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Maurice E. Cooley .

ABSTRACT

Detailed stratigraphic studies were made of the Chinle forma

tion between Holbrook and St, Johns, on the Zuni Plateau, and on 

the northeast flank of the Zuni Mountains. Reconnaissance studies 

were made of the Moenkopi formation. In the upper Little Colorado 

River area a new member, the Mesa Redondo member of the Chinle 

is recognized. This report emphasizes the description of the many 

sandstone beds occurring in the Chinle formation. In the Zuni Moun

tains area the upper Moenkopi^?) sediments, previously believed to be 

typical of the Moenkopi formation in northeastern Arizona, are believed 

to represent later deposition, lying stratigraphically between the "typ

ical" Moenkopi and the Chinle formation.

Major unconformities — pre-Moenkopi, pre-upper Moenkopi(?), 

and pre«Chinle (pre-Shinarump) — and several interformational un

conformities are described, and their relations affecting sedimentation
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are discussed*

A geologic history of the Triassic is included which describes 

the interrelationships of the various depositional sequences and the 

unconformities to the changing physiographic and structural environ

ments. Late Paleozoic to Late Triassic structural movements of 

the larger Mogollon and Uncompaghre highlands and the smaller 

granitic Holbrook ridge, Defiance uplift, and Zuni uplift, as indicat

ed by the type and distribution of sediments, are discussed.
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INTRODUCTION

The brilliant-hued Upper Triassic Chinle formation is exposed 

throughout large areas in the southern part of the Colorado Plateaus 

province. It has been superbly carved by stream and rill action 

into the intricately dissected "painted deserts," badlands, and buttes 

which outline the valleys of the Little Colorado River, Rio Puerco, 

and the Zuni River, Units of the Chinle formation, forming sub

parallel lines of cuestas and strike valleys, border the Zuni Moun

tains and the Defiance Plateau and underlie many areas covered by 

Cenozoic volcanic flows and sedimentary deposits.

Purpose and Scope

The thesis problem includes: (I) The description, lateral

distribution, and correlation of the various units of the Chinle for

mation; and, (2) a discussion of the geologic history of the Triassic 

formations in the area investigated. The preliminary outline for 

this proposed thesis was discussed with Mr, E, D. McKee on June 

7, 1953. When Mr. McKee left the University of Arizona in the 

summer of 1953, Dr. J, F. Lance became the thesis director.

The area under study (pi. 1 and fig. 1), encompassing ap

proximately 9,000 square miles, lies in the region south of the
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Navajo Indian Reservation and north of the Mogollon Rim between 

Winslow, Arizona and Grants, New Mexico. The northern boundary 

is along the courses of the Little Colorado River and the Rio Puerco, 

and the western, southern, and eastern boundaries are vaguely de

fined, because in these areas, the Triassic sediments are either 

covered by Cretaceous and volcanic rocks or are absent by erosion* 

Intensive studies were made only on the northeastern flank of the 

Zuni Mountains, within the confines of the Zuni Indian Reservation, 

along the Rio Puerco, and in the upper part of the valley of the 

Little Colorado River between Holbrook and St. Johns. Investiga

tion in the other included areas and border regions was mostly re 

connaissance.

Detailed mapping was not attempted because of the extensive

ness of the area. However, some parts of this and nearby regions 

have already been mapped, including the Navajo Indian Reservation 

along the northern border (Harshbarger, Repenning, and Callahan,

U. S. Geol. Survey Prof. Paper, in preparation) and the area be

tween Springerville and St. Johns (Field Parties from the University 

of Texas, Directed by Dr. R. K. DeFord). Central Apache County 

is currently being mapped by J. P. Akers as part of a ground- 

water study of the county. The top of the Permian is  the only 

horizon that is easily recognized in the subsurface throughout the 

region, consequently it is used as a datum to which all measurements
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and correlations are referred. This necessitated considerable at

tention to the Triassic formations below the Chinle formation, and 

to a lesser degree, the upper units of the Permian. The top of 

the Permian is easily recognized in drillers8 logs of wells which 

penetrate into the Permian formations. Therefore, in order to 

obtain exact thicknesses, the measured sections were correlated 

with selected well logs throughout the area.

Previous Investigations

The upper drainage area of the Little Colorado River, except 

for that portion which lies adjacent to U. S. Highway 66, had been 

largely bypassed by geologists until the present uranium rush. The 

first survey of the region was made by Darton (1910 and 1925) in 

preparation for the compilation of the State geologic maps of Arizona 

and New Mexico. Ward (1901) studied and named Triassic rocks 

exposed in the valley of the Little Colorado River, and he named 

the Moenkopi formation from exposures near Cameron, Arizona. 

Gregory (1917) named the Chinle formation and subdivided it into 

four members within the area of the Navajo country. Camp (1930) 

studied the fauna of the Chinle formation in the Petrified Forest 

National Monument area. McKee (1954) included the upper valley 

of the Little Colorado River as part of his regional study of the 

Moenkopi formation. Several investigations being made by the
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U. S. Geological Survey within parts of the upper drainage of the 

Little Colorado River are in varying degrees of preparation. These 

are the present ground-water investigation of the Navajo and Hopi 

Indian Reservations (Harshbarger, Repenning, and Callahan, U. S, 

Geol, Survey Prof, Paper, in preparation), Colorado Plateau min

eral deposits studies headed by Jack Stewart (field work in progress), 

and a ground-water study of Apache County, Arizona, by J. P.

Akers.
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PERMIAN STRATIGRAPHY

The Permian units which lie below the Trlassie in the upper 

drainage area of the Little Colorado River are the Coconino sand

stone, DeChelly sandstone, and the Kaibab limestone in Arizona, 

and the San Andres formation in New Mexico (table 1). Underlying 

these units, but exposed only in the fringe portions of the area in

vestigated, are the Supai, Abo, and Yeso formations.

Coconino Sandstone

The Coconino sandstone is composed of light gray to light 

buff, very fine- to fine-grained, rounded, well-sorted, quartz 

grains which are bonded together by siliceous and calcareous ce

ments. The Coconino is characterized by high-angle large-scale 

crossbedding similar to that of modern eolian deposits. The li

thology of the Coconino is uniform throughout the valley of the 

Little Colorado River.

DeChelly Sandstone

The crossbedded DeChelly sandstone, exposed in several 

"saw-cut” canyons carved below the summit of the Defiance Plateau, 

is divided into two units — the upper and lower sandstone members.
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Table 1*—Chart showing stratigraphic column and generalized 
correlation of the Permian, northeastern Arizona 
and northwestern New Mexico,

Valley of the Little 
Colorado River Defiance Uplift Zuni Mountains

Kaibab limestone San Andres 
formation

limestone
member

Coconino sandstone DeChelly
sandstone

Glorieta
sandstone
member

Supai
formation

Yeso
formation

Supai formation Abo
formation

The upper member of the DeChelly is rather similar to, and has in 

part been correlated with, the Coconino sandstone (McKee, 1934b; 

Irwin and Stevens, Permian stratigraphy of the Navajo country, in 

Harshbarger, Repenning, and Callahan, U, S. Geol, Survey Prof, 

Paper, in preparation). The DeChelly is composed of grayish«orange 

pink to moderate reddish-orange, fine- to medium-grained, fa ir- 

sorted, subrounded and subangular quartz grains which are bonded 

mainly by calcareous cement. The lower member is lithologically 

similar to the upper member, but contains crossbeds of both eolian 

and fluvial types. In the southern part of the Defiance Plateau the 

two sandstone members of the DeChelly are separated by a tongue
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of flat-bedded siltstone which can be traced from the Supai forma

tion.

In Bonito Canyon at Fort Defiance a series of grayish-red and 

reddish-brown, flat-bedded, fine-grained sandstones and silty sand

stones lie between the Shinarump member of the Chinle formation 

and the DeChelly sandstone (section PF-35). These sediments are 

about 120 feet thick and were deposited upon a flat erosion surface 

which has no apparent relief in Bonito Canyon. Some of the beds 

contain small-scale trough and planar crossbedding structures. Al

though these sediments are not similar to either the DeChelly sand

stone or to the Moenkopi formation exposed a few miles to the south, 

they are believed to be more closely related to Permian sedimentary 

types.

Kaibab Limestone

The uppermost Permian unit in northern Arizona is the Kaibab 

limestone which is exposed on the Mogollon slope south and west of 

Winslow and in shallow canyons a few miles southeast of St, Johns. 

Near Winslow the Kaibab consists of a thick flat-bedded series of 

relatively pure limestone and arenaceous limestone which range in 

color from very pale orange, grayish-orange to yellowish-gray, or 

to grayish-white. The Kaibab is a dense, fine-grained, occasionally 

cherty and brittle limestone forming irregular bluffs, ledges, ami
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cliffs caused by weathering along bedding and joint planes.

The Kaibab limestone within the general area of Holbrook, 

Snowflake, and Concho varies in thickness from zero along the 

edge of pinchout, 5 miles south of Holbrook, to about 30 feet 10 

miles north of Concho. The line of pinchout is very irregular 

which may be due to the pre-Moenkopi erosion. Southwest and 

west of this general area the Kaibab limestone progressively 

thickens, and approximately 300 feet of limestone have been re

ported in water wells drilled near Long Valley. Between Holbrook 

and the Arizona-New Mexico State line, logs of several wells pen

etrating Permian sediments indicate that no limestone was encountered 

above the Coconino (DeChelly) sandstone.

An exposure of Kaibab limestone in a road cut along State High

way 77, three miles north of Snowflake, is composed of approxi

mately 20 feet of sandy limestone ranging in color from pale yellow

ish orange to very pale orange. The sand is very fine grained and 

the limestone contains accessory mica and dark minerals. Here 

the Kaibab is thin to very thin, flat and lenticular bedded with some 

layers containing small-scale medium-angle crossbedded structures.

Exposures of Kaibab limestone in a tributary canyon to the 

Little Colorado River which breaches the Cedar Mesa anticline, 

five miles southeast of St, Johns, are yellowish-gray, dense, 

relatively pure finely crystalline limestone. The limestone is  flat.
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thin to thick bedded, but in places gnarly features interrupt the 

general flat-bedded appearance of the formation. In this area 

erosion has not exposed the base, but logs of wells drilled in 

nearby regions indicate the Kaibab has thicknesses ranging from 

50 to over 200 feet (J, P» Akers, personal communication). In 

this canyon area the exposed Kaibab does not contain any sand, 

but sandy limestone was reported by Huddle and Dobrovolny (1945) 

in the log of the Argo Oil Corp, State Zuni Creek No, 2 test well. 

They described the Kaibab as consisting, in descending order, of 

80 feet of pure limestone, 20 feet of limy sandstone, and 80 feet 

of sandy limestone.

San Andres Formation

The San Andres formation underlies the Triassic in the Zuni 

Mountains and is subdivided into two members — the limestone 

member and the Glorieta sandstone member. The limestone mem

ber consists of a light gray, hard, dense limestone which is highly 

fossiliferous and contains some chert. It is flat, thin to thick bedded, 

weathers blocky, and forms irregular ledges and dip slopes. The 

limestone varies in thickness from zero, from an irregular line of 

pinchout beneath Mesa de los Lobos, to a maximum thickness of 

about 100 feet, exposed high in the Zuni Mountains. The limestone 

member is either absent or is questionably present in logs of wells
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drilled along the northeastern flank of the Zuni Mountains between 

Fort Wingate and Thoreau (Cooley, Davis, and Hardt, Triassic 

aquifers of the Navajo country, _in Harshbarger, Repenning, and 

Callahan, U, S. GeoL Survey Prof. Paper, in preparation). This 

absence of the limestone member in the Fort Wingate area also was 

noted by Sam West (personal communication) who obtained similar 

results from interpretation of well-log data.

The Glorieta sandstone member of the San Andres formation 

is composed of very pale orange to pale reddish-brown, very fine- 

to coarse-grained, poorly to well-sorted, calcareous quartz sand. 

The sandstone is thick to very thick bedded and is prominently 

crossbedded. It has a thickness of 90 feet in a deep well at the 

Thoreau Day School and 200 feet near Fort Wingate.
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TRIASSIC STRATIGRAPHY 

Lower Boundary of Triaasic Rocks

Within the area studied the erosion surface between Permian 

and Triassic rocks has a relief that varies from less than five feet 

in the Winslow-Holbrook area to about 100 feet in the Zuni Moun« 

tains. This widespread unconformity has been discussed by Dake 

(1920), Longwell (1925), and McKee (1938 and 1954), and by many 

other workers in the Colorado Plateau region.

Physically, in the upper drainage of the Little Colorado River 

the unconformity represents a long period of erosion which lasted 

from the middle Permian to the Lower and Middle (?) Triassic. 

Erosion began at the cessation of Kaibab and San Andres deposition 

and continued until the beginning of Moenkopi sedimentation. The 

shortest period of erosion occurred in the Winslow^Holbrook area 

where the Lower Triassic Wupatki member of the Moenkopi forma

tion lies on the Kaibab limestone of Leonard age (McKee, 1938, p. 

169-172). Longer periods of erosion are indicated on the Defiance 

Plateau and in the St. Johns area in which the early Triassic mem

bers of the Moenkopi formation are absent and the Holbrook member 

of Lower or Middle(?) Triassic age (Wells, 1947, p. 286) overlies
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the DeChelly sandstone of Leonard age (Read, 1951, p. 83) and 

the Kalbab limestone. In the Zuni Mountains the upper Moenkopi(?) 

sediments of Middle^?) or Upper (?) Triassic age were deposited on 

an old karst surface developed on the limestone member of the San 

Andres formation of lower Guadalupian age (Newel, 1953, p. 15).

In summary, the hiatus represented by the unconformity becomes 

progressively greater eastward across the upper drainage of the 

Little Colorado River in northeastern Arizona and northwestern 

New Mexico.

Pre~Moenkopi Unconformity

In the western part of the area near Winslow the pre-Moenkopi 

unconformity is essentially flat with a local relief of one to three feet. 

