composed of well
rounded to subrounded reddish
stained, frosted, milky, and clear 
quartz and abundant accessory dark 
and light minerals; poorly to firmly 
cemented, slightly calcareous; hori
zontally laminated to very thick bed
ded, common planar sets of small- to 
medium-scale low-angle cross-lami
nae. Unit as whole weathers to form 
irregular to vertical cliff. Sandstone 
is present from 0 to 14.7 ft and from 
23.5 to 29.4 ft above base of unit. 
Medium to coarse sand grains occur 
in a manner similar to that in the 
sandstone of unit 28 ............................. . 

29. Siltstone (60 percent) and sandstone 
( 40 percent). Siltstone, similar to 
that in unit 28. Sandstone, light 
brown (lOYR 6/4) to pale reddish 
brown (lOR 3/4), weathering light 
brown (lOYR 6/4), very fine grained, 
well sorted; composed of rounded to 
subrounded clear and milky quartz 
and common dark accessory mineral; 
poorly to firmly cemented, calcareous; 
horizontally laminated to very thin 
bedded. Unit as whole weathers to 
form ledgy slope ..................................... . 

28. Siltstone and sandstone. Siltstone, pale 
reddish brown (lOR 5/4), mottled 
to light greenish gray (5GY 8/1), 
weathering same colors, coarse silt, 
sandy (very fine grained) in part; 
firmly cemented, calcareous; prob-
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Kayenta Formation-Continued 
ably wavy laminated to thin bedded. 
Sandstone, light brown (5YR 6/4) to 
moderate reddish orange (lOR 6/6), 
minor white (N 9), weathering mod
erate reddish orange (lOR 6/6), fine 
to very fine grained, contains 5 per
cent medium to coarse grains, well 
sorted; composed of rounded to sub
rounded clear, frosted, and reddish
stained quartz and minor dark 
accessory mineral; poorly to firmly 
cemented, calcareous in part. Unit 
as whole weathers to form vertical 
cliff. Sandstone occurs from 19.0 to 
29.4 ft and 36.3 to 63.8 ft above base 
of unit. Lower sandstone unit is 
horizontally laminated to very thin 
bedded for the most part. Upper 
sandstone unit is composed of thin to 
thick planar sets of small- to medium
scale high- and low-angle cross-lami
nae which in places are separated by 
thin sets of horizontal laminae. Me
dium to coarse sand grains occur 
disseminated throughout the sand
stone and are concentrated along the 
stratification planes and near the 
bases of the sandstone units ............. . 

27. Siltstone, pale reddish brown (lOR 5/4) 
and light brown (5YR 6/4), weath
ering pale reddish brown (lOR 5/4), 
medium to coarse silt, sandy (very 
fine grained) in parts, grades to very 
fine grained sandstone in places; 
firmly to well cemented, calcareous; 
horizontally thinly laminated to thin 
bedded, minor ripple laminations; 
weathers to form slope ....................... . 

26. Sandstone, pale reddish brown (lOR 
5/4) and moderate orange pink (lOR 
7/4), mottled to pinkish gray (5YR 
8/1) in places, weathering moderate 
reddish orange (lOR 6/6), very fine 
to fine grained, silty in part, well 
sorted; composed of round to sub
rounded reddish-stained and frosted 
quartz and common dark-colored and 
orange accessory minerals; firmly to 
well cemented, calcareous; apparently 
horizontally laminated to thick bed
ded; weathers to form ledge at base 
of cliff topped by the Navajo Sand-
stone ....................................................... . 

25. Sandstone (65 percent) and siltstone 
(35 percent). Sandstone, pale reddish 
brown (lOR 5/4) and light brown 
(5YR 6/4) to moderate reddish orange 
(lOR 6/6), weathering pale reddish 
brown (lOR 5/4), very fine grained, 
silty, well sorted; composed of sub
angular to subrounded reddish-stained 
quartz with common black accessory 
minerals; poorly to firmly cemented, 

Feet Kayenta Formation-Continued 
calcareous; horizontally thin to thick 
bedded in part, in part composed of 
thin to thick planar and trough sets 
of small- to medium-scale cross-lami
nae. Siltstone, light brown (5YR 6/4), 
mottled to light greenish gray (5GY 
8/1), medium to coarse silt, sandy 
(very fine gr:ained) in part; firmly 
to well cemented, calcareous; hori
zontally stratified. Unit as a whole 
weathers to form slope. A lens of 
ledge-forming cross-stratified sand
stone occurs from 43.3 to 53.9 ft 
above base of unit. Lateral to line 
of section, this sandstone unit appar-· 
ently pinches out ................................... . 

24. Sandstone, moderate reddish orange 
(lOR 6/6) and light brown (5YR 
6/4), weathering light brown (5YR 
6/4), fine grained, with 2 to 5 percent 
medium to coarse grains, well sorted; 
composed of subrounded to rounded 
clear and frosted ( ? ) quartz and 
minor accessory dark minerals; poorly 
to firmly cemented, calcareous; top 2 
ft of unit horizontally is very thin to 
thin bedded, rest of unit is composed 

63.8 of thin to thick wedge-planar sets of 
low-angle small- to medium-scale 
cross-laminae; weathers to form ledge 

23. Siltstone to sandy siltstone ( 60 per
cent), sandstone (25 percent) and 
silty claystone (15 percent), similar 
to unit 21. Sandstone is predomi
nantly in upper third of unit and 
consists of several very thick sets of 
horizontal laminae and to a lesser ex-

40.0 tent of small-scale trough cross-lami
nae. Two thick beds of light-brown 
(5YR 6/4) to moderate-reddish
orange (lOR 6/6) fine to very 
fine grained sandstone, unlike sand
stone· in unit 21, occurs in upper 
third of unit. Unit measured between 
two lava-capped mesas ......................... . 