Here the erosion surface parallels the bedding of the Kaibab with no 

noticeable angularity, suggesting only a moderate amount of stripping 

had occurred before the deposition of Moenkopi sediments. However, 

east of Winslow in the vicinity of Holbrook, the stripping may have 

removed considerable Kaibab as the unconformity is cut partly on 

the Coconino sandstone. Although the local relief is slight, the 

unconformity is easily observed in the field as it occurs between 

the reddish-brown thin-bedded sandy siltstones of the Moenkopi for

mation and the light buff Kaibab limestone or the crossbedded Coconino 

sandstone.
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Near St. Johns pre-Moenkopi erosion developed a karst to

pography on the Kaibab limestone that has a relief of 20 feet.

Here, a medium- to coarse-grained basal sandstone unit of the 

Holbrook member of the Moenkopi rests unconformably on 10 to 

25 feet of rubble breccia. The rubble is composed of an aggregate 

of limestone blocks and some sandstone which had been deposited 

within the intervening fractures and is firmly cemented by calcareous 

m aterials.

In the Holbrook-Showiow area pre-Moenkopi erosion may have 

stripped of large amounts of the Kaibab, as less than 50 feet of 

limestone have been reported in logs of drilled wells. Sedimentary 

conditions, as outlined by McKee (1951, pL 2), indicate that Permian 

deposition was essentially uniform throughout this area. If this is 

the case, then the Kaibab in this area should be about 250 feet 

thick, as thicknesses of nearly 300 feet have been reported in li

thologic logs of wells drilled near St. Johns and Long Valley.

The pre-Moenkopi unconformity is not well exposed on the 

Defiance Plateau because in the central and northern portions it 

has been removed by post-Moenkopi erosion; and in addition, the 

unconformity, where preserved in the southern portion, is obscured 

by colluvium-residual m aterials. However, some good exposures 

do occur near Black Creek and have been described as having a 

local relief of one and two feet (Repenning, Cooley, and Akers,
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Pre-Wingate Trlassie stratigraphy of the Navajo country, in 

Harshbarger, Repenning, and Callahan, U« S. Geol. Survey Prof. 

Paper, in preparation). In the Defiance area the erosion surface 

is believed to be less flat than it is farther west, but it consists of 

many small channels cut into the underlying DeChelly sandstone 

which were filled by sediments of the Holbrook member.

Moenkopi Formation

The Moenkopi formation of Lower and Middle(?) Triassic age 

(Wells, 1947, p. 286) was named by Ward (1901, p. 17) for a se

quence of brownish-red siltstones, mudstones, and silty sandstones 

lying between the Permian Kaibab limestone and the Upper Triassic 

Shinarump member of the Chinle formation which are exposed at 

the mouth of Moenkopi Wash, three miles downstream from Cameron.

In the valley of the Little Colorado River McKee (1954, p. 19) 

has subdivided the Moenkopi formation into three members. He 

named the basal member, the Wupatki, as consisting of a lower 

siltstone and mudstone and an upper silty sandstone from exposures 

in the Wupatki National Monument; the medial member, the Moqui, 

which contains large amounts of gypsum from exposures near Moqui 

station, eight miles west of Winslow; and the upper member, the 

Holbrook, a series of lenticular sandstones and siltstones, previously 

named the Holbrook sandstone member by Hager (1922, p. 73) for
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the cliff-forming units capping the bluffs rising above the town of 

Holbrook, .

Wupatki Member

The Wupatki member of the Moenkopi formation can be di

vided into two mappable units — a lower silty slope and an upper 

ledge-forming sandstone. McKee (1954) refers to this sandstone, 

informally, as the "lower massive" sandstone, and indicates that 

it is an excellent marker bed in the valley of the Little Colorado 

River.

The lower unit of the Wupatki member in the type area is 

composed of approximately 95 feet of reddish-brown siltstone con

taining thin lenticular beds of silty sandstone, which together form 

an irregular and "hackly" ledge and slope topography. Lenticular 

units containing abundant ripple marks and a few salt casts are 

common in this area. The upper sandstone unit is a light grayish- 

pink to a reddish-gray, poorly to fair-sorted, very fine- to fine

grained sandstone locally containing minor amounts of silt. It is 

siltier in the upper portion and grades upward into the Moqui mem

ber. The sandstone is about 20 feet thick and is lenticular bedded. 

It is commonly crossbedded with low-angle, small- to medium-scale 

crossbeds of simple and trough types. The base is sharp and has 

a relief of one or two feet, but in places a small narrow channel is 

exposed.
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Upstream from the type area the lower siltstone unit of the 

Wupatki member gradually thins to the southeast in the valley of 

the Little Colorado River. In exposures near U. S. Highway 66, 

about 10 miles west of Winslow, the sandstone unit at the top is  

separated by less than five feet of siltstone from the base of the 

Moenkopi formation. Continuing upstream the sandstone unit lies 

unconformably on the Coconino sandstone, one mile south of Hol

brook, and on the Kaibab limestone, three miles north of Snowflake.

Moqui Member

The Moqui member of the Moenkopi formation is a thin, flat- 

bedded, lenticular series of pale brown gypsiferous siltstones and 

mudstones which alternate with thin and thick-bedded gypsum layers. 

Many channels filled by silty sandstone exhibit large-scale very low 

and low-angle crossbeds. Eastward and southward from Winslow the 

gypsiferous beds grade into, or are replaced by siltstone and silty 

sandstone units. The upper part of the Moqui member is believed 

to be exposed at the bridge where U. S. Highway 260 crosses the 

Little Colorado River near Hunt. Here, only the upper 15 feet of 

thin-bedded, very fine- to fine-grained sandy siltstone is exposed.

The Moqui member is 55 feet thick at Winslow, 85 feet thick 

at Holbrook, and about 50 feet thick at Hunt. This variation is due 

to the definition of the upper contact as the base of the lowest
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sandstone bed that has a lithology similar to the overlying Holbrook 

member, rather than to a regional trend in deposition. East and 

southeast from Holbrook the Moqui member thins and it cannot be 

recognized on the Defiance Plateau or southeast of Hunt (fig. 2).

Holbrook Member

The Holbrook member of the Moenkopi formation forms prom

inent reddish-brown bluffs outlining the north side of the valley of 

the Little Colorado River between Winslow and Holbrook. Unless 

eroded, the Holbrook member is present either at the surface or 

in the subsurface in the Little Colorado River area west of the 

Arizona-New Mexico State line. The member ranges in thickness 

from 48 feet at Holbrook to about 160 feet near Taylor and between 

100 and 200 feet on the southern part of the Defiance Plateau; it has 

a thickness of 94 feet at Woodruff B utte^ , 100 feet near Hunt, and 

60 feet on Cedar Ridge, five miles south of St. Johns.

The Holbrook member was deposited on a prominent erosion 

surface which developed after or terminated the deposition of the

V Because the contact between the Holbrook member and the 
overlying Chinle formation at Woodruff Butte is vague, measured 
thicknesses of the Holbrook member have varied from 60 to over 
200 feet.
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Moqui member. The amount of erosion that occurred prior to the 

deposition of the Holbrook member probably was slight with little 

stripping of the underlying Moqui member. However, nearer the 

source areas and nearer the centers of epirogenetic movements 

such as the Defiance uplift and the newly formed Triassic Mogollon 

highlands, stripping was more severe exposing the underlying P er

mian rocks. The pre-Holbrook unconformity generally has a local 

relief of less than 20 feet with maximum relief developed in the 

St. Johns area.

Description of the Holbrook member.—In the type area at 

Holbrook the member consists of pale red, thin- to thick-bedded 

sandstone channel deposits and some lenticular thin-bedded siltstone 

units. The sandstone is poorly sorted, very fine to medium grained, 

and contains considerable silt. The sandstone beds are lenticular 

and wedge shaped, containing small- to medium-scale low- to medi

um-angle trough type crossbedding. Limestone and mudstone pellet 

conglomerate lenses which grade laterally into sandstone are common 

in the member. These limestone conglomerate beds are more nu

merous in the lower portion, and in places a mudstone pellet con

glomerate lies at the base of the Holbrook member. At Woodruff 

Butte the member comprises a lower 60 feet of sandstone with 

some mudstone layers, and an upper 34 feet of siltstone alternating
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with some thin sandstone and nodular limestone beds (section PF«

34), The siltstone is mottled grayish red and light greenish gray.

The bedding is thin, flat, and lenticular containing ripple marks 

and pseudo crossbedding.

Southeast of St» Johns the Holbrook member consists of a 

basal zone of rubble breccia derived from the Kaibab limestone 

(sections PF-19 and PF-120). Unconformably overlying the rubble 

breccia is a sandstone, 5 to 20 feet thick, composed of a yellowish- 

gray, silty, fine- to medium-coarse sand. The sandstone is both 

flat and crossbedded and shows lateral changes from thinly bedded 

into large-scale lenticular and tabular very low-angle crossbeds.

Some pseudo crossbeddipg is present and ripple marks are preserved, 

some of which measure four inches from crest to crest. Above the 

sandstone, comprising a rather indefinite zone 20 feet thick, is a 

series of very fine- to coarse-grained lenticular crossbedded sand

stone beds which alternate with flat-bedded mudstone units. The 

sandstone beds contain few chert pebbles with a maximum diameter 

of 3/8 inch. The remainder of the member ranges from 30 to 40 

feet in thickness and is primarily mudstone with minor amounts of 

thinly bedded, very fine- to fine-grained sandstone.

In the area south and southwest of the Little Colorado River 

the Holbrook member is somewhat coarser grained with ledge

forming sandstone beds more prominent. A large channel, two
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miles north of Shumway and one mile east of State Highway 77, is 

about 75 feet in the deepest part, It is filled with fine- to medium

grained sandstone containing lenses of coarse-grained sand, all of 

which are crossbedded with lenticular small- to medium-scale low- 

angle trough and planar types. This channel deposit thins laterally 

to about 20 feet within 1/2 mile, and it is believed to be the basal 

part of the Holbrook member in this area. In a valley 12 miles 

east of Snowflake, locally called Hay Hollow, a very fine- to 

medium-grained sandstone bed at least 40 feet thick was measured; 

the top of this sandstone is concealed by slumpage (section PF-121), 

An exposure on a small butte, about five miles east of Taylor, con

sists principally of crossbedded sandstone and silty sandstone units 

that form an alternating sequence approximately 150 feet thick.

Here, carbonized plant fragments which tend to be concentrated in 

small lenticular channels are associated with some mud pellet and 

limestone conglomerate beds.

On the Defiance Plateau the Holbrook member is finer grained 

and contains higher percentages of siltstone and mudstone. In this 

area the member consists of siltstone-mudstone units, having a 

maximum thickness of 50 feet and silty sandstone and sandstone 

which have thicknesses of less than 15 feet. The sandstones are 

generally very fine to fine grained but some contain medium-grained 

particles. They are crossbedded with small- to medium-scale trough



24

types of cross-stratification,,

Stratigraphic relations. -—Because the Holbrook member is 

located stratigraphically between two unconformities, the pre-Moenkopi 

(pre-Holbrook member) and pre-Chinle unconformities, the thickness 

and, indirectly, the lithology of the member varies throughout the 

area, Thus, at Holbrook where the Shinarump member of the Chinle 

overlies the Holbrook member only about 50 feet of sandstones are

exposed, but only 10 miles to the southeast where the Shinarump is
'

not present, the Holbrook member is 90 feet thick and includes in 

addition to the basal sandstone units, a series of siltstone beds.

This relation between the lithology of the Holbrook member and the 

amount of pre-Chinle erosion is well shown near St. Johns (fig. 3), 

and to a lesser degree on the Defiance Plateau.

In the Taylor area the number of sandstone beds increases in 

the Holbrook member and are coarser grained than in the valley of 

the Rio Puerco either at Holbrook or near the Defiance uplift. Near 

Taylor the channeling is prominent and the bedding is more lenticular 

than those features exposed in the type area. Quartz-jasper pebbles 

are found within the member only in the southern area. In con

clusion, the lithology and bedding features suggest that the Holbrook 

member was deposited prim arily by stream s having a source to the

south.
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Upper Moenkopi(?) Sediments

A series of reddish-brown sediments underlying the Chinle 

formation on the northeastern flank of the Zuni Mountains have 

been generally considered as an eastern facies of the Moenkopi 

formation, perhaps correlative with the Holbrook member* How

ever, during this investigation it became increasingly apparent that 

these sediments are not related to the Moenkopi formation of the 

Little Colorado River area, but consist of somewhat different sets 

of lithologies,

Pre-Upper Moenkopi(?) Unconformity

The erosion that occurred prior to the deposition of the upper 

Moenkopi(?) sediments in the Zuni Mountains had been more vigorous 

than that which formed the pre-Moenkopi surface in the valley of the 

Little Colorado River, Channels about 50 feet deep have been formed 

which in places have cut through the limestone member and into the 

underlying Glorieta sandstone member of the San Andres formation.

One such channel can be observed a few miles south of Fort Wingate 

Indian School, Study of logs of wells drilled near U, S* Highway 66 

indicate that some of these wells have penetrated the Glorieta sand

stone member without encountering the limestone member.

In the area between Fort Wingate and Grants the upper Moenkopi(?)
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sediments were deposited on a karst topography developed on the 

limestone member of the San Andres, Within this area channeling 

appears to be subordinate to the more typical karst types which are 

formed on limestone. The local relief ranges up to about 30 feet. 

Near Lake Bluewater the karst zone is irregular with the ’’lows'* 

filled by silty and sandy material of the upper Moenkopi(?) sedi

ments, or composed of rubble breccia that is cemented by impure 

calcareous and siliceous m aterials. In some areas silica has either 

replaced the limestone or has formed in cavities with layers attain

ing a maximum thickness of five feet. Small angular fragments of 

the limestone member, some of which are fossiliferous, occur within 

the siliceous material.

In one exposure west of Lake Bluewater and south of Thoreau, 

a deposit which appears to be a cave filling is preserved within the 

limestone member of the San Andres and is exposed in a bank of a 

small wash. Small partly carbonized logs of petrified wood 3 to 8 

inches in diameter lie buried on the floor of this ’’cave.’’ These 

logs are surrounded by a matrix of limy and silty sandstone con

taining limonite stains which form a layer about one foot thick upon 

the bottom of the "cave.” Overlying this sandy layer are thinly 

bedded bluish- to yellowish-gray layers of silty sandstone, mud

stone, and claystone containing thin bands of limestone fragments 

apparently derived from the adjacent limestone member. This is
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overlain by limestone blocks bonded together by a calcareous ce

ment. Although talus and slump materials obscure the contacts 

above the blocky limestone, upper Moenkopi(?) sediments are be

lieved to lie above the cave deposit, as these sediments are ex

posed only a short distance away laterally in this stratigraphic 

position.

Description

Within the area of the Zuni Mountains, exposed primarily 

from Fort Wingate to several miles south of Grants, are several 

lithologic units which are not typical of any Triassic units exposed 

either to the west in the Little Colorado River area and the Defiance 

Plateau, or to the east in the Rio Grande Valley, These sediments, 

informally referred to in this report as the upper Moenkopi(?) sedi

ments, consist of reddish-brown and light brown lenticular sand

stones, conglomerates, and siltstones with some light greenish and 

bluish-gray siltstones and mudstones. They occur stratigraphically 

between the channeled unconformity underlying the Chinle formation 

and the karst topography eroded on the top of the San Andres forma

tion, Because of the relations to these two unconformities, the 

thickness is very irregular and generally is less than 75 feet, but 

in several exposures, like the one south of the Fort Wingate Indian 

School, it is more than 100 feet thick.
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Fort Wingate area* -"The upper Moenkopif?) sediments exposed 

in bluffs and road cuts along the McGraffey Road, three miles south 

of Fort Wingate Indian School, consist mostly of a slope unit about 

75 feet thick and a capping ledge-forming unit 25 feet thick (section 

PF-123)o The slope unit is composed principally of flat-bedded 

sandy siltstone and silty sandstone but also includes many channels 

filled with silty sandstone. These channels generally range from 

1/2 to 20 feet in depth and can be traced laterally about 100 feet.

The largest channel observed is 30 feet deep and about 150 feet 

wide.

The flat-bedded silty sandstone is grayish red, pale reddish 

brown, and blackish red ranging from silt to fine-grained sand. It 

is partly lenticular bedded and has some very low- to low-angle 

small- to medium-scale crossbedding types. The channel deposits 

are filled with a pale and grayish-red silty fine-grained sandstone 

this being weakly to firmly cemented. The channels are prominently 

crossbedded with lenticular low- to medium-angle small- to large- 

scale trough types and commonly contain siltstone pebbles deposited 

along crossbedding planes.

The capping ledge-forming unit is a grayish-red and pale 

reddish-brown sandstone and conglomerate (fig, 4), The matrix is 

a fine- to very coarse-grained sandstone which surrounds pebbles 

having a long dimension of 3-1/2 inches. The gravel is concentrated
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Figure 4, —Upper ledge-forming unit of the upper 

Moenkppl(?) sediments, three miles south of 

Fort Wingate Indian School, New Mexico.



30



31

in the lower part of the unit, It is crossbedded with a medium- 

to low-angle small- to large-scale trough type. This conglomeratic 

sandstone has been mistaken frequently for the Shinarump member 

of the Chinle formation in this area; however, field relations in

dicate that it underlies the pre-Chinle unconformity.

Grants area, —In an area extending from Lake Bluewater 18 

miles west of Grants, to the southeast-plunging nose of the Zuni 

uplift 10 miles south of Grants, the upper Moenkopi(?) sediments 

range from 60 to 125 feet in thickness, consisting in ascending 

order of: (1) Zone of mudstone and rubble breccia; (2) lower

brownish slope unit; (3) conglomeratic ledge-forming unit; (4) 

upper brownish slope unit; and, (5) mottled ledge-forming sand

stone (fig. 5).

The lowest unit (1), comprising a weathered or bleached 

zone, is greenish-white or yellowish-white silts tone and mudstone 

that in some localities attains a thickness of 40 feet, The basal 

part of this zone commonly contains lenticular and irregular layers 

of hard chert, limestone fragments cemented by chert, and lime

stone blocks forming discontinuous piles of rubble breccia. Many 

"nodules" or small lenticular beds of conglomerate composed of 

quartz and jasper pebbles are within the brecciated mass.

Unit (1) apparently grades upward and laterally into grayish-



Figure 50 —Stratigraphic relations of the upper Moenkopi(?) sediments near Lake 
Bluewater, New Mexico* Zone of rubble breccia (J), lower brownish-slope unit 
(2), conglomeratic ledge-forming unit (3), upper brownish-slope unit (4), and 
mottle ledge-forming sandstone*
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red, pale reddish-brown, and dark reddish-brown mudstone, silt- 

stone, and silty sandstone of the lower slope unit (2) which is 24 

to 40 feet thick. The grain size of this slope unit ranges from 

clay to fine-grained sand. The unit is flat and lenticular and 

generally thinly bedded, with some of the sandier beds containing 

small-scale crossbedding features.

Unit (3) is a pale red purple to light gray ledge-forming con

glomeratic sandstone which lies unconformably above the brown slope 

unit, This conglomeratic sandstone is very lenticular and varies from 

5 to 15 feet in thickness, and where exposed, lies between 25 and 

50 feet above the base of the upper Moenkopi(?) sediments. The 

matrix is composed of very fine- to medium-grained, sub angular 

to subrounded, clear and stained quartz grains that are poorly sorted 

and firmly cemented. Pebbles, chiefly of rounded quartz and jasper, 

have an average diameter of 3/8 inch and some have a maximum 

diameter of 2 inches. The unit is crossbedded chiefly with a 

lenticular, low- to medium-angle, medium-scale trough type but 

also includes other types of small-scale crossbedding features.

Overlying the ledge-forming conglomeratic sandstone is the 

upper brownish-slope unit (4), which is generally 30 to 50 feet 

thick and is lithologically similar to the lower brownish-slope 

unit (2).

The top unit (5) is a ledge-forming, mottled pale yellowish-
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brown to a very pale orange sandstone. It is a very fine- to fine

grained sand containing minor amounts of medium-grained sizes — 

all of angular clear quartz. The sand is fair sorted and weakly 

to firmly bonded by a calcareous cement. The sandstone bed is 

lenticular, thin to thick bedded and has low- to medium-angle, 

medium- to large-scale trough type crossbedding. It contains nu

merous limestone pebbles (possibly derived from the San Andres 

formation), beds of limestone conglomerate, and a few 3/4-inch 

quartz pebbles. Locally, the crossbeds grade into channel deposits 

containing pseudo crossbedding forms. The unit has abundant 

ripple marks and a few shrinkage cracks. The upper contact with 

the overlying Chinle formation is generally obscured by slump ma

terials and cannot be observed in detail in the field. The lower 

contact is sharp and irregular with a relief less than three feet, 

but like the upper contact, it is generally concealed.

Local Relationships

Within the upper Moenkopi(?) sediments only two sandstone 

units have diagnostic lithologies that can be used for correlation 

in the Zuni Mountains area. The prominent conglomeratic sand

stone bed exposed south of Fort Wingate cannot be traced directly 

eastward into the area of Lake Bluewater because much of the in

tervening area is timbered or covered by slump age derived from 

the overlying Chinle formation. Thus, the lenticular conglomeratic
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sandstone, unit (3), at Lake Bluewater may have been continuous 

with the conglomeratic sandstone bed south of Fort Wingate or may 

have been deposited at the same approximate time but not directly 

connected. As these units contain a high percentage of quartz 

pebbles with few or no limestone pebbles, the source may have 

been to the north or northeast where stream s depositing this unit 

would not have crossed large exposures of the San Andres forma

tion.

The upper mottled ledge-forming sandstone, unit (5), is be

lieved to be a continuous unit in the Grants area except where it 

has been truncated by pre-Chinle erosion. However, west of a 

point five miles west of Lake Bluewater this unit is not exposed, 

and it has not been recognized south of Fort Wingate.

Regional Relationships

The upper Moenkopi(?) sediments of the Zuni Mountains, 

being composed of somewhat different lithologies than typically 

considered for the Chinle formation, Moenkopi formation, or 

Triassic sediments exposed in central New Mexico, are believed 

to have been deposited as a transitional phase between the Moenkopi 

and Chinle formations. The number of unconformities underlying 

the prominent sandstone and conglomerate beds indicate that sedi

mentation was not continuous, but was interrupted from time to
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time. If the extensive development of karst topography, the most 

pronounced in the southern part of the Colorado Plateau, is an 

"age" criterion, then the time involved from the cessation of dep

osition of the Kaibab limestone and the San Andres limestone to 

the beginning of deposition of the upper Moenkopi(?) sediments is 

greater than that involved between the Permian limestones and the 

Holbrook member of the Moenkopi, As the coarse conglomeratic 

units containing quartz-jasper pebbles in the Zuni Mountains area 

are not present within the Holbrook member on the Defiance 

Plateau, only 25 miles away,, and the limestone conglomerate, typ

ical of the Holbrook member in the Holbrook-Defiance Plateau area, 

is not present in the upper Moenkqpi(?) sediments, it is possible 

that these two units are not related. Further evidence is the fact 

that petrified wood occurs in outcrop areas of the upper Moenkopi(?) 

sediments and that petrified wood within these sediments was also 

reported in a log of a well drilled near the Fort Wingate Indian 

School. At no place in the Little Colorado River area has petrified 

wood been observed or described from the Moenkopi formation.

In summary, although the data are not conclusive, I believe 

the upper Moenkopi(?) sediments were deposited either in Middle(?) 

or Upper (?) Triassic time during part of the interval between the 

Holbrook member of the Moenkopi and Chinle deposition or repre

sent an eastern facies of the Holbrook member. The first hypothesis
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is favored; however, as these sediments have been called part of 

the Moenkopi formation by McKee (1954), Harshbarger, Repenning, 

and Callahan (U. S. GeoL Survey Prof, Paper, in preparation), 

and other investigators, they may be included as part of the Moenkopi 

formation. Therefore, within this report the upper Moenkopi(?) 

sediments are not given a formal name, but for convenience, they 

are considered as the uppermost part of the Moenkopi formation.

Pre«Chinle (Pre«Shinarump) Unconformity

The pre-Chinle unconformity, known more commonly for the
2/past 75 years as the pre-Shinarump unconformity- , is the most 

widespread and "rugged" ancient erosion surface preserved on the 

Colorado Plateau. In most of this area it separates the Upper 

Triassic Chinle sediments from the Lower and Middle(?) Triassic 

Moenkopi formation, but on the Defiance Plateau it lies upon the 

Permian DeChelly sandstone.

In the Little Colorado River area, pre«Chinle erosion carved

2/ The Stratigraphic Names Committee of the U. S. Geological 
Survey has reduced the Shinarump conglomerate from a formation to 
the basal member of the Chinle formation. Accordingly, it is feasible 
to change the pre-Shinarump unconformity to pre-Chinle unconformity.
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a surface of considerable relief on the top of the Moenkopi forma

tion and DeChelly sandstone. Buried ridges and hills as high as 

200 feet composed of Moenkopi sediments formed the divide areas 

of the pre-Chinle drainage. Conglomerate and sandstone layers of 

the Shinarump member were laid down in the intervening valleys, 

but in the highland areas finer-grained sediments of the Red or 

Mesa Redondo members of the Chinle formation re st directly upon 

the Moenkopi formation (figs. 6 and 7). Locally channels ranging 

from about 15 to over 50 feet in depth were superimposed on the 

larger physiographic features. Study of the pre-Chinle erosion 

surface indicates that sandstones of the Shinarump member pinch 

out against low "rolling” highlands (pL 2). The valleys, filled 

with Shinarump sediments, were fairly large features and are 

present at Holbrook, about 10 miles northwest of Concho, near 

St. Johns, and in the Sanders area, with intervening ridges located 

at the Petrified Forest National Monument and in the area between 

Concho and St. Johns.

In the area of the Zuni Mountains the pre-Chinle unconformity 

is not as well exposed as in other parts of the Colorado Plateau 

because the unconformity lies physiographically at the base of 

cuestas and is generally covered by talus, slumpage, or alluvial 

materials. Here, the coarse-grained sediments characteristic of 

the Shinarump member are either absent or present only in limited
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Figure 6„ -«Pre-ChinIe ^re-Shinarump) unconformity 

between the Shinarump member of the Chinle for

mation and the Moenkopi formation exposed in road 

cut along Ue S. Highway 66, two miles west of 

Houck, Arizona, Note large-scale crossbedding 

features in the Shinarump member.
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Figure 7, ~»Pre«Chinle unconformity between Mesa 

Redondo member of the Chinle formation and the 

Moenk(^)i formation near Lyman Reservoir, nine 

miles south of St» Jolm% Arizona, Travertine 

forms caprock on the summit.
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amounts. The unconformity has a local relief of over 50 feet con« 

tabling several deep narrow channels which have been cut through 

the underlying upper Moenkopi(?) sediments into the San Andres 

formation.

Chinle Formation

The Chinle formation of Upper Triassic age was defined by 

Gregory (1917) for the vari«colored shales that are exposed in the 

valley of Chinle "Wash within the Navajo Indian Reservation. He 

first considered these sediments as part of the Dolores formation 

of southwestern Colorado, but after a few months he dropped the 

name Dolores and called them the Chinle formation (Gregory, field 

notes written during 1909).

Prior to the investigation of the Navajo country by Gregory, 

Ward (1901, p. 401-413) had studied the colorful Triassic and 

Jurassic rocks in the Little Colorado River drainage area. He 

divided the rocks of Triassic age into the Leroux and Lithodendron 

members which he referred to as the Shinarump formation. The 

Leroux member was described from exposures along Leroux Wash 

north of Holbrook for a series of ’’mortar” beds, thin limestone 

and sandstone ledges, and argillaceous and calcareous variegated 

m arls. The Lithodendron member, described along the bluffs of 

Lithodendron Wash, a few miles north of the Petrified Forest
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National Monument, consists of conglomerates, sandstones, argil

laceous shales, and variegated m arls. These units having a com

bined thickness of about 1,400 feet and lying stratigraphically be

tween the Moenkopi formation and the "Painted Desert beds” — are 

now included in the Glen Canyon group and Upper Jurassic rocks.