22. Sandstone, pale red (lOR 6/2) and (5R 
6/2), minor light-greenish-gray (5GY 
8/1) mottling, weathering pale red 
(5R 6/2), fine to very fine grained, 
well sorted; composed of subrounded 
·clear to reddish-stained quartz, com
mon accessory dark and white mica 

32.4 and dark minerals; poorly cemented, 
calcareous; composed of thin to thick 
trough and planar sets of small- to 
medium-scale low-angle cross-laminae, 
minor cuspate ripple laminations in 
upper part of unit; weathers to form 
irregular cliff. Unit contains a few 
lenses of clay pellet conglomerate 
near base. Lithologically unit resem
bles the Springdale Sandstone Mem-
ber of the Moenave Formation ......... . 
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Kayenta Formation-Continued Feet 

21. Siltstone to sandy siltstone (80 per
cent), sandstone (10 percent), and 
silty claystone (10 percent). Siltstone 
to sandy siltstone, pale reddish brown 
(lOR 5/4), grayish red (lOR 4/2), · 
and light brown (5YR 6/4), minor 
mottling to light greenish gray (5GY 
8/1), weathering same colors, fine to 
coarse silt, grades to very fine 
grained silty sandstone in places; 
common accessory dark and white 
mica; firmly cemented, calcareous; 
horizontally thinly laminated to very 
thick bedded, commonly ripple lami
nated, sparse cross-stratified parts. 
Sandstone, pale red (lOR 6/2) and 
light brown· (5YR 6/4), weathering 
light brown (5YR 6/4), very fine 
grained, silty in part, well sorted; 
composed of subangular to sub
rounded clear, pinkish, and milky 
quartz and common accessory white 
mica and dark minerals; poorly to 
firmly cemented, calcareous; horizon
tally laminated to thin trough and 
planar sets of small- to medium-scale 
low-angle cross-laminae. Silty clay
stone, grayish red (lOR 4/2) and 
light greenish gray (5G 8/1), weath
ering pale red ( 5R 6/2) ; firmly ce
mented, calcareous; stratification 
concealed. Unit as whole weathers to 
form partially covered slope. Sand
stone occurs predominantly as very 
thin to thick sets interstratified with 
sandy siltstone to siltstone in basal 
third of unit. One prominent sand
stone occurs from 7.3 to 17.8 ft above 
base of unit. Much of sequence is 
coarse siltstone containing varying 
percentages of very fine sand. One 
thin set of siltstone, containing limy 
nodules, is present in rpiddle part of 
unit ---------------------------------------------------------- 256.8 

Total of Kayenta Formation__________ 935.2 

Moenave Formation: 
Springdale Sandstone Member: 

20. Sandstone, pale red (5R 6/2 and lOR 
6/2) and pale reddish brown, weath
ering light brown (5YR 6/4), very 
fine to fine grained, fair sorted; com
posed of subangular clear and milky 
quartz and 2 percent black mineral; 
poorly cemented, calcareous; com
posed of thin to thick trough sets 
of medium- to large-scale low-angle 
cross-laminae; weathers to form ledge 
on dip slope of hogback developed on 
Springdale Sandstone Member____________ 17.8 

19. Sandstone ( 40 percent) and silty clay-
stone to siltstone (60 percent). Silty 

Moenave Formation-Continued 
Springdale Sandstone Member-Continued 

claystone to siltstone, light greenish 
gray (5GY 6/1) and dark greenish 
gray (5GY 4/1), sparse pale red 
(lOR 6/2), weathering mostly pale 
reddish brown (lOR 5/4); firmly ce
mented, noncalcareous; stratification 
concealed. Sandstone, light greenish 
gray (5GY 8/1) and pale red (lOR 
6/2), weathering light brown (5R 
6/4) and yellowish gray (5Y 8/1), 
very fine grained, fair sorted; com
posed of subangular clear and milky 
quartz and abundant black accessory 
minerals; poorly cemented, calcare
ous; horizontally laminated to thin 
bedded. Unit as whole weathers to 
form slope between cliff-forming parts 
of the Springdale Sandstone Mem
ber. Sandstone present as thin to 
thick sets interstratified with rest of 
unit ----------------------------------------------------------

18. Sandstone, pale red (5R 6/2) and 
sparse pale red (lOR 6/2), weath
ering same colors and light brown 
(5YR 6/4), fine grained, well sorted; 
composed of subangular to sub
rounded clear, pinkish, and milky 
quartz with common accessory white 
and dark mica and 3 to 5 percent 
black minerals; poorly cemented, cal
careous; horizontally laminated to 
thin bedded with about 30 percent 
thin to thick planar and trough sets 
of small- to medium-scale low-angle 
cross-laminae (some horizontal lami
nae are probably trough sets of large
scale very low angle cross-laminae) ; 
weathers to form. vertical cliff and 
main part of hogback developed on 
the Moenave Formation. Unit con
tains common plant impressions. Unit 
contains a few lenses of mudstone 
pellet conglomerate. Unit from 1 to 
4 ft above base is light-greenish-gray 
( 5G 8/1) claystone. Base of unit is 
marked by 1 ft of clay pellet con-
glomerate ------------------------------------------------· 

Total of Springdale Sandstone 
Member ------------------------------------------

Whitmore Point Member: 
17. Siltstone to clayey siltstone (90 per

cent) and sandy siltstone (10 
percent). Siltstone to clayey silt
stone, dark greenish gray ( 5G 4/1), 
greenish gray (5G 6/1), and grayish 
red (lOR 4/2 and 5R 4/2), weather
ing light greenish gray (5GY 8/1) 
and minor pale red (lOR 6/2), fine 
silt, common clay in part; firmly ce
mented, calcareous; stratification con
cealed. Sandy siltstone, light greenish 
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Moenave Formation-Continued 
Whitmore Point Member-Continued 

gray (5GY 8/1) and sparse pale red 
(lOR 6/2), weathering same colors, 
composed of coarse silt with minor 
very fine grained sand (may grade to 
very fine grained sandstone in places) ; 
firmly cemented, calcareous; horizon
tally very thin bedded. Unit as whole 
weathers to form steep slope. Sandy 
siltstone is present as thin sets inter
stratified with fine siltstone; it weath
ers to form small ledges. About 500 
ft north of section, unit contains 
20-ft-thick lens, 200 ft in length, of 
sandstone resembling that of the 
Springdale. Line of section passes 
through southwest corner of Duffin 
No.1 claim ............................................. . 