In the Navajo country Gregory (1917) recognized four divisions 

of the Chinle formation which he called informally, in descending 

order, "divisions A, B, C, and D," "Division A," the youngest 

unit, consists of an "orange-red," silty, flat-bedded sandstone that 

is now called the Rock Point member of the Wingate sandstone 

(Harshbarger, Repenning, and Irwin, 1957) throughout most of north

eastern Arizona and northwestern New Mexico, In the area south of 

the Rio Puerco a small unconformity is found between the Rock Point 

member and the underlying "division B" which has been named the 

Owl Rock member of the Chinle formation (Witkind, L J . ,  and 

Thaden, R. £ , ,  in preparation). The Owl Rock member, although 

it has not been formally described by Witkind and Thaden in a pub

lished report, is composed of alternations of calcareous siltstone 

beds with cherty fresh-water limestone, Gregory (1950) renamed 

"division C" the Petrified Forest member of the Chinle formation 

from c lo s u re s  within and near the Petrified Forest National 

Monument, Throughout the upper drainage area of the Little Col

orado, the Petrified Forest member can be subdivided into an upper
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and a lower part separated by the Sonsela sandstone bed (Repenning, 

Cooley, and Akers, Pre-Wingate Triassic of the Navajo country, in 

Harshbarger, Repenning, and Callahan, in preparation). The Pet

rified Forest member consists of reddish-brown and grayish-blue 

mudstones with subordinate amounts of crossbedded sandstones, 

’’Division D" of Gregory, the Lower red member of the Chinle 

of Repenning, Cooley, and Akers (op. ciL), contains ledges of 

silty sandstone and, slopes of calcareous mudstone. It is a tran

sitional unit between the Petrified Forest and Shinarump members 

in the eastern part of the Navajo country. Because the Shinarump 

is defined now as the basal member of the Chinle formation, the 

use of the term Lower red member is erroneous. Therefore, in 

this report this member is referred to as the Red member of the 

Chinle,

The Shinarump member (Shinarump conglomerate) of the Chinle 

formation was firs t described by Gilbert (1875) in Kane County,

Utah, The Shinarump member is composed chiefly of crossbedded . 

sandstones and conglomerates with some interbedded mudstone and 

siltstone.

An additional member of the Chinle formation, the Mesa 

Redondo member, is described in this report and named for the 

brownish-red mudstone-siltstone and conglomeratic sandstone ex

posed near the Little Colorado River in the area south and southeast
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of the Petrified Forest National Monument, The Mesa Redondo 

member occurs between the Petrified Forest and Shinarump mem

bers (fig, 8),

Shinarump Member

In contrast to most of the other areas of the Colorado Plateau, 

the Shinarump member does not form a blanket deposit in the upper 

drainage of the Little Colorado River, but occurs as scattered chan

nel-type deposits. The lithology of the Shinarump varies greatly, 

both regionally and locally, and ranges from a coarse conglomerate 

containing a few fine-grained units to a sandy siltstone or mudstone 

with a few thin lenses of conglomeratic sandstone. The Shinarump 

member is defined in this paper as the earliest sediments of the 

Chinle type, consisting generally of a grayish-white conglomerate 

and conglomeratic sandstone which tongues and grades upward and 

laterally into sandy siltstones and mudstones of the Mesa Redondo 

and Red members,

"Where present, the Shinarump member normally has a thick

ness of more than 10 feet; however, it seldom attains thicknesses 

of 100 feet. Being a channel-type deposit it varies greatly in thick

ness and has a maximum thickness in the following areas of: 35

feet at Holbrook; 30 feet near Hunt and on Cedar Ridge south of St* 

Johns; between 25 and 75 feet in the southern part of the Defiance
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uplift; 60 feet in a well at Zuni Pueblo; and, between zero and 25 

feet near Fort Wingate, The Shinarump member is absent at West 

Sunset Butte, 20 miles southwest of Winslow; at Woodruff Butte; 

Lyman Reservoir, nine miles south of St, Johns; and has not been 

reported in logs of wells drilled in the Petrified Forest National 

Monument and surrounding area.

Description of the Shinarump Member

The Shinarump member, capping low buttes on the south side 

of the Little Colorado River opposite Holbrook, consists of a light 

gray thick-bedded conglomerate having typical low- to high-angle, 

medium- to large-scale trough type crossbedding. Westward toward 

Winslow from this point the Shinarump member is a conglomeratic 

ledge and cliff former and is the rim  rock on the reddish-brown 

bluffs along the north side of U. S. Highway 66; but within two 

miles to the east of Holbrook the conglomerate grades into a series 

of weakly cemented conglomeratic silty sandstones. In this area 

several large petrified logs about three feet in diameter have weath

ered out of the member and are visible from U, S,. Highway 66. 

Farther to the east the Shinarump member tongues with sediments 

of the Red member and separation into two members is not possible.

Between Holbrook and Hunt the Shinarump is absent except for 

a few scattered channel deposits, hi the area seven miles north of
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Concho the member is composed of two units, a basal 29 feet of 

sandstone and conglomerate and an upper tongue of conglomeratic 

sandstone separated by 44 feet of grayishared mudstone and silty 

sandstone extending from the Mesa Redondo member (section PF~

4), Both units of the Shinarump member are irregular, lenticu

lar, thin to thick bedded, having low- to medium-angle medium- 

to large-scale trough and planar crossbedding types. In this area 

some cusp ripple marks which measure two inches from crest to 

crest and some pseudo crossbedding occur within the Shinarump 

member. One slab was found which contained 10 complete ripple 

marks. As traced eastward, the conglomeratic sandstone of the 

Shinarump grades into silty sandstone, sandy siltstone, and finally 

into a lithology typical of the Mesa Redondo member.

Southeast of St, Johns along Cedar Ridge the Shinarump is 

similar in lithology to that exposed near Hunt (figs, 9 and 10), 

Southwest of the Little Colorado River the Shinarump member oc

curs in several widely separated outcrops. Several small buttes 

are capped by the Shinarump in the Snowflake area, and have about 

10 feet of conglomerate lying below Pleistocene terrace deposits.

In the southern part of the Defiance uplift area the Shinarump 

member contains two types of lithologies generally somewhat similar, 

but show marked variations in detail. The more typical lithologic 

type consists of conglomerate containing a fine- to coarse-grained
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Figure 90 "--Variation in lithology of the Shinarump 

member on Cedar Ridge anticline, about five 

miles southeast of St« Johns, Arizona*
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Figure 10.—Gravel of the Shinarump member of 

the Chinle formation on Cedar Ridge, about 

five miles southeast of St. Johns, Arizona. 

Size of largest cobble (at point of hammer) is 

eight inches.
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sand matrix; but the other type is composed of sandstone, prima~ 

rily of fine- to medium-grained sand derived locally from the re 

working of the underlying DeChelly sandstone. In some poorly ex

posed outcrops in the southern Defiance uplift area the Shinarump 

member can be differentiated from the DeChelly only by the types 

of crossbedding exhibited.

Included within the Shinarump member are lenticular greenish- 

gray and grayish-red purple mudstone and siltstone units (fig. 11).

Locally, a banded pale red purple and grayish-white conglomerate 

occurs in the upper part of the Shinarump. In the Defiance uplift 

area the Shinarump member forms a blanket deposit which is also 

believed to be continuous in the subsurface in the western portion 

of the Gallup-Zuni basin and as far west as Chambers.

In the area along the northeastern flank of the Zuni Mountains 

between Fort Wingate and the Continental Divide, the Shinarump mem

ber occurs only in the deeper part of isolated and discontinuous 

channels. Southeast of Thoreau, where finer-grained units of the 

Red member of the Chinle lie on either the upper Moenkopi(?) sed

iments or the San Andres formation, no deposits of the Shinarump 

member are recognized. Near Fort Wingate the Shinarump consists 

of a maximum of 35 feet of sandstone, conglomeratic sandstone, and 

sandy mudstone (fig. 12). The sandstone units are lenticular bedded 

and contain low- to medium-angle medium-scale trough type crossbedding.



Figure 1L —Shinarump member of the Chinle formation along U 
two miles west of Houck, Arizona.

S. Highway 66, about
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Figure 12„ «-Shinarump member of the Chinle forma

tion in a road cut, one mile south of the Fort 

Wingate Indian School, New Mexico.
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The color ranges from dark purplish gray to yellowish gray. The 

matrix is poorly sorted, weakly to firmly cemented, very fine- to 

medium-grained sand with some coarse grains and silt particles. 

Pebbles with a maximum diameter of about two inches occur through

out the sandstone units. The sandstone grades into lenticular mottled 

purplish-gray and light gray sandy siltstone and mudstone. In many 

places the mottled siltstone-mudstone forms the basal Chinle deposits, 

lying on the pre-Chinle unconformity and below sediments of the Red 

member.

In Zuni Town No. 1 well, drilled at the south side of Zuni 

Pueblo, 60 feet of yellowish-gray very fine- to medium-grained 

sandstone was penetrated which is believed to be the Shinarump 

member. The sandstone is fair sorted, subangular to subrounded, 

and firmly bonded by siliceous cement.

Sedimentary features.—The gravel within the Shinarump mem

ber has been of interest to geologists working on the Colorado Pla

teau for the past several decades. In the Little Colorado River area 

it consists of subrounded pebbles and cobbles composed of quartzite, 

quartz, jasper, and chert. Locally, chert or quartzite make up as 

much as 50 percent of the gravel. In most areas near the Little 

Colorado River the chert contains Permian(?) invertebrate fossils. 

The gravel is coarser in the St. Johns and Snowflake areas where



54

cobbles attain a maximum diameter of eight inches (table 2). The 

coarse materials are concentrated primarily within the basal part 

of the member in crossbedding sets and along crossbedding planes 

with a few pebbles scattered throughout the sandy units. The ma

trix  surrounding the gravel is composed generally of fine- to very 

coarse-grained subrounded to subangular quartz sand*

The dominant trough crossbedding and the lenticular nature 

of channels indicate a fluvial environment approaching a torrential 

type. The gravel is concentrated in portions containing trough types 

of crossbedding. The planar crossbedding types indicate that some 

quiet water existed which may have formed in wider portions of the 

channels or along the inside of meanders.

Mesa Redondo Member

In the area south and southeast of the Petrified Forest National 

Monument a sequence of reddish-brown mudstone-siltstone and con

glomeratic sandstone lies between the Shinarump member and the 

Petrified Forest member. Although these reddish-brown sediments 

occupy an equivalent stratigraphic position, they are not similar in 

lithology to the Red member in the Defiance uplift area. In this 

paper these sediments have been named the Mesa Redondo member 

of the Chinle formation from exposures lying at the base of Mesa 

Redondo, 20 miles east of Snowflake. However, as the exposures



55

Table 2 .—Size of the gravel within the Shinarump member of 
the Chinle formation in the upper Little Colorado 
River area, Arizona and New Mexico.

Location
Average
diameter
(inches)

Maximum
diameter
(inches)

2 miles S. of Holbrook 4

7 miles N. of Concho 3/4 -  1 6

Cedar Ridge, 5 miles 
S. of St. Johns

1 2-1/2 8

3 miles SE. of Taylor 5/8 -  1-1/2 6

5 miles SE. of Snowflake 1/2 -  1-1/2 7

12 miles W. of Snowflake 8

In area between Snowflake 
and Hunt

1/2 -  1-1/2 6

Southern Defiance Plateau 3

Fort Wingate area 2

at Mesa Redondo are partly covered by slump, terrace, and dune 

materials, the type section (PF-27) was measured about 10 miles 

northeast of the mesa in an area northwest of Hunt, two miles 

northeast of the bridge where U» S. Highway 260 crosses the Little 

Colorado River.

The Mesa Redondo member has total thicknesses of 159 feet 

southeast of St. Johns, 98 feet six miles north of Concho, and 116
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feet at the type area near Hunt* The member is not present at 

Woodruff Butte or on the Sunset Buttes, southwest of Winslow, nor 

can it be recognized in logs of wells drilled in the Zuni Indian Res

ervation,, Outcrops of the Mesa Redondo member are confined to 

the Hunt-St, Johns area and in the nearby region southwest of the 

Little Colorado River*

Description of the Mesa Redondo member, —The Mesa Redondo 

member comprises a lower reddish-brown mudstone-siltstone slope

forming unit, a medial conglomeratic sandstone ledge-forming unit, 

and an upper mudstone-siltstone slope-forming unit* At the type 

section the Mesa Redondo member overlies the Holbrook member of 

the Moenkopi formation and scattered deposits of the Shinarump mem 

ber. The lower slope-forming unit is a grayish-red, brownish-gray, 

and grayish-red purple mudstone and siltstone containing some silty 

very fine-grained sandstone. The unit is flat and lenticular thin to 

thick bedded with individual layers having maximum thicknesses of 

15 feet, The silty sandstone layers are less than two feet in thick

ness* Petrified logs, three feet in diameter and 40 feet long, have 

weathered out from the lower unit.

The medial ledge-forming unit (fig, 13), a mottled pale red 

purple and pale pink conglomerate and sandstone, lies unconformably 

on the lower mudstone and siltstone. The unit is made up of chan

nel-type deposits which are crossbedded with lenticular and wedge,
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Figure 13.—Medial conglomeratic sandstone of the 

Mesa Redondo member of the Chinle formation 

at the type section, five miles northwest of Hunt, 

Arizona.
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low- to medium-angle, medium- to large-scale trough types. The 

lower contact is sharp and irregular and has a local relief of 20 

feet. The conglomerate is concentrated chiefly in the lower part 

of the unit, The matrix ranges from very fine- to coarse-grained 

sand with fine- to medium grains predominating. The sand is poorly 

sorted, subangular to subrounded, and composed of clear quartz 

grains. The gravel consists of limestone, chert, jasper, and quartz 

pebbles and cobbles. The gravel ranges mostly between 5/8 and 

one inch, with a few cobbles having a maximum diameter of six 

inches. The conglomerate and sandstone grade upward into the 

upper slope-forming mudstone-siltstone unit that is lithologically 

similar to the lower mudstone-siltstone unit.