16. Siltstone, pale red (lOR 6/2) to grayish 
red (lOR 4/2), weathering same 
colors, fine to coarse silt; firmly to 
well cemented, calcareous; stratifica
tion mostly concealed, where exposed 
is horizontally thin to very thin 
bedded; weathers to form steep earthy 
slope. Coarse siltstone constitutes 
about 10 percent of unit ....................... . 

Total of Whitmore Point Member .. 

Dinosaur Canyon Member: 
15. Siltstone to sandy siltstone, light 

brown (5YR 6/4) and pale reddish 
brown (lOR 5/4), weathering light 
brown ( 5 Y R 6/4) , fine to coarse silt, 
may grade to silty very fine grained 
sandstone in a few places; common 
very fine grained accessory white 
mica; firmly cemented, calcareous; 
horizontally laminated to thin bedded 
and about 25 percent thin planar and 
possible trough sets of medium-scale 
low-angle cross-strata; weathers to 
form ledgy sequence in middle of 
escarpment topped by Springdale 
Sandstone Member. One thick bed of 
greenish-gray (5GY 6/1) siltstone 
occurs in middle of unit. Coarse silt
stone consitutes about 75 percent of 
unit. A few horizons of cuspate 
ripples ..................................................... . 

14. Siltstone, grayish red (lOR 4/2) to 
pale reddish brown (lOR 5/4), minor 
light brown (5YR 6/4), and sparse 
yellowish gray (5Y 8/1), weathering 
pale reddish brown (lOR 5/4), grades 
from clayey fine siltstone to coarse 
siltstone; firmly cemented, calcareous; 
stratification concealed in many 
places, where exposed siltstone is 
horizontally thinly laminated to thin 
bedded, some ripple-laminated parts; 
weathers to form steep slope. Coarser 
siltstone layers are mostly light 

Feet 
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Moenave Formation-Continued 
Dinosaur Canyon Member-Continued 

brown (5YR 6/4) and weather to 
form ledges. Ripples are of both the 
parallel and the cuspate types and 
occur in about 5 percent of the unit. 
Coarse siltstone ledges constitute 
about 12 percent of the unit ........... . 

13. Conglomeratic sandstone to sandy 
conglomerate, and siltstone. Conglom
eratic sandstone to sandy conglom
erate, light greenish gray (5GY 8/1), 
and minor pale reddish brown (lOR 
5/4), weathering light greenish gray, 
medium grains to granules (sparse 
pebbles) of subrounded to rounded 
gray chert, milky quartz, or lime
stone; 10 percent interstitial clay; 
poorly sorted; poorly to well ce
mented, calcareous; horizontally very 
thin bedded. Pebbles are entirely 
chert or limestone. Siltstone, grayish 
red (lOR 4/2), minor light-greenish
gray (5Y 8/1) mottling, weathering 
pale reddish brown (lOR 5/4), com
mon very fine grained sand; poorly 
cemented, calcareous; stratification 
mostly concealed, but some horizontal 
laminae. Unit weathers to form slope. 
Conglomeratic sandstone to sandy 
conglomerate occurs as thin sets at 
top and bottom of unit. Siltstone 
contains scattered granules and peb-
bles of limestone or chert .......... : ........ . 

Total of Dinosaur Canyon Member 

Total of Moenave Formation ........... . 

Chinle Formation: 
Petrified Forest Member: 

Upper unit: 
12. Claystone, grayish red (5R 4/2), 

grayish red purple (5RP 4/2), and 
greenish gray (5GY 6/1), weathering 
pale red purple (5RP 6/2) and light 
greenish gray (5GY 8/1); bentonitic; 
firmly to well indurated, noncalcare
ous; stratification concealed, some 
horizontal stratification planes; 
weathers to form frothy surfaced 
hills. Claystone is silty in parts and 
contains several horizons of limestone 
nodules. Unit contains several feet of 
grayish red purple (5RP 4/2) clayey 
sandstone in basal 10 ft ................... . 

Total of upper unit ....................... . 

NOTE.- Units 9-11 are closely associated 
and intertongue. They form the hogback 
in the middle of the Chinle Formation 
whereas the rest of the formation forms 
gentle slopes. The measured thickness 
of these units is probably close to a 
maximum for the local area; elsewhere 
they are from 20 to 30 ft thick. Unit 9 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

may intertongue with the underlying unit 
and is present only locally along the ex
posure. Units 9-11 may correlate with a 
sandstone unit in the middle of the 
Petrified Forest Member near Kanarra
ville and with a sandstone unit in the 
middle of the Petrified Forest Member 
near Rockville. The Leeds section is 
similar to that near Kanarraville. In 
both sections the Petrified Forest Mem
ber is about 400 ft thick and consists of 
bentonitic rocks containing a conspicuous 
sequence of sandstone in the middle. The 
claystone below the sandstone sequence 
in both sections is greenish with minor 
reddish and purplish colors and does 
not contain limestone nodules. The clay
stone above the sandstone sequence in 
both sections is mostly purplish and con
tains many limestone nodules. The sand
stone sequence is characterized in both 
sections by abundant conglomerate con
taining granules and pebbles of chert 
and, to a lesser extent, of quartzite. 

Middle sandstone sequence: 
11. Sandstone, grayish red (lOR 4/2), pale 

red purple (5RP 6/2), minor light 
greenish gray (5GY 8/1), thin very 
pale orange (10YR 8/2) color band 
at top, weathering same colors, medi
um grained, poorly sorted; composed 
of angular clear and milky quartz, 
5 percent orange grains and 1 to 2 
percent dark-green rrica; poorly ce
mented, noncalcareous; composed of 
thin planar sets of small- to medium
scale low-angle cross-laminae; weath
ers to form slope at base of hogback 
developed on underlying unit. Unit 
contains common granules and pebbles 
of yellowish, brown, and gray chert .... 

10. Sandstone to conglomerate, yellowish 
gray (5Y 8/1) and light greenish 
gray (5GY 8/1), weathering very 
pale orange (10YR 8/2), coarse 
grained, some interstitial clay, poorly 
sorted; composed of angular. to sub
angular clear and milky quartz and 
5 percent pink or orange grains; 
poorly cemented, calcareous; com
posed of thin to thick trough and 
planar sets of mediu~-scale low
angle cross-laminae; weathers to form 
ledge. Granules and pebbles constitute 
from 5 to 20 percent of the sandstone 
in most places and constitute from 
20 to 50 percent of the sandstone 
locally. Granules and pebbles are com
posed of gray, white, and yellowish 
chert and of gray and pink quartzite. 
Granules and pebbles average about 
% in. in diameter but are as much 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

Middle sandstone sequence-Continued 
as 2 in. in diameter. Common impres
sions of tree logs and stems. Unit 
forms main part of hogback in middle 
of Chinle Formation ·······················-----

9. Sandstone, yellowish gray (5Y 8/1) in 
basal 3 ft and light olive gray (5Y 
6/1) in rest of unit, weathering same 
colors, fine to coarse grained, poorly 
sorted; composed of subangular to 
angular milky quartz, 5 percent or
ange mineral, and 1 or 2 percent 
dark-green mica; poorly to firmly ce
mented, calcareous in parts; composed 
of thin to thick trough and planar 
sets of low-angle ·small- to medium
scale cross-laminae in basal 3 ft, 
structureless high in unit; weathers 
to form ledge. Basal 3 ft of unit con
tains a few scattered granules to peb
bles of reddish, gray, and brown chert. 
Basal contact is sharp and placed at 
change from claystone below to sand
stone above ·······--··-·-----···········-·············-

Total of middle sandstone sequence 

Lower unit: 
8. Claystone to clayey siltstone, light gray 

(N 7), light greenish gray (5GY 
8/1), pale reddish brown (lOR 5/4), 
grayish red (5R 4/2) and pale red 
purple (5RP 6/2), colors variegated, 
weathering mostly light greenish gray 
(5GY 8/1) and pale red purple (5RP 
fl/2) ; firmly cemented, noncalcareous; 
stratification concealed, possibly some 
horizontal stratification planes; 
weathers to form frothy-surfaced 

. badland topography. Unit exposed in 
western half of strike valley devel-

10.2 oped on the Chinle Formation. Locally 
unit contains sandstone lenses. Along 
line of section three sandstone lenses 
occur; the lower two are thin and 
composed of grayish-orange (lOYR 
7 I 4) fine-grained well-cemented non
calcareous sandstone whose composi
tion is masked, and the upper one is 
about 4 ft thick and 158 ft above base 
of unit. This u·pper sandstone is pale 
red purple (5RP 6/2) and fine grained 
and poorly sorted; it is composed of 
subangular clear and milky quartz 
and 2 to 3 percent dark-green mica, 
and is horizontally laminated. It con
tains some thin trough sets of me
dium- to small-scale cross-laminae. 
All three sandstone lenses pinch out 
within 1,000 ft along the exposure. 
Claystone and clayey siltstone in 
places contain as much as 50 percent 
very fine grained sand ......................... . 

Feet 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

Lower unit--Continued 
Total of lower unit ........................... . 

Lowermost sandstone unit: 
7. Sandstone, very pale orange (lOYR 

8/2), abundant dark-yellowish-brown 
(lOYR 4/2) limonite spots, weather
ing very pale orange (lOJ:''R 8/2), me
dium grained, fair to poorly sorted; 
composed of subangular to sub
rounded clear and milky quartz and 
sparse black accessory mineral ; firmly 
cemented, calcareous; horizontally 
very thin bedded, minor thin planar 
sets of medium-scale cross-laminae; 
weathers to form small ledge on up
per surface of hogback developed on 
the Shinarump Member. The sand
stone may be a tongue of the Shinar-
ump Member ......................................... . 

6. Clayey siltstone to siltstone (80 per
cent) and siltstone to sandstone (20 
percent). Clayey siltstone to siltstone, 
light gray (N 7), weathering same 
and light brownish gray (5YR 6/1); 
bentonitic in part; poorly cemented, 
noncalcareous, clay binding; stratifi
cation concealed. Siltstone to sand
stone, grayish orange (lOYR 7/4) 
and pale red (5R 6/2), weathering 
pal~ yellowish brown (lOYR 6/2), 
composed of medium silt to very fine 
grained sand; common accessory white 
and dark-green mica; well cemented, 
calcareous in parts; horizontally and 
ripple laminated. Unit as whole 
weathers to form slope on upper sur
face of hogback developed on the 
Shinarump Member. From distance 
unit has purplish tint. Siltstone to 
sandstone present as thin to thick 
sets interstratified with rest of unit. 
Parts of unit poorly exposed ............. . 

Total of lowermost sandstone unit 

Total of Petrified Forest Member .... 

Shinarump Member: 
6. Sandstone, similar to that in unit 3, 

fine to medium grained, poorly ex
posed in parts, weathers to form 
slope. Units 2 to 5 appear to inter
tongue extensively along the expo-
sure ......................................................... . 

4. Sandstone ( 40 percent) to conglomer
atic sandstone (60 percent), very 
pale orange (lOYR 8/2) and yellow
ish gray (6Y 8/1), abundant limonite 
spots, weathering yellowish gray (5Y 
8/1), medium to coarse grained, fair 
to poorly sorted; composed of sub
rounded clear and milky quartz; well 
cemented, calcareous; horizontally 

Feet 
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26.8 

408.2 
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Chinle Formation-Continued 
Shinarump Member-Continued 

very thin to thin bedded; weathers to 
form ledge on upper surface of hog
back developed on Shinarump Mem
ber. Conglomera tic sandstone is 
composed of granules and pebbles av
eraging from %to % in. in diameter. 
Granules and pebbles are white chert, 
gray and orange quartzite, or white 
and pink quartz ..................................... . 

3. Siltstone to sandstone, dark yellowish 
brown (lOYR 4/2), minor moderate 
yellowish brown (lOYR 5/4) and 
greenish gray (5GY 6/1), weather
ing dark yellowish brown (lOYR 
4/2) ; composed of medium silt to 
very fine grained sand; composition 
masked, sparse very fine grained ac
cessory white mica; well cemented, 
calcareous; horizontally laminated, 
sparse cuspate ripple marks; platy 
splitting in places; weathers to form 
part of upper surface of hogback de
veloped on the Shinarump Member .... 