In the type area only a mottled grayish-red and grayish-pink 

ledge-forming silty sandstone lies unconformably on the upper mud

stone-siltstone unit. This sandstone is  composed of silt, and very 

fine- to coarse-grained particles, but some medium and coarse sand 

grains and pebbles of mudstone and quartz-jasper are scattered 

throughout the unit. Thin mudstone, siltstone, and, in areas of 

pinchout, brownish-orange chert beds occur in the sandstone. The 

sandstone tongues laterally eastward into the lower part of the Pet

rified Forest member. In other areas where this silty sandstone 

unit is not present, the upper boundary of the Mesa Redondo mem

ber with the overlying Petrified Forest member is gradational, and
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the exact contact is often difficult to determine even on clear ex

posures.

At an exposure 10 miles south of the type area between Hunt 

and Concho the medial conglomeratic unit is not present. Here, 

the Shinarump member tongues with the mudstone-siltstone units of 

the Mesa Redondo member (section PF-4). However, farther south 

at Concho, the medial conglomeratic unit is present, containing 

quartz-jasper pebbles which have a maximum diameter of one inch. 

On a slope below a lava-capped mesa 12 miles east of Snowflake, 

the Mesa Redondo contains quartz, chert, and limestone gravel 

having maximum diameters of two inches.

At St. Johns the Mesa Redondo member forms the banks of 

the Little Colorado and crops out in areas to the south and south

east near Lyman Reservoir and Cedar Ridge anticline. Here, as 

at the type section, it can be subdivided into three units. The low

er mudstone-siltstone unit where exposed on Cedar Ridge is similar 

to that of the type section, but locally it contains claystone beds 15 

feet thick with abundant and well-preserved plant fossils (Jack 

Stewart, personal communication). However, the lower unit is 

sandier at Lyman Reservoir and consists principally of very fine- 

to fine-grained sand and sandy siltstone. In the vicinity of St.

Johns the medial conglomeratic unit ranges in thickness from 20 

to slightly over 60 feet. At Cedar Ridge anticline, where a
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maximum thickness of 61 feet was measured, it is comprised of a 

basal conglomerate grading upward into a conglomeratic sandstone 

and sandstone. The matrix is a firmly cemented, poorly sorted, 

very fine- to coarse-grained sand with some silt particles. The 

sand grains are subangular to subrounded clear quartz. Gravel 

within the unit is composed of quartz, quartzite, jasper, limestone, 

and one gneiss pebble was observed. The gravel has an average 

diameter of 3/4 to two inches with some cobbles attaining a maxi

mum size of six inches. In the vicinity of Lyman Reservoir the 

medial conglomeratic unit contains less coarse-grained sand and 

the pebbles have maximum diameters of less than two inches. The 

bedding is lenticular and contains low-angle with some medium- 

angle large- to very large-scale trough type crossbedding. The 

base is irregular and has a maximum relief of 25 feet. The upper 

slope-forming unit in the vicinity of St. Johns is very similar to 

the lithology exhibited at the type section.

Red Member

The Red member of the Chinle formation is an alternation of 

siltstone-mudstone units and tongues of conglomeratic sandstone.

The sandstones are similar in lithology to the Shinarump member 

or are ripple-laminated silty sandstones (fig, 14), The Red mem

ber is a transitional series of sediments lying between the



Figure 14. "-Ripple-laminated sandstone bed in the 

Bed member of the Chinle formation, three m iles
i

east of Chambers, Arizona.
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conglomeratic Shinarump member and the "muddy” Petrified Forest 

member. The Red member occurs as a mappable unit only in the 

Zuni Mountains, Defiance uplift area, and on the Zuni Plateau,

The Red member is approximately 200 feet thick in the south

ern Defiance uplift area and on the northeast flank of the Zuni Moun

tains. It is 400 feet thick in the Zuni country as indicated from the 

log of Zuni Town No, 1 well. Near the Little Colorado River the 

Red member is less than 50 feet in thickness.

Description of the Red Member

The Red member occurs in isolated areas showing slightly dif

ferent lithologies throughout the Little Colorado drainage system. 

Therefore, the member is discussed in detail in the following areas: 

southern Defiance uplift; Zuni Plateau; Zuni Mountains; and the valley 

of the Little Colorado River.

Southern Defiance uplift area. —In the southern part of the 

Defiance uplift area along the northern side of the valley of the Rio 

Puerco the Red member consists of ledge-forming sandstone beds, 

ranging in thickness between 10 and 40 feet, and slope-forming 

mudstone-siltstone units, between 20 and 75 feet in thickness. Len

ticular beds of limestone conglomerate are commonly enclosed within

this unit,
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The sandstone units range in color from a pale red purple to 

a brownish gray or light olive gray. They are composed of very 

fine- to fine-grained poorly to fair-sorted quartz sand locally con

taining considerable amounts of silt. The bedding is irregular and 

lenticular and very thinly to thinly laminated. The crossbedding is 

chiefly small- to medium-scale lenticular and wedge trough types, 

with the crossbeds deposited at very low and low angles. Pseudo 

crossbedding and ripple marks are common with abundant mica 

flakes concentrated along planes between the overlapping ripple 

marks. Within the lower portion of the member some of the sand

stones contain quartz-jasper pebbles which were deposited in cross

bedding channels; also a few pebbles are scattered throughout the 

sandy units. The pebbles range in size up to one inch and average 

a smaller diameter than those which occur in the Shinarump mem

ber in this area. ,

The slope-forming units are mostly sandy mudstone or silt- 

stone which have local color gradations ranging from dusky red, 

grayish red, and grayish red purple, to a greenish gray and dusky 

blue. The layers are flat and lenticular bedded, composed of i r 

regular and lenticular individual subunits that range in thickness 

from l/2  to 30 feet, which are composed of different mixtures of 

material ranging from mudstone to silty sandstone.

The limestone conglomerate (fig. 15) occurs as irregular and
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Figure 15. -—Limestone conglomerate in the Red 

member of the Chinle formation, three miles 

east of Chambers, Arizona.
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contorted lenticular layers. The conglomerate ranges in color 

from brownish gray, light olive gray, or grayish red purple. 

Principally the conglomerate contains limestone pebbles, but also 

includes a heterogeneous assortment of sandstone fragments, flat

tened mudstone pebbles, quartz-jasper pebbles, bone scarp, and 

teeth of phytosaurs and amphibians. The limestone and sandstone 

fragments range upward to four inches in diameter. The unit is 

very lenticular bedded, containing many channels ranging in depth 

from 1/2 foot to over 10 feet and extending laterally as much as 

25 feet. Each channel contains a somewhat different lithology grad

ing from the more typical limestone conglomerate to a crossbedded 

or ripple-laminated sandstone.

Zuni Plateau. —The Red member crops out at the base of a 

cuesta capped by the Sonsela sandstone bed about three miles east 

of Ojo Caliente in the southwestern part of the Zuni Indian Reser

vation (section PF-11). Here only the upper 44 feet is exposed, 

which consists of grayish-red silty sandstone and sandy siltstone 

which are similar in lithology to the Red member on the Defiance 

uplift. The units are both flat and crossbedded and form a ledgy 

and irregular slope.

Zuni Mountains.—On the northeast side of the Zuni Mountains 

the Red member can be divided into two parts: (1) A lower slope
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unit that lies unconformaMy on the upper MoenkopiQ?) sediments or 

the San Andres formation; and, (2) an upper ledge-forming sandstone 

lying beneath the slopes of the Petrified Forest member (section PF- 

17), The upper ledge-forming sandstone is believed to be traceable 

from a fault scarp three miles west of Bluewater, New Mexico, west

ward past Lake Bluewater to an area a few miles west of the Con

tinental Divide, Between this point and the Fort Wingate Indian 

School it is covered mostly by slump materials, but here the sand

stone unit that occupies this stratigraphic position is believed to be 

the same unit as the one exposed at Lake Bluewater, The upper 

sandstone is considered to be the top of the Red member in the 

Zuni Mountains,

At Fort Wingate the upper sandstone is grayish orange pink, 

grayish red purple, and pale brown and is 40 feet thick. It is com

posed of 33 feet of very fine-grained, fair-sorted, subrounded to 

sub angular quartz sand and seven feet of conglomerate consisting 

of fine- to medium-grained sand m atrix enclosing limestone and 

siltstone pebbles 1/4 to one inch in diameter, A log of the well 

drilled at the Fort Wingate Indian School indicated a considerable 

amount of very coarse-grained sand with some quartz pebbles. The 

unit has lenticular, medium and high-angle, medium-scale trough 

type crossbedding. Near Lake Bluewater this sandstone is a very 

fine- to fine-grained, fair and well-sorted, angular- to well-rounded
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quartz sand. The lower half of the sandstone has lenticular beds 

of limestone conglomerate containing mudstone pebbles 1-1/2 inches 

in diameter. The sandstone is irregular and lenticular, thin to 

very thick bedded, containing large-scale trough type crossbedding 

deposited at low angles. Channels containing ripple-laminated 

sandstones are common and ripple marks are preserved, some of 

which are three inches from crest to crest. The base of the sand

stone is irregular with individual channels as much as 15 feet deep 

cut into the underlying slope unit.

The lower slope unit consists of an alternation of lenticular 

subunits ranging in thickness from three to 20 feet and composed 

of claystone, mudstone, siltstone, and some silty sandstone. Near 

Lake Bluewater the lower slope unit rests  upon a channeled erosion 

surface, which in some places has been cut through the underlying 

upper Moenkopi(?) sediments into the San Andres formation. Some 

of the deeper channels are filled with a grayish-blue very fine

grained silty sandstone that contains lenses of grayish-red sandy 

siltstone. The sandstone is weakly cemented and essentially struc

tureless, but some channel-like lenticular units are ripple laminated 

and contain small-scale crossbedding features.

Valley of the Little Colorado R iver.—Several isolated exposures 

are preserved within marginal depositional areas of the Red member
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in the valley of the Little Colorado River. One such exposure, 

about three miles northeast of St. Johns, shows a series of chan- 

nel-like deposits which consist of very fine- to fine-grained ripple- 

laminated sandstones separated by several mudstone beds, all 

having a total thickness of about 75 feet (section PF-7), These 

sandstones have been included as part of the Petrified Forest mem

ber.

At Woodruff Butte a unit 60 feet thick, composed of grayish- 

red to pale reddish-brown very fine- to fine-grained sandstone and 

silty sandstone with some included limestone conglomerate beds, is 

believed to be part of the Red member (section PF-34). These 

sediments are flat and lenticular bedded, containing low- to medium- 

angle, small- to medium-scale trough type crossbedding. Some of 

the subunits are ripple laminated, and in general, the unit is thinly 

bedded. At the top these sediments appear to be gradational with 

the siltstone and mudstone layers of the overlying Petrified Forest 

member. Here the lower boundary was picked with difficulty and 

was placed between the upper crossbedded and ripple-laminated units 

and a lower group of flat-bedded sediments composed of alternations 

of siltstone, silty sandstone, and nodular limestone beds believed to 

belong to the Moenkopi formation.

Sedimentary structures. —Within the Red member, and to some 

extent throughout the Chinle formation, two types of sedimentary
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structures can be confused with post~depositional tectonic move

ments, These are, crossbedding features and primary slump age 

of unconsolidated sediments. In areas where the true dip is less 

than three degrees, large-scale crossbeds deposited at very low 

and low angles are mistaken easily for flat-lying beds. This is 

especially apparent in partly concealed areas, as some of these 

individual crossbedding sets may extend laterally for oyer 200 feet.

Primary slumpage of unconsolidated and partly consolidated 

sediments is common in the Red member. These sedimentary struc

tures have formed several anticlinal and synclinal-like features in 

the southern Colorado Plateau area. An example of this slumpage 

occurs within the Chinle badlands three miles east of St, Johns; a 

series of channel deposits composed of ripple-laminated sandstones 

form an anticlinal-like structure in cross-section (fig. 16). These 

ripple-laminated sandstone beds have been truncated by a sandstone 

whose lithology is similar to beds in the lower part of the Petrified 

Forest member. About one mile northwest of this exposure is a 

sequence of similar ripple-laminated sandstones that are steeply in

clined, "standing on end," and even overturned in places. The 

anticlinal-like structure is about 1/4 mile long and 200 yards wide. 

The structure is truncated by flat-lying "blue mudstone" beds of the 

Petrified Forest member.

Another example of primary slumpage is exposed in road cuts



Figure 160 -- Anticlinal-like structure formed due to primary 
slumpage in the Chinle formation, three miles east of St. 
Johns, Arizona.
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along U. So Highway 66 between Chambers and Sanders. Here sev

eral lenticular channels filled by limestone conglomerate^ caused by 

slumpage, dip to the east (fig. 17). These apparent dips of the 

slumpage are opposite to the true dip which is to the west.

Petrified Forest Member

The reddish-brown and bluish-gray mudstones of the Petrified 

Forest member have formed the multi-colored ’’painted deserts” and 

contain the spectacular ’’petrified forests” in the valley of the Little 

Colorado River. The Petrified Forest member is the most extensive 

and widespread of the members of the Chinle formation and was de

posited throughout the southern Colorado Plateau region. In the upper 

Little Colorado River drainage area it has a total thickness of ap

proximately 1,000 feet.

The Petrified Forest member was subdivided (Repenning, Cooley, 

and Akers, Pre-Wingate Trias sic stratigraphy of the Navajo country, 

in Harshbarger, Repenning, and Callahan, U. S. GeoL Survey Prof. 

Paper, in preparation) in the Defiance uplift area into three units 

with upper and lower parts separated by the Sonsela sandstone bed. 

The three-fold subdivision of the Petrified Forest member is retain

ed in this report.



Figure 17„ --Prim ary slumpage in the Red member of the Chinle formation exposed 
in a road cut along U„ S. Highway 66 near Sanders, Arizona.
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Lower P art of the Petrified Forest Member

The lower part of the Petrified Forest member, sometimes 

called the "blue mudstones," has been eroded by stream and r ill 

action into slate-blue and gray-white groups of intricately carved 

badlands and low buttes which make up the rugged topography of 

the Petrified Forest National Monument. Here color bands reflect 

the lenticularity of the bedding, lithologic variations, and the out

lines of channels (fig. 18). The lower part is gradational or inter

tongues with both the Red and Mesa Redondo members. In many 

areas the lower boundary has to be placed arbitrarily within a 

transitional zone which may have a maximum thickness of 25 feet.