2. Sandstone (80 percent) and conglom
eratic sandstone to conglomerate (20 
percent). Sandstone, very pale orange 
(lOYR 8/2), yellowish gray (5Y 8/1), 
and sparse grayish orange (lOYR 
7/4), weathering grayish orange 
(lOYR 7/4) and dark yellowish brown 
(lOYR 4/2), fine to coarse grained, 
fair to poorly sorted; composed ·of 
subrounded clear and milky quartz 
and sparse black accessory mineral; 
structureless in places, horizontal lam
inated to thin bedded in other places, 
and composed of very low angle cross
laminae and common thin planar sets· 
of small- to medium-scale cross-lami
nae in still other places. Conglomer
atic sandstone to conglomerate, 
similar to sandstone except contains 
granules and pebbles of whitish 
quartz, and to a lesser extent of white 
and gray chert and of black and red 
quartzite. Conglomeratic parts gen
erally have a coarser sand matrix 
than the sandstone. Conglomeratic 
sandstone to conglomerate is present 
as 0.5 to 5-ft-thick lenses interstrati
fied with the sandstone. Unit as whole 
weathers to form vertical cliff. From 
a distance unit appears· to be com
posed of horizontal lenses or sets 
from 6 to 10 ft thick. Common limo-
nitic spots and stains ........................... . 

Total of Shinarump Member ........... . 

Total .of Chinle Formation ............... . 

Moenkopi Formation: 
Upper red member: 

1. Siltstone, grayish red (lOR 4/2) and 
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Moenkopi Formation-Continued Feet 

Upper red member-Continued 
moderate brown (5YR 4/4), weather
ing grayish red (lOR 4/2), fine to 
coarse silt; common very fine grained 
accessory white mica; well cemented, 
noncalcareous; horizontally lami
nated; weathers to form steep rub-
ble-covered slope .............................. Unmeasured 

Base of section; not base of exposure. Base of section 
is on north side of canyon cutting through hogback 
formed by the Shinarump Member of the Chinle 
Formation. Base is about 3 miles N. 33o W. of 
prominent extinct volcano. 

U-46. ROCKVILLE 
Measured 1% miles north of Rockville, in Zion National Park. 

Units 1-8 measured on east side of Huber Wash. Rest of 
section measured along a northwest to north line up south 
cliff face of Mount Kinesava. Sec. 86, T. 41 S., R. 11 W., 
SLM, Washington County 

[Measured by J. H. Stewart, September 1953] 

Top of section; not top of exposure . .Top of section Feet 

is about 1,500 ft west of fence along boundary of 
Zion National Park. Top of section is in draw 
about 75 ft below small saddle betwe~n promontory 
of the Springdale Sandstone Memb~r of the Mo-
enave Formation and tal us-covered outlier of 
Chinle and Moenave. 

Moenave Formation (incomplete): 
Dinosaur Canyon Member (incomplete): 

24. Sandstone, light brown (5YR 6/4), pale 
reddish brown (lOR 5/4), and sparse 
dusky yellow (5Y 6/4), weathering 
light brown (5YR 6/4), very fine 
grained, well sorted; cqmposed of am
ber-stained quartz grains, accessory 
minerals masked; firmly cemented, 
calcareous; stratification concealed; 
weathers to form earthy slope. Thin 
bed of light-greenish-gray ( 5GY 8/1) 
sandy silty claystone at base of unit. 
Only basal 10 ft of unit exam-
ined .................................................... Unmeasured 

23. Sandstone, light greenish gray (5GY 
8/1), weathering same color and pale 
brown (5YR 5/2), very fine grained, 
well sorted; composed of subrounded 
clear quartz and sparse ·black acces
sory minerals; poorly c~mented, highly 
calcareous; stratification poorly ex
posed but appears to be thinly to very 
thinly horizontally bedded; weathers 
to form fairly conspicuous light-col
ored ledge. Contains numerous seams 
of white gypsum...................................... 3.0 

22. Claystone to clayey sandstone, and gyp
sum. Claystone to clayey sandstone, 
pale reddish brown (lOR 5/4), abun
dant light-greenish-gray ( 5GY 8/1) 
spots, weathering pale reddish brown 
(lOR 5/4); clayey sandstone is very 
fine grained, fair sorted. Claystone to 

Moenave Formation (incomplete)-Continued 
Dinosaur Canyon Member (incomplete)-Con. 

clayey sandstone is firmly to poorly 
cemented, noncalcareous; stratifica
tion concealed; composed of clays that 
do not swell in water. Gypsum, whi~e 
(N 9), weathering same color an"d 
light brown (5YR 6/4), fine to 
coarsely crystalline; firmly cemented; 
beds of gypsum have fibrous ap
pearance. Gypsum in beds from 0.0 to 
0.4 ft and 1. 7 to 2.8 ft above base of 
unit and as common nodules about 3 
in. in diameter from 2.8 to 8.4 ft 
above base of unit. Unit as whole 
weathers to form earthy. slope with 
small ledges developed on gypsum 
beds. Unit is put in the Dinosaur 
Canyon Member because basal con
tact is abrupt color change and is at 
change from rock below containing 
swelling clay to those above that do 
not. However, the presence of gypsum 
beds suggest that unit could be part 
of the Chinle Formation; a gypsum 
bed is present in the Chinle Forma
tion at about the same stratigraphic 
horizon in the Fossil Wood Wash 
section. Unit 21, in the Chinle Forma
tion, contains gypsum beds in the top 
few feet. Possibly the gypsum beds in 
unit 21 are veins extending down 
into the Chinle from the Dinosaur 
Canyon Member ···················'················ 

Total of incomplete Dinosaur Can-
yon Member ................................... . 

Total of incomplete Moenave 
Formation ..................................... . 

Chinle Formation: 
Petrified Forest Member: 

21. Claystone, grayish purple ( 5P 4/2) 
from 0.0 to 9.3 ft, greenish gray 
(5GY 6/1) and medium light gray 
(N 6) from 9.3 to 13.5 ft, grayish 
red purple ( 5RP 4/2) with minor 
grayish red (5R 4/2) from 13.5 to 
52.2 ft, grayish red (5R 4/2) from 
52.2 to 92.8 ft, weathering pale red 
purple (5RP 6/2), commonly silty; 
firmly cemented, dominantly noncal
careous; some calcareous parts; struc
tureless; weathers to form steep 
slope, mostly earthy weathering but 
frothy weathering in lower 22.0 ft. 
Entire unit composed of clays that 
swell in water. Unit from 17.0 to 92.8 
ft contains sparse limestone nodules. 
These nodules are pale red (lOR 6/2) 
and light greenish gray (5GY 8/1), 
dense, and average about 1 in. in di
ameter. Commonly the limestone 
nodules are poorly cemented crumbly 
masses. Top 9 ft of unit directly east 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

of line of section contains several 
thin to very thin beds and (or) veins 
of coarsely crystalline white (N 9) 
gypsum. These beds and (or) veins 
are identical with the two beds in the 
overlying unit except that some lie at 
angles as great as 50° to the regional 

dip ···························································· 
20. Clayey sandstone, pale brown (5YR 

5/2) and minor grayish red (lOR 
4/2), weathering moderate brown 
(5YR 4/4), fine to very fine gr~ined, 
common interstitial brown clay, fair 
sorted; composed of subangular clear 
quartz and milky mineral and abun
dant orange accessory mineral, sparse 
accessory dark and white mica; com
posed of thin trough (possibly in 
part planar) sets of small-scale cross
laminae; weathers to form earthy 
slope. Unit becomes more clayey up
ward and grades to silty claystone in 
top few feet. Unit contains a thin 
light-colored band at base ................. . 

19. Silty claystone, grayish red (5R 4/2) 
from 0.0 to 2.5 ft, grayish red 
(5R 4/2) and dusky yellow (5Y 6/4) 
from 2.5 to 5.0 ft, greenish gray 
(5GY 6/1) with minor grayish purple 
(5P 4/2) and sparse dusky yellow 
(5Y 6/4) from 5.0 to 31.5 ft, and 
grayish red purple (5RP 4/2) from 
31.5 to 37.5 ft, weathering dominantly 
greenish gray (5GY 6/1), commonly 
sandy (very fine grained); firmly 
cemented, noncalcareous; structure
less; weathers to form steep frothy 
slope. Composed of clays that swell 
in water ................................................. . 

18. Sandstone, yellowish gray (5Y 8/1) and 
pale red (5R 6/2), weathering same 
colors, very fine to fine grained, com
mon interstitial white clay, fair 
sorted; composed of subangular milky 
and common orange minerals, com
mon fine-grained accessory biotite; 
firmly cemented, slightly calcareous; 
lenticular unit, stratification poorly 
developed but appears ripple lami
nated, possibly some thin sets of low
angle cross-laminae; weathers to form 
small white ledge. Line of section is 
at place where unit is thickest ........... . 

17. Sandy claystone, pale red purple (5PR 
6/2) with common light greenish gray 
(5GY 8/1) from 0.0 to 13.9 ft and 
grayish red ( 5R 4/2) from 13.9 to 
25.4 ft, weathering pale red purple 
(5PR 6/2) in lower part and pale 
reddish brown (lOR 5/4) in upper 
part, sandy (very fine grained) ; 
firmly cemented, noncalcareous; struc-

472·202 0 • 72 • 22 

Feet Chinle Formation-Continued 
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Petrified Forest Member-Continued 
tureless; weathers to form steep slope. 
Basal 3 ft of unit is very fine grained 
clayey sandstone. Tongues of sand
stone of unit 16 occur in lower 2 to 3 
ft of unit. These tongues are probably 
ripple laminated ................................... . 

16. Sandstone, white (N 9) and minor pink
ish gray (5YR 8/1), weathering very 
pale orange (lOYR 8/2), fine to very 
fine grained, common interstitial white 
material, possibly clay mineral, fair 
sorted; composed of subangular milky 
mineral and about 2 percent orange 
mineral, sparse medium-grained ac
cessory biotite; firmly cemented, 
slightly calcareous; composed of very 
thin to thin trough sets of small-scale 
cross-laminae; weathers to form small 
ledge and light-colored band ............... . 

15. Claystone, greenish gray (5GY 6/1) 
from 0.0 to 11.9 ft, greenish gray 
(5GY 6/1) with grayish-red-purple 
(5RP 4/2) mottles from 11.9 to 13.4 
ft, grayish red ( 5R 4/2 and lOR 4/2) 
from 13.4 to 31.5 ft and grayish red 
purple (5PR 4/2) from 31.5 to 33.0 
ft, weathering dominantly light green
ish gray (5G 8/1) in lower half and 
pale reddish brown ( lOR 5/4) in up
per half, commonly silty and sandy; 
firmly cemented, noncalcareous; struc
tureless except for horizontal color 
bands; weathers to form frothy-sur
faced slope. Composed of clays that 
swell in water. Unit from 26.0 to 29.5 
ft is mostly very fine grained clayey 
sandstone ............................................... . 

14. Sandstone, similar to unit 12 ex
cept stratification is not exposed. 
Along line of section, unit weathers 
to form steep slope and does not con
tain resistant ribs. Fifty feet to west 
of line of section unit contains sev
eral thin horizontally laminated sets. 
These sets locally contain malachite 
stains. About 1,000 ft to the west of 
the line of section a copper prospect 
is located in unit ................................... . 