The lower part of the Petrified Forest member is thickest in 

the National Monument and Defiance uplift areas where it is over 

300 feet thick. It thins progressively southeastward and southward 

from these areas to 125 feet in the eastern part of the Zuni Moun

tains and to about 150 feet near Mesa Redondo,

Within the limits of the National Monument the lower part is 

composed mainly of mudstone with subordinate amounts of tuffaceous 

siltstone and sandstone. Individual units rarely exceed 20 feet in 

thickness and generally wedge-out laterally within a distance of 100 

feet. They are thinly bedded, with the individual beds deposited at 

very low to low angles indicating very large-scale crossbeds and
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Figure 18, --Lower part of the Petrified Forest member 

of the Chinle formation showing bedding features and 

lithologic variations as indicated by bands of color. 

Petrified Forest National Monument, Arizona,

Sonsela sandstone bed forms the caprock of the ridge.
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have the overall appearance of being deposited in broad channels*

In sandier portions the channels are better defined and contain 

medium-angle medium- to large-scale trough type crossbedding.

In the finer-grained units much of the bedding in the lower part 

is obscured by "puffy** weathering and slumping of the tuffaceous 

materials; this causes the characteristic formation on the "blue 

mudstone" of many rounded hills and undulating slopes.

The mudstones are similar in composition throughout the 

region studied, with only a slight increase of sandy materials in 

the Petrified Forest National Monument area* The lenticular 

tuffaceous units tend to be more numerous within the area of the 

National Monument and to the southeast at St* Johns. Between 

Milky Wash, five miles southeast of the National Monument, and 

near Lyman Reservoir thin layers of brownish-orange chert occur 

within the basal 100 feet of the lower part, aAd are associated with 

some of the tuffaceous units. The chert layers are less than 1/2- 

foot thick and are very lenticular with single layers rarely extending 

laterally more than 25 feet. The silica for the chert may have been 

derived from adjacent volcanic ash beds which had been altered to 

clay.

In the lower part the lenticular color bands are believed to be 

fills of very large channels and shallow lakes formed as the streams 

meandered across the old flood plains* In a fresh well-exposed
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outcrop, laminations are gently curved upward and tend to follow 

the outline of the channel. Occasionally a well-defined, steeper- 

sided, fairly symmetrical channel deposit of coarser composition 

has truncated the finer-grained banded structures. Parallel bands 

of color, containing only slight or no differences in lithology and 

extending laterally for two or three miles, probably represent the 

accumulation of muds, clays, and volcanic ash (bentonite) in fresh

water lakes. Many of these bands were slightly contorted by dif

ferential compaction of the muds causing the formation of a series 

of small rolls. Some of these rolls are readily observed from U,

S« Highway 666, three miles northeast of St, Johns,

Bleached zones, ranging in thickness from a few inches to 

three or four feet, occur beneath the base of a prominent sandstone 

bed. Some of the zones are believed to be remnants of an old soil 

zone which had developed prior to the deposition of the overlying 

sandstone bed. The bleached zone is usually fairly constant in 

width, having been developed across the slight variations of lithology.

In some parts considerable carbonaceous material is scattered through

out the zone, and in many areas the zone appears to have been 

strongly leached. The leaching may have been caused in part by 

solution of the soluble materials by confined ground waters moving 

through the overlying sandstones.
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Sandstone Beds Within the Lower Part

Three distinct types of sandstone lithologies are common in 

the lower part of the Petrified Forest member » These are the 

grayish-white sandstone and conglomerate beds which have a li

thology similar to the Sonsela sandstone bed of the Petrified Forest 

member (Rainbow Forest sandstone bed); fine-grained sandstone that 

is commonly ripple laminated (Newspaper and Amejo sandstone beds); 

and discontinuous lenticular beds of coarse-grained sandstone. The 

sandstones form prominent ledges that can be traced laterally for a 

distance of over 10 miles, or are local channel deposits only a few 

yards wide.

Several isolated channel-type deposits occur about 75 feet above 

the base of the lower part between the National Monument and Concho 

(pi* 2 and unit 8 of section PF-27). These channels have a maxi

mum depth of 15 feet, a width of approximately 100 feet, and where 

exposed, extend for about l /2  mile. The channels trend approxi

mately in an east-west direction. They are filled with a very light 

gray very fine- to very coarse-grained clear quartz sand and fine 

gravel* Some of the coarser-grained units grade into silty, very 

fine-grained, ripple-laminated sandstone*

In the valley of the Rio Puerco near Sanders a sandstone (pL 2), 

having a lithology like the Rainbow Forest sandstone bed or the
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Sonsela sandstone bed,. occurs about 80 feet below the top of the 

lower part (or below the base of the Sonsela sandstone bed). This 

sandstone and several less prominent sandstones in this area may 

have an origin similar to that of the Sonsela sandstone bed. North

westward from Sanders, these sandstones tongue laterally into "blue 

mudstone" characteristic of the lower part of the Petrified Forest 

member.

Newspaper sandstone bed. —The most prominent sandstone bed 

within the lower part of the Petrified Forest member in the National 

Monument is the one popularly called the "Newspaper Rock," which 

is exposed at the north ranger station and forms the caprock on a 

low bluff along the south side of the Rio Puerco. This bed is named 

for the excellent group of petroglyphs, representing an ancient Indian 

culture, carved on this sandstone. Within this report this unit is 

referred to as the Newspaper sandstone bed of the Petrified Forest 

member (section PF-25 and fig. 19),

The Newspaper sandstone bed was unconformably deposited 

within a sequence of grayish-blue bentonitic mudstones approximately 

100 feet above the base of the Petrified Forest member. It is com

posed of 34 feet of yellowish-gray very fine- to fine-grained sand 

deposited upon an irregular and locally channeled surface that has a 

maximum relief of four feet. The bed is characterized by well-



Figure 1 9 , Newspaper sandstone bed of the Petrified 

Forest member showing relations between the cross

bedding and ripple-laminated features, Petrified F o rest 

National Monument, Arizona, Picture also shows 

some of the Indian petroglyphs from which the sand

stone received its name.
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sorted quartz sand, perhaps the best sorted sandstone within the 

Chinle formation. The bedding is lenticular, containing crossbeds 

which grade laterally and vertically into ripple«laminated units.

Rainbow Forest sandstone bed, "-The Rainbow Forest sand

stone bed of the Petrified Forest member (figs. 20 and 21) was 

named for the occurrence of petrified logs in the "Rainbow Forest" 

and "Third Forest" located near the Park Headquarters of the 

National Monument. The sandstone bed is exposed only in the 

southern part of the National Monument, The lithology and bedding 

features are similar to that of the Sonsela sandstone bed.

The Rainbow Forest sandstone bed contains abundant brachio- 

pods, pelecypods, bryozoa, and corals within the gravel. These 

fossils are probably similar to the forms listed by McKee (1938) 

as being derived from the upper member of the Kaibab limestone.

Amejo sandstone bed. —The Amejo sandstone bed (a term used 

by R. K. DeFord, University of Texas field party) is the name ap

plied to a light bluff sandstone exposed near Amejo Wash about four 

m iles southeast of St. Johns (fig. 22). Here it is composed of 16 

feet of grayish-orange and very pale orange, very fine- to fine

grained sand. The sandstone is made up of firmly cemented, sub- 

angular, fair- to well-sorted clear quartz grains with minor amounts 

of silt. The sandstone bed is lenticular, thin to thick bedded, with
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Figure 20. --Logs deposited in the Rainbow Forest 

sandstone bed of the Petrified Forest member. 

Petrified Forest National Monument, Arizona.
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Figure 21. ««Trough type crossbedding in the Sonsela 

sandstone bed of the Chinle formation, Petrified 

Forest National Monument, Arizona. This unique 

erosional feature is held up by a petrified log.

The lithology of the Rainbow sandstone bed of the 

Petrified Forest member is similar to the type 

shown in this photograph.
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Figure 22, »~Amejo sandstone bed of the Petrified 

Forest member, five miles southeast of St, Johns, 

Arizona, Note channeled unconformity at the base.
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low and medium-angle, small-scale planar, and some trough type 

crossbedding. Ripple-laminated units are common. Some carbo

naceous material and a few plant impressions occur near the base 

of the unit.

In a bluff two miles south of Lyman Reservoir along U» S» 

Highway 260, the Amejo sandstone bed is about 45 feet thick and 

is crossbedded with very low-angle, large-scale planar and trough 

types. The base is channeled and irregular with individual chan

nels as much as 25 feet deep. Within the general area of Lyman 

Reservoir the sandstone bed tongues laterally into bentonitic mud

stone and sandy mudstone, typical of the finer-grained units of the 

lower part of the Petrified Forest member.

Sonsela Sandstone Bed

The medial grayish-white Sonsela sandstone bed forms a sharp 

color contrast, as well as a physiographic break between the under

lying bluish-gray mudstone and overlying reddish-brown mudstone of 

the Petrified Forest member (figs. 23 and 24). It is a continuous 

unit in the Defiance uplift, Gallup-Zuni basin, and Zuni uplift regions, 

but in border areas of deposition near the Little Colorado River, it 

forms lenticular channel-like deposits. The Sonsela sandstone bed 

lies unconformably on the lower part of the Petrified Forest member. 

The basal contact is sharp, irregular, and channeled with a local

relief of 15 feet.
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Figure 23, =~Sonsela sandstone bed of the Chinle for

mation capping a cuesta ^middle ground) near the 

Fort Wingate Indian School (foreground), New Mexico. 

Mesa de Los Lobos is outlined on the skyline.
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Figure 24„ «=~Sonsela sandstone bed of the Chinle for

mation at Ojo Caliente (Zuni Indian Reservation), 

New Mexico.
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Description of the Sonsela sandstone bed, -"The Sonsela sand

stone bed generally ranges from a very pale orange to very light 

gray, and is composed of very fine- to very coarse-grained, sub- 

angular to subrounded, clear, frosted, and stained quartz sand.

In most areas the sandstone bed is conglomeratic, containing peb

bles and small cobbles ranging in size up to six inches in the long 

dimension (table 3), The conglomerate is concentrated along bedding 

planes and in crossbedding channels which may constitute as much as 

60 percent of the lower portion of the unit (fig. 25). The bedding is 

Irregular and lenticular, containing small- to large-scale trough, 

with some planar types crossbedding (figs. 21 and 25). The cross

beds were deposited from low to high angles with the lower angles 

predominating. Lenticular units of limestone conglomerate, locally 

containing "coquina" composed of Unio(?), have a maximum thick

ness of six feet and grade laterally into the sandstone. Mudstone 

and siltstone layers occur as thin lenses throughout the unit.

The gravels within the Sonsela sandstone bed are principally 

subrounded to well-rounded pebbles composed of silicified limestone, 

white chert, and dark jasper, with smaller amounts of quartz, quartz

ite, and rhyolite or andesite. Near Thoreau and in parts of the 

valley of the Little Colorado River, white chert makes up as much 

as 75 percent of the gravel. McKee (1938) has listed Permian in

vertebrates found in the white chert from the Petrified Forest National
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Table 3. "•■•Size of the gravel within the Sonsela sandstone bed 
in the upper Little Colorado River area, Arizona 
and New Mexico,

Location
Quartz-Jasper Limestone-Chert

Average
diameter
(inches)

Maximum
diameter
(inches)

Maximum
diameter
(inches)

Petrified Forest
national Monu-
ment:
Along U, S. High

way 260 at W, 
boundary of Nat
ional Monument

1/2 -  3/4 4

"Blue Forest?’ 1 /2 - 1 6 5

600 ft, S. of 
"Agate Bridge"

1 /2 - 1 4-1/2 1/4

"Agate Bridge" 3/8 -  3/4 2 -

Point of bluff 5 -

Valley of the 
Little Colorado: 
10 mi, E, of 
Snowflake

2 3

12 mi, E, of 
Taylor

2 6

3 mL SW. of 
L itton

* 2

2 mi. E. of 
Houck

3/8 -  1 3

3 mi, E, of 
Chambers

5/8 -  1-1/4 3-1/2

West Sunset Butte 2-1/2
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Table 3, continued.

Quartz-.;rasper Limestone-Chert
Location Average

diameter
(inches)

Maximum
diameter
(inches)

Maximum
diameter
(inches)

3 mi. W. of 
Quemado

1-1/2

State line 15 mi. 
E. of St. Johns

1/4 « 5/8 2

3 mi. NE. of 
St. Johns

1 « 1-1/2 4

17 mi. NE. of 
St. Johns

6 5

Zuni Mountains: 
Fort Wingate 1 -

12 mi. W. of 
Thoreau

1 /4 - 1 3 -

7 mi. SW of 
Thoreau

s : 5 3

5 mi. SW. of 
Thoreau

1/2 -  5/8 3 4

2 mi. S. of 
Thoreau

5/8 5 3

2 mi. SE. of 
Thoreau

3/8 -  5/8 3 6

1 mL E. of 
Lake Bluewater 3/8 « 5/8 2—l / 4 1

3 mi. W, of 
Bluewater

3/8 -  1/2 1-1/4 -

6 mi. W. of 
McGaffey

5/8 2-J/2 1
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Table 3, continued.