13. Sandstone, grayish pink (5R 8/2), 
weathering light brown (5YR 6/4), 
medium to coarse grained, common 
interstitial white material (probably 
clay), fair sorted; composed of sub
angular milky minerals and minor 
light orange mineral, abundant acces
sory biotite; poorly cemented, calcar
eous; porous, possibly 5 percent pore 
spaces; composed of thin trough sets 
of small- to medium-scale cross-lami
nae; weathers to form most promi
nent ledge in Chinle Formation. The 
basal few feet of unit contains sand-
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

stone similar to that in unit 12 and 
may intertongue with the underlying 
unit. Unit contains many large-scale 
channels both at the base of the unit 
and within the unit. Unit together 
with the underlying and overlying 
units may correlate with the conspic
uous sandstone in the Chinle Forma
tion in the Fossil Wood Wash section 

12. Sandstone, pale purple (5P 6/2), minor 
grayish yellow green (5GY 7 /2), 
sparse light greenish gray (5GY 
8/1), weathering pale red purple 
(5PR 6/2) and light greenish gray 
(5GY 8/1), very fine grained, com
mon interstitial clay, fair sorted; 
composed of subangular milky and 
minor orange minerals, biotite consti
tutes at least 2 percent of rock; 
poorly to firmly cemented, slightly 
calcareous; composed of horizontal 
laminae and minor thin trough and 
planar sets of small-scale cross-lami
nae; weathers to form steep ledgy 
slope. About 30 percent of unit com
posed of thin lenticular resistant sets 
that form ribs on outcrop. These re
sistant sets are generally cross strat
ified and some may possibly contain 
ripple laminae ....................................... . 

11. Claystone, medium gray (N 5) to green
ish gray (5GY 6/1) from 0.0 to 15.7 
ft, grayish red (5R 4/2), very dusky 
red purple (5RP 2/2), greenish gray 
(5GY 6/1), and medium gray (N 5) 
with minor grayish yellow (5Y 8/4) 
from 15.7 to 39.6 ft, grayish red pur
ple (5RP 4/2) from 39.6 to 42.7 ft, 
grayish red (lOR 4/2) from 42.7 to 
48.9 ft, medium gray (N 5) from 
48.9 to 54.3 ft, moderate yellow (5Y 
7/6) to dusky yellow (5Y 6/4) with 
minor grayish red purple (5RP 4/2) 
and light greenish gray (5GY 8/1) 
from 54.3 to 57.3 ft, greenish gray 
(5GY 6/1) with minor grayish red 
purple (5RP 4/2) from 57.3 to 75.1 
ft, grayish red (5R 4/2 and lOR 4/2), 
grayish red purple (5RP 4/2) with 
minor thin bands of greenish gray 
(5GY 6/1) from 75.1 to 97.8 ft, me
dium-light-gray (N 6) and common 
light-greenish-gray (5GY 8/1) mot
tles from 97.8 to 106.5 ft, weathering 
in lighter shades of these colors; col
ors are in persistent horizontal bands 
on outcrop; rarely silty; firmly ce
mented, consistently noncalcareous; 
structureless except for horizontal 
color bands that probably reflect 
stratification; weathers to form frothy 
slopes. Clays swell on contact with 

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

water. Color band from 75.1 to 97.8 
ft contains one or two thin beds of 
light-greenish-gray ( 5GY 8/1) clayey 
sandstone composed of subangular 
milky minerals and abundant orange 
accessory minerals; medium- to 
coarse-grained biotite comprises at 
least 1 percent of the clayey sand-

11.7 stone ....................................................... . 
10. Siltstone, light greenish gray ( 5GY 

8/1), minor dark yellowish orange 
(lOYR 6/6), and sparse grayish red 
(5R 4/2), weathering light greenish 
gray (5GY 8/1) and grayish yellow 
( 5 Y 8/4) ; firmly to well cemented; 
noncalcareous; weathers to form yel
low color band on steep slope. Away 

1 from line of section, unit locally con
tains thin resistant bed near top. At 
some places unit forms small bench. 
Siltstone commonly stained black 
(possible manganese stain) ................. . 

9. Claystone, grayish red (lOR 4/2) and 
minor grayish red (5R 4/2), weath
ering pale reddish brown (lOR 5/4); 
firmly cemented, noncalcareous; struc
tureless; weathers to form conspicuous 
brown color band on steep slope. Unit 
is commonly sandy and silty. Fifty feet 

17.3 to west of line of section unit contains 
a 2-ft clayey sandstone set near the 
top of the unit. This clayey sandstone 
is grayish red ( 5R 4/2), with minor 
light greenish gray (5GY 8/1) and 
is fine grained; it is poorly sorted and 
is composed of subangular milky min
eral and abundant orange accessory 
·minerals. Biotite constitutes at least 

. ·1 percent of the clayey sandstone. 
Faint suggestion of cross-laminae in 
the clayey sandstone ............................. . 

8. Claystone; greenish-gray (5GY 6/1) 
and light-greenish-gray (5GY 8/1 and 
5G 8/1) rocks comprise about 50 per
cent of the unit and are dominantly 
in the lower half; grayish-red ( 5R 
4/2), grayish-red-purple (5RP 4/2), 
and grayish-purple (5P 4/2) rocks 
comprise the other 50 percent and are 
dominantly in the upper half; weath
ering light greenish gray (5GY 8/1) 
and pale red purple (5PR 6/2) ; firmly 
cemented; noncalcareous; structure
less; weathers to form steep frothy 
slope. Unit exposed at base of main 
exposure of Chinle Formation. Unit 
is locally silty and sandy (very fine 
grained). Clay swells slightly in wa-
ter ........................................................... . 

7. Clayey sandstone to sandy claystone, 
grayish red (lOR 4/2 and 5R 4/2), 
weathering same color, very fine sand 
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Chinle Formation-Continued 
Petrified Forest Member-Continued 

size, sparse fine-grained white mica; 
firmly cemented, noncalcareous to 
slightly calcareous; possibly some 
horizontal laminae; weathers to form 
slope. Surface commonly covered by 
platy flakes of sandstone ..................... . 

6. Silty claystone to clayey siltstone, gray
ish red ( 5R 4/2) in lower 1 ft and 
dark greenish gray (5GY 4/1), and 
medium bluish gray (5B 5/1) in rest 
of unit, weathering grayish red (5R 
4/2) in lower 1 ft and light greenish 
gray (5GY 8/1) in rest of unit; 
poorly to firmly cemented, noncalcare
ous; stratification concealed; weath
ers to frothy-surfaced slope and to 
form light-colored band between red
dish bands. Thickness of unit varies 
along outcrop ......................................... . 