Quartz-Jasper Limestone-Chert
Location Average

diameter
(inches)

Maximum
diameter
(inches)

Maximum
diameter
(inches)

5 mi. E. of 
Ram all

1/4 -  1/2 2-1/2

Ojo Caliente 3/8 -  1 3-1/2 3

Monument as forms typical of the marine facies of the alpha (upper) 

member of the Kaibab limestone. These fossils include brachiopods, 

pelecypods, corals, and bryozoa. Several pebbles containing fusilinids 

and other invertebrates were found near Ojo Calien!e in the Zuni 

country, one coral was found near the Zuni River about 20 miles 

north of St, Johns, and bryozoa were found south of the Rio Puerco 

three miles east of Chambers, The several outcrops examined in 

the Thoreau-Lake Bluewater area yielded no reworked fossils in the 

Sonsela sandstone bed. Pebbles composed of grayishared to medium 

gray rhyolite or andesite form about one percent of the gravel near 

Ojo Caliente, several were found near Thoreau, and one rhyolite- 

andesite cobble, six inches in diameter, was found with many smaller 

ones at the "Blue Forest" in the National Monument, Only three 

parts of the area studied contained quartz-jasper and limestone-chert 

pebbles in the Sonsela sandstone bed that have maximum dimensions
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Figure 25, —Occurrence of gravel within the Sonsela 

sandstone bed of the Chinle formation, 1/2 mile 

east of Ojo Caliente (Zuni Indian Reservation), New 

Mexico, Crossbedding types are chiefly planar and 

low-angle trough.
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over five inches; these areas are located in the National Monument, 

at Zuni River 20 miles north of St» Johns, and south of Thoreau 

in the Zuni Mountains. In other areas the average size and total 

amount of gravel is less; thus, the author believes that the areas 

containing larger gravel may represent the arteries of three main 

north war d«flowing streams which deposited most of the Sonsela 

sandstone bed.

Intertonguing relations. -~The Sonsela sandstone bed inter

tongues with the mudstone-siltstone units of the upper and lower 

parts of the Petrified Forest member. The intertonguing is form

ed either by beds which extend from the main Sonsela sandstone 

bed into the upper part or between the main Sonsela sandstone bed 

and the lower part, Although intertonguing occurs throughout the 

region, only two areas show clearly the intertonguing relations; 

these areas are in the Zuni Mountains and in the Petrified Forest 

National Monument area.

Along the northeastern flank of the Zuni Mountains the Sonsela 

sandstone is chiefly one bed, but numerous sandstone tongues are 

present which extend into the basal portion of the upper part of the 

Petrified Forest member, giving the appearance that the Sonsela 

tongue is moving” up section. One such tongue can be traced from 

Lake Bluewater to Thoreau. Three miles south of Thoreau it is
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separated from the main Sonsela sandstone bed by 83 feet of sandy 

mudstone and siltstone (fig. 26). The numerous ledges, forming a 

zone about 150 feet thick exposed on hills and in road cuts along 

U. S. Highway 66 between Fort Wingate and Bluewater, are tongues 

extending from the Sonsela sandstone bed. These tongues are finer 

grained than the main Sonsela bed, and are chiefly fine-grained sand 

with only a few pebbles scattered throughout the unit. The trough 

type crossbedding is not as well developed as in the main Sonsela 

sandstone bed, but a planar crossbedding type is more common. 

Sandstone tongues from the Sonsela sandstone bed occur near Lupton 

and Ojo Caliente, but here, the tongues are less prominent and ex

tensive.

Near the Little Colorado River the Sonsela sandstone bed loses 

its unique character and breaks up into a series of lenticular sand

stone and conglomerate units. These units tongue laterally into the 

lower part of the Petrified Forest member. These intertonguing re

lationships are well exhibited three miles east of Chambers north of 

U, S. Highway 66, northwestward from the National Monument, and 

southeastward across the southern portion of the National Monument 

-(pi* 2).

The Sonsela sandstone bed contains a large amount of con

glomerate and is a continuous unit in the central and western parts 

of the National Monument. From Point of Bluff on the south side



Figure 260 —Tongue of the Sonsela sandstone bed (on skyline) of the Chinle formation, 
mtidstone-siltstone slope unit, and the main Sonsela sandstone bed at base of bluff, 
between Lake Bluewater and Thoreau, New Mexico.

CD
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of the Rio Puerco northwestward to the area of Carrizo Wash, one 

mile north of U. S* Highway 66 and 15 miles east of Holbrook, it 

consists of a zone containing several conglomeratic sandstone and 

sandstone units separated by sandy mudstone and siltstone beds.

From this area further northwestward, to north of Holbrook and 

Joseph City, the sandy units are poorly defined and occur essentially 

as a series of lenticular grayish-white channel deposits lying between 

dark gray and bluish-gray mudstone-siltstone layers (Riley Smith, 

personal communication).

At the western boundary of the National Monument along U.

S, Highway 260, the Sonsela sandstone bed is comprised of sand

stone and conglomerate, very fine- to very coarse-grained sand, 

and gravel having a maximum diameter of four inches. On a small 

mesa one mile northeast of the Park Headquarters, it is a very 

fine- to medium-grained sandstone containing no gravel. Southeast 

from this point it grades into a silty sandstone, and five miles to 

the southeast along bluffs on the south side of Milky Wash no li

thology typical of the Sonsela sandstone bed can be recognized.

Sedimentary structures. —The Sonsela sandstone bed is char

acterized by sedimentary structures, although not unlike features 

of other sandstone beds in the lower part of the Petrified Forest 

member, which are more diversified and better developed. The 

Sonsela sandstone, being highly crossbedded, is a maze of channels
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formed by "violent" scour and fill and by more flat-bedded units 

that may be remnants of ancient river bars deposited under quiet- 

water conditions. Larger crossbedding structures are developed 

in the conglomeratic units rather than in ones composed purely of 

sandstone. Some fair and well-sorted sandstone lenses contain 

crossbeds, deposited at low angles, which are contorted in ways 

suggestive of primary slumpage (fig,, 27), The bedding features 

indicate that these units were deposited in the more quiet parts 

of the channels and may have formed a "quicksand" before being 

consolidated. Spherical, ellipsoidal, and disc-shaped mudballs, 

composed of earlier deposited Chinle sediments, are commonly 

included within the lower portions of the bed. Although no steep

sided channels have been preserved, these mudballs must have 

originated from small slump blocks which were founded by being 

carried for short distances downstream.

The crossbeds within the Sonsela sandstone represent a 

variety of fluvial environments. In areas near the main stream 

arteries the crossbeds were deposited at high and medium angles 

and are of large scale, but interlaced with the large-scale cross

beds, are those of medium and small scale. Here the trough type 

crossbedding is predominant, with some sets containing planar types 

of both low-angle and high-angle crossbeds. However, in some 

areas some of the sandstone units have high-angle large-scale 

crossbeds which form a significant part of the bed. Superficially^
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Figure 27. --Minor slumpage structure in the Sonsela 
sandstone bed of the Chinle formation, Ojo Caliente, 
New Mexico.
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these crossbeds resemble the well-developed eolian types common to 

the Navajo and Coconino sandstones. However, they are believed to 

be of fluvial origin because they are not as large as the larger 

crossbedding structures in the Navajo or Coconino, and because 

they contain subrounded pebbles concentrated along some of the 

crossbedding planes. In contrast, in areas farther from the main 

arteries, especially in areas of pinchout, very low- to medium angles 

of crossbedding are predominant. Although the low-angle crossbeds 

are common, they are believed to be chiefly of the trough type and 

were deposited by slow-flowing currents.

Because it is believed that the Chinle formation was deposited 

in lowlands which were considerably drier than the surrounding high

lands (Colbert, 1948), the streams, due to evaporation, would con

tinuously lose runoff throughout their courses. During periods of 

drier conditions, these streams, by depositing their load, would 

tend to build up channels and form natural levees with the resultant 

formation of low-angle crossbedding. In times of high runoff the 

streams would break through the natural levees, filling previously 

abandoned water ways, and meander across the flood plain. Rapid 

filling of the new channels, and also of the older ones, would prob

ably form crossbeds deposited at higher angles and larger scale 

than normally formed in a streambed* Sharply defined gravel 

lenses, occurring above sandy layers within the middle or upper
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portions of the sandstone bed, indicate deposition by scour and fill 

during a large flood, or possibly, a breaching of part of a natural 

levee. The subsequent erosion which would follow immediately aft

er a break through of a natural levee and later meandering of the 

stream would tend to obliterate the feature and thus, any preserved 

remnant would be difficult to recognize.

Upper Part of the Petrified Forest Member

The upper part of the Petrified Forest member, a banded 

aggregate of moderate grayish-red, pale reddish-brown, and pale 

red purple lenticular mudstone and siltstone units with some in

cluded sandstone and claystone beds, has an apparent overall uni

form reddish-brown color when viewed at a distance. Excellent 

exposures of the upper part occur in the badland waste north of 

the Painted Desert Lookout at the National Monument (fig, 28), on 

bluffs overlooking the Zuni River north of St, Johns and near Zuni 

Pueblo, and underlying a broad strike valley which is traversed by 

U, S, Highway 66 between Fort Wingate and Bluewater (fig, 29),

In most areas in the upper part, prominent sandstones form small 

cuestas and buttes.

The upper part is over 800 feet thick in all areas, where not 

eroded, south and east of the National Monument, From the National 

Monument the upper part thins rapidly to the northwest and north,

U niv. c f L i b r a r y



100

Figure 28e “-Badlands carved from the upper part of • 

the Petrified Forest member of the Chinle forma

tion north of the Painted Desert Lookout, Petrified 

Forest National Monument, Arizona, Volcanic tuff 

bed is in the foreground.
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Figure 29. —A large strike valley developed on the 

soft sediments of the upper part of the Petrified 

Forest member of the Chinle formation near the 

Continental Divide on the northeast flank of the 

Zuni Mountains, New Mexico.
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The slope-forming mudstone-siltstone units are flat and len

ticular bedded, with individual units having thicknesses of over 50 

feet and exceeding l /4  mile in length. Some of the lenticular units 

are crossbedded with a very low- to low-angle very large-scale 

trough type. The upper part contains bedding that is flatter, len

ticular units that can be traced farther laterally, and fewer well- 

defined channels than the sediments of the lower part of the Pet

rified Forest member.

In addition to the mudstone and siltstone units which are typ

ical of the upper part, local variations of the lithology occur in 

the valley of the Little Colorado River, Within the area in the 

northern part of the National Monument, especially well exposed 

below the Painted Desert Inn, a grayish-white tuff bed 30 feet 

thick, and several thin gypsum beds occur within the reddish- 

brown mudstone (section PF-24A and fig, 29), The tuff bed con

tains some mudstone and fine-grained sand, A one-foot thick 

lense of limestone conglomerate lies at the base. The tuff is 

flat, irregular, lenticular, and thin to thick bedded.

Limestone beds occur throughout the upper part and lime

stone nodules are locally abundant. Near the Zuni River, 20 

miles north of St. Johns, the upper part contains zones approxi

mately 50 feet thick, which are flat bedded and composed of sev

eral thin limestone and nodular limestone layers alternating with



103

calcareous mudstone-siltstone. The uppermost 200 feet of the upper 

part of the Petrified Forest member, lying below the pre-Dakota un

conformity in this area, has greater amounts of very fine and fine

grained silty sandstone (section PF-1).

Sandstone Beds in the Upper Part

Sandstone beds are common in the basal 250 feet of the upper 

part of the Petrified Forest member in the areas west of the Zuni 

Mountains. Three sandstone layers occur in the upper part above 

the Sonsela sandstone bed near Lupton, two or three beds in the 

National Monument* and two beds north of St, Johns, These beds 

are believed to have been deposited by several northward-flowing 

streams in a manner similar to the deposition of the Sonsela sand

stone bed. The slope-forming units of mudstone and siltstone be

tween the sandstone beds are generally sandier, are confined in 

better defined channels, and are more lenticular bedded than the 

overlying mudstone units. The overall color of this sandstone- 

mudstone interval is a brownish red purple.

East of Fort Wingate only three prominent lenticular sandstone 

beds occur in the upper part of the Petrified Forest member, but 

as most of the upper part is covered by alluvium, no other sand

stones are exposed on the land surface. However, several sand

stones are recognized in water wells near Thoreau.
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Chambers, Taaiylone, Zuni River, and Perea sandstone 

beds,««These four sandstone beds occur in the upper part of the 

Petrified Forest member at a stratigraphic distance between 150 

and 250 feet above the Sonsela sandstone bed. The individual beds 

are exposed in widely separated regions with the intervening areas 

covered by younger rocks, making subsurface correlation difficult. 

The stratigraphic relations within the limited outcrop areas indicate 

that these beds are not continuous as a single unit throughout the 

subsurface. On this basis, these four sandstones were given local 

names which should be restricted to their respective limited area 

of outcrop. Thus, these sandstones were named in the following 

areas: In the valley of the Rio Puerco, the Chambers; on the

Zuni Plateau, the Taaiylone; in the St, Johns area, the Zuni River; 

and in the Zuni Mountains, the Perea.

These beds have a similar lithology but with some local varia

tion. In general, they are pale red to grayish-red very fine- to 

medium-grained sandstones with some brownish-gray limestone con

glomerate. The sandstones are crossbedded with lenticular and 

wedge, low- to medium-angle, and small- to medium-scale trough 

types. The units usually contain a few quartz, jasper, and lime

stone-chert pebbles which have a maximum size of about one inch.

The Chambers sandstone bed (fig. 30) forms a prominent ledge 

from a few miles east of the National Monument near Pinta to
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Figure 30. --Chambers sandstone bed of the Petrified 

Forest member at the type section, two miles west 

of Chambers, Arizona,
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Chambers, Eastward from Plata the Chambers sandstone bed shows 

a lateral variation in lithology from a fine and medium-grained sand

stone, to a silty fine-grained sandstone in the Chambers area (sections 

PF-20A, PF-21),

Within the confines of the Zuni Indian Reservation, the Taaiylone 

sandstone makes a continuous line of cliffs or ledges that can be 

traced for a distance of 10 miles (fig. 31). It is recognized in the 

logs of Zuni Town No. 1 and No. 2 wells. Eastward from the type 

section (PF-11), five miles east of Ojo Caliente, the Taaiylone sand

stone bed becomes more prominent topographically, and is slightly 

coarser grained; but westward at the section (PF-12), measured three 

miles north of Ojo Caliente, it occupies a zone 120 feet thick. Here 

it is composed of lenticular and channeled units of very fine- to fine

grained silty sandstone, siltstone, and mudstone.