5. Clayey sandstone, light brownish gray 
(5YR 6/1), weathering brownish gray 
(5YR 4/1), very fine grained, minor 
interstitial brown clay, fair sorted; 
composed of subangular milky min
eral; biotite may make up as much 
as 2 percent of the rock; poorly ce
mented, calcareous; stratification con
cealed; weathers to form lowest brown 
band below main outcrop of Chinle 
Formation. Unit commonly contains 
resistant sandstone. This sandstone is 
greenish gray (5GY 6/1), weathers 
brownish gray (5YR 4/1), and is very 
fine grained. It contains abundant 
very fine grained accessory white 
mica, is well cemented (calcareous), 
is ripple laminated and occurs as thin 
sets interstratified with the rest of 
the unit ................................................... . 

Section t'ransfe?Ted on top of unit 4, so that 
unit 5 m.easu?·ed 1,000 ft northwest of unit 
4. Unit 5 and overlying units measured 
up gully sta1·ting about 500 ft no1·thwest 
of fence at boundary of Zion National 
Park (along boundary of sees. 86 and 81). 

4. Clayey sandstone, greenish gray (5GY 
6/1), light greenish gray (5GY 8/1), 
and sparse yellowish gray (5Y 7/2), 
weathering grayish yellow (5Y 8/4) 
in lower few feet and light greenish 
gray (5GY 8/1) and greenish gray 
(5GY 6/1) in rest of unit; very fine 
to fine grained, minor interstitial 
green clay, poorly sorted; composed 
of subangular milky minerals (prob
ably quartz and feldspar), minor am
ber minerals; biotite and muscovite 
make up at least 2 percent of the 
rock; poorly cemented, slightly cal
careous; common to abundant expo
sures of thin, to thick trough sets of 
small- to large-scale low-angle cross-

Feet Chinle Formation-Continued 
Petrified Forest Member-Continued 

laminae; weathers to form long bench. 
Unit contains common to abundant 
carbonaceous material. Concentra
tions of black minerals are common 
along laminae boundaries. Limonite 

6.8 stains occur commonly. Unit contains 
a thin set of resistant sandstone 13 ft 
above base. This sandstone is similar 
to that in the rest of the unit except 
that it is light brownish gray (5YR 
6/1), weathers dark gray (N 3), and 
is well cemented; horizontally lami
nated and platy splitting. About % 
mile to the southeast, unit contains 
several fine to very fine grained well
cemented ripple-laminated sandstone 
lenses. Unit measured up a conspicu
ous wash starting at the highest ex-

2.8 posure of the Shinarump Member. The 
thickness of the unit cannot be deter
mined accurately because the unit 
forms a wide bench ............................... . 

Total of Petrified Forest Member ... . 

Section transfen·ed so that overlying units were 
measured about ¥2 ?nile to the east and north
east. 

Shinarump Member: 
3. Sandstone and conglomeratic sandstone. 

Sandstone, very pale orange (10YR 
8/2) to moderate yellowish orange 
(10YR 7/6), minor grayish yellow 
(5Y 8/4), weathering grayish orange 
( 10 Y R 7 I 4) , coarse to very coarse 
grained, fair to poorly sorted; com
posed of subangular to subrounded 
clear and milky quartz and uncom
mon black accessory minerals, sparse 

6.5 (5 percent) yellow interstitial clay 
(possibly in part limonite) ; poorly 
cemented, calcareous; highly porous; 
composed of thin to thick planar and 
trough sets of small- to medium-scale 
cross-laminae; indistinct stratifica
tion, locally appears structureless. 
Sandstone grades to conglomeratic 
sandstone containing subrounded to 
rounded granules to cobbles of clear 
and colored quartz and, to a lesser ex
tent, of chert, silicified limestone, 
quartzite, and siltstone. Largest di
ameter of clast noted was 3 in. (a 
quartz cobble). Conglomeratic sand
stone generally constitutes about 30 
percent of the unit, but amount is 
variable along exposure. Unit as a 
whole is tabular and weathers to 
form conspicuous cliff and a broad 
bench. Basal contact sharp; basal 
strata fill scours cut as deep as 4 ft 
into the underlying unit. Unit con
tains sparse (2 percent) thin sets of 
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Feet 

16.3 

446.4 
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fine-grained sandstone. Because of 
offset at top of unit, thickness of unit 
is not precise, but it is probably 
within 20 ft of being correct. Unit 
appears to contain thin to very thick 
beds of greenish-gray claystone to 
clayey sandstone on exposures to west. 
Upper part of unit contains common 
carbonized and silicified plant re-
mains ..................................................... . 

Total of Shinarump Member ........... . 

Mottled strata: 
2. Siltstone, grayish red purple (5RP 

4/2), light gray (N 7), and greenish 
gray (5GY 6/1), uncommon pale yel
lowish orange (lOYR 8/6), weather
ing same colors; sparse (less than 1 
percent) and locally common fine to 
very coarse disseminated grains of 
subangular to rounded clear quartz 
and orange and black minerals; well 
cemented, noncalcareous; structure
less, some suggestion of thin horizon-

Feet Chinle Formation-Continued 

48± 

48± 

Mottled strata-Continued 
tal beds; weathers to form purple 
band in vertical cliff continuous with 
that of overlying unit. Basal strata 
fill scours cut as deep as 0.5 ft into 
underlying unit. Unit does not appear 
to persist laterally ............................... . 

Total of mottled strata ..................... . 

Total of Chinle Formation ............... . 

Moenkopi Formation: 
1. Siltstone, grayish red (lOR 4/2), com-

mon grayish yellow green (5GY 7/2) 
and light greenish gray (5GY 8/1), 
weathering same colors; firmly to 
well cemented, noncalcareous to 
slightly calcareous; horizontally lami
nated; weathers to form slope. Only 
top 8 ft of unit examined. A resis
tant layer occurs from 1 to 4 ft below 

Feet 

5.1 

5.1 

499.4 

top of unit .......................................... Unmeasured 
Base of section; not base of exposure. Base of section 

on east side of prominent reentrant southwest of 
West Temple. 
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