The Zuni River sandstone bed lies on the summit of several 

cuestas between the Zuni River and Carrizo Wash in an area about 

15 miles northeast of St, Johns. At the type area {section PF-1),

17 miles northeast of St, Johns and four miles east of U. S. High

way 666, the sandstone bed consists of 25 feet of sandstone, con

glomerate, and some siltstone lenses. The gravel is composed of 

quartz, jasper, chert, and limestone pebbles and has a maximum 

diameter of two inches.

The Zuni River sandstone bed grades laterally into 64 feet of



Figure 31e ~~Taaiylone sandstone bed of the Petrified 

Forest member, three miles northeast of Ojo 

Caliente, New Mexico, It has a lithology similar 

to the Zuni River sandstone bed, Perea sandstone 

bed, and Correo(?) sandstone bed.
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tuffaceous sandstone which is exposed on the north bluff of Carrizo 

Wash, three miles west of U, S. Highway 666 (section PF-8),

Here it contains less conglomerate than at the type area* Most of 

the sandstone bed is composed of a pinkish«gray very fine- to fine

grained tuffaceous sandstone* It is conspicuously crossbedded, with 

the crossbeds deposited at low to high angles of medium and large- 

scale trough types.

The Perea sandstone bed (J. W. Harshbarger, personal com

munication) forms a low irregular ledge along U. S. Highway 66 at 

Perea Trading Post near Fort Wingate (fig* 31). Eastward from 

the Perea Trading Post it is poorly exposed and is covered by al

luvium and residual soil materials, but westward it forms a prom

inent cuesta and outlines part of the northwest plunging nose of the 

Zuni uplift. The Perea sandstone bed is recognized in several logs 

of water wells drilled in this area*

Correo(?) sandstone bed* —In the area a few miles east of 

Thoreau, a ledge-forming sandstone (fig. 31) 364 feet below the 

top of the Chinle formation has a lithology similar to that of the 

Correo sandstone member (Kelly and Wood, 1946) at the type area 

near Correo, New Mexico, 30 miles west of Albuquerque (sections 

PF-14 and PF-16). A covered area about 40 miles in width sep

arates the two units, making correlation speculative, as no deep
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wells penetrate the Chinle formation in this covered area. If these 

two units are correlative, then pre-Entrada erosion in the type area 

must have stripped off about 400 feet of Chinle and Wingate sedi

ments.

At an outcrop three miles northeast of Thoreau along the road 

to Crown Point, New Mexico, the Correo(?) sandstone bed is a pale 

red sandstone containing many thin lenses of siltstone and has a total 

thickness of 38 feet, It is composed of silt to medium-grained sand 

consisting of subrounded to rounded, clear, and stained quartz grains. 

The bed comprises a series of lenticular units which are crossbedded 

trough types, with medium-scale crossbeds deposited at low and me

dium angles. Lenticular beds of limestone conglomerate are scatter

ed throughout the unit. At an exposure seven miles east of Thoreau 

the Correo(?) sandstone bed is composed of a silty fine-grained sand, 

and is crossbedded with lenticular and wedge, low-angle, small- to 

medium-scale trough types.

Owl Rock Member

The Owl Rock member of the Chinle formation is limited to 

the general area north of the Zuni River between Lupton and Thoreau, 

as it had been eroded southwest of Lupton and was not deposited as 

a mappable unit south of the Zuni River at either Zuni Pueblo or in 

the St. Johns area. However, in exposures north of the Little
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Colorado River in the Winslow-Holbrook area it has a thickness of 

300 feet* At Lupton it is 200 feet thick, thins to 100 feet at Fort 

Wingate, and is 50 feet thick at Thoreatu

The Owl Rock member (fig. 32) is primarily a pale red cal

careous siltstone, and light greenish-gray limestone and nodular 

limestone* In addition, it contains some thin-bedded silty sandstone 

beds which are similar in composition to the Correo(?) sandstone 

bed* All of the units are flat, very thin to thin bedded, forming 

irregular ledges and slopes. Some of the limestone and siltstone 

units contain medium-grained sand, and much of the limestone is 

siliceous and includes abundant chert. Near Thoreau, an exposure 

of the upper contact of the Owl Rock member shows long "wedges" 

tapering downward to a depth of five feet with a maximum width of 

l/2  foot, These deposits were formed in a thick unit of limy silt- 

stone and are believed to be fillings of large shrinkage cracks with

in the Owl Rock member by sediments of the overlying Wingate sand

stone (section PF-14).

The Owl Rock member thins eastward and southward by a 

series of gradations and intertonguing with the sediments of the 

Petrified Forest member. Possibly some thinning is caused by 

a slight amount of stripping from pre-Wingate erosion, an erosion 

surface of low relief, as in most of the upper Little Colorado River 

area the sandy facies of the Rock Point member of the Wingate for

mation overlies the Owl Rock member (fig. 33).
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Figure 32. - -Flat-bedded Owl Rock member of the Chinle formation 
lying between the crossbedded Petrified Forest member of the 
Chinle^bclow) and the crossbedded Wingate and Entrada sand
stones 'above), about 10 miles west of Thoreau, New Mexico.
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Figure 33, ««Upper contact of the Chinle formation with 

the overlying Rock Point member of the Wingate sand« 

stone, about three miles south of Zuni Pueblo, New 

Mexico.
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GEOLOGIC HISTORY — A HYPOTHESIS

Factors which were to influence early Triassic deposition in 

the southern Colorado Plateau area were already important in the 

Permian. The Holbrook member of the Moenkopi and the upper 

Moenkopi(?) sediments are transitional between the more typical 

depositional types of the Paleozoic and Mesozoic eras. These 

sediments represent an initial setting for the series of events 

which continued throughout Mesozoic time. The great number of 

unconformities and of prominent crossbedded sandstones and con

glomerates interbedded in thick sequences of mudstone, record the 

crustal unrest and environmental changes daring the Triassic.

Throughout the pre-Perm ian Paleozoic geologic history, the 

area of the Defiance-Zuni uplift and the granitic Holbrook ridge of 

Huddle and Dobrovolny (1950) formed a highland against which thick 

overlapping sequences of sediments were deposited. Several over

laps were caused by repeated marine transgressions from the south 

and west of the Cordilleran and Mexican seas. In early Pennsylva

nian time, the ancestral Rocky Mountains, perhaps an early phase 

of the Uncompaghre-San Luis highlands, were elevated in north- 

central New Mexico and southwestern Colorado (Eardley, 1951, p. 

18-19). Throughout the late Paleozoic these highlands were
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furnishing sediments to a broad area in northwestern New Mexico, 

northeastern Arizona, and eastern Utah.

In the Permian the old granitic Holbrook ridge-Defiance-Zuni 

highland became structurally stable allowing it to be worn down and 

covered by sediments, perhaps for the first time in Paleozoic his

tory,, The greatest accumulation of Permian sediments occurred in 

local basin areas of the St, Johns sag and Paradox basin with a 

lesser accumulation on the Defiance-Zuni highland.

The last chapter in Paleozoic history is the transgressions 

and regressions of the Kaibab and San Andres seas with the asso

ciated deposition of the Coconino-DeChelly-Glorieta sandstones. The 

Coconino is believed to have been laid down along the forward edge 

of the encroaching Kaibab sea (Reiche, 1938, p. 931). The DeChelly 

sandstone and the Glorieta sandstone were derived from sediments 

originally brought in from the Uncompaghre highlands. Although 

field relations between the Kaibab and San Andres seas are obscure, 

these two seas may have overlapped in the St. Johns area, as lime

stone of lithology similar to the San Andres limestone is exposed on 

the surface. It is possible, as indicated in the log of the Argo Oil 

Corporation State Zuni Creek No. 2 well, that the pure upper lime

stone unit reported in this log should be correlated with the lime

stone member of the San Andres formation, and that the lower sandy 

limestone unit is part of the Kaibab limestone. North of St, Johns,
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facies changes within the Kaibab express a depositional trend where~ 

by no typical Kaibab would have been deposited as far northeast as 

the Defiance uplift area (McKee, 1938)* A well drilled at the St* 

Michaels School on the Defiance uplift encountered 22 feet of pure 

limestone overlying the DeCbelly sandstone. This limestone, if 

correlated with the limestone member of the San Andres (Irwin and 

Stevens, Permian stratigraphy of the Navajo country, _in Harshbarger, 

Repenning, and Callahan, U. S. Geol. Survey Prof. Paper, in prep

aration), would extend the San Andres sea over a large area not 

covered by the Kaibab sea.

If the San Andres limestone is younger than the Kaibab then a 

gentle downwarp, the first reversal of typical Paleozoic structural 

movements, occurred in the Defiance-Zuni uplift area. The San 

Andres sea advanced to the northwest in a broad area flanking the 

southern border of the Uncompaghre highlands. This suggests an 

initial stage in the development of the Triassic New Mexico Valley 

which later became a prominent feature during Chinle sedimentation*

Renewed uplift of the Uncompaghre highlands in late Permian 

and early Triassic time (Burbank and Lovering, 1933, p. 279-281), 

and broad upwarping of the southern Colorado Plateau area may have 

been responsible for the withdrawal of the Permian seas. The up

warping elevated the land surface to only a few feet above sea level 

as the pre-Moenkopi erosion which occurred before the deposition of
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the Wupatki member caused only stripping of the underlying Kaibab 

limestone. However, in the Holbrook-Showlow area slight differ

ential movement along the granitic Holbrook ridge caused removal 

of a considerable amount of Kaibab limestone and exposed the Coconino 

sandstone in places before the deposition of Moenkopi sediments.

The setting of Moenkopi deposition in the southern embayment 

of the Little Colorado Valley has been described by McKee (1954, 

p. 76-81). It lay to the south of a low trending east-west highland 

described by McKee (1954, p. 76-77) as "a  westward-projacting ridge 

or prong that extends from the vicinity of Canyon de CheUy toward 

Tuba City, Arizona.M This highland area indicates some movement 

of the type, but of less magnitude, that occurred throughout the 

Paleozoic,

During the deposition of the Wupatki member of the Moenkopi, 

the southern embayment extended eastward and beyond the vicinity of 

Holbrook. East of Holbrook little deposition occurred because of a 

broad upwarp which extended southward from the Uncompaghre high

lands to east-central Arizona and west-central New Mexico, Because 

the sandstones of the Wupatki member contain no pebbles derived 

from granitic rocks, the low highlands surrounding the southern em

bayment had not been stripped of their Paleozoic cover.

The Moqui member, representing tidal flat and lagoonal types 

(McKee, 1954), was deposited farther east than the Wupatki member.
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The lagoons were formed by intermittent flooding of the back shore 

and estuarine areas by shifting sea currents and sluggish westward** 

flowing streams. Slight recurrent movements of the granitic Hol

brook ridge may have aided the fluctuation of the shore lines.

The first positive change in structural patterns from Paleozoic 

types to Mesozoic types in the southern Plateau area is indicated 

from the source and origin of the Holbrook member of the Moenkopi 

formation. Streams flowing from a new highland, the Mogollon high

lands (Harshbarger, Repenning, and Irwin, 1957), began depositing 

sediments in the Little Colorado River area. These highlands had 

a center in east-central Arizona. This is based on the increase in 

coarseness of the Holbrook member in the Showlow-Snowflake area. 

Quartz pebbles occurring in the Holbrook member indicate that ero

sion had stripped off some of the Paleozoic cover, and granitic base

ment rocks were exposed in the Mogollon highlands. Although the 

quantity of the pebbles is small, their significance is of regional 

importance, for prior to the deposition of the Holbrook member no 

quartz pebbles have been found in rocks deposited in the southern 

Plateau area.

From this time a broad structural trough, between the newly 

formed Mogollon highlands and the older Uncompaghre highlands, be

came a depositional axis for all subsequent Triassic deposition. This 

trough drained chiefly west-northwestward from central New Mexico,
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across northern Arizona, to the seas in southern Nevada. Within 

the trough the De£iance«Zuni uplift areas, when active, formed low 

highlands or a structural saddle across the general trend of the 

trough.

During the deposition of the upper Moenkopi(?) sediments in 

the Zuni Mountains area the Uncompaghre highlands became the 

dominant source area* This is based on the large quantities of 

quartz pebbles, absence of limestone-chert pebbles derived from 

the Kaibab limestone, and the general dissimilarity to units ex

posed to the southwest of the Zuni Mountains. In addition the 

bedding features, although inadequately studied or clearly exposed, 

suggest a northern source.

Whether the Defiance uplift area was also included with the 

low in the Zuni Mountains area cannot be concluded from positive 

field evidence. However, no upper Moenkopi(?) sediments have 

been recognized as pre-Chinle erosion appears to have been more 

intense in this area. The impression is that the Defiance uplift 

formed a small highland area, behind which the upper Moenkopi(?) 

sediments were deposited in a local depression developed in the 

Zuni Mountains area.

During the subsequent pre-Chinle erosion, the southern Pla

teau area was elevated sufficiently high so that no sedimentation 

took place there. Uplift was concentrated in the Uncompaghre
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and Mogollon highlands with the intervening lowlands forming the 

upper Trlassie New Mexico Valley (Repenning, Cooley, and Akers, 

Pre-Wingate Triassic stratigraphy of the Navajo country, in 

Harshbarger, Repenning, and Callahan, U. So Geol» Survey Prof. 

Paper, in preparation)* This valley, as the one in Moenkopi time, 

drained westward across northwestern New Mexico and northeastern 

Arizona* During this time structural movements in the Defiance 

uplift area, caused considerable local stripping and downcutting*

This is revealed by the fact that no Moenkopi sediments are pre

served beneath the Shinarump on the central and northern portions 

of the Defiance Plateau*

The pre-Chinle erosion indicates that a through flowing inte

grated drainage system existed in the southern Plateau region (fig*

34). Inferred stream distribution and direction, based on the study 

of the overlying Shinarump sediments, indicate that a broad lowland 

lay in the general axis area but that the flatlands disappeared to the 

south and entrenched drainages were more pronounced along the 

southern flank of the valley.

The Mogollon highlands were more extensive during Shinarump 

deposition than during the deposition of the Holbrook member. Re

construction and projection of the Shinarump member drainage sug

gests a mountain belt that extended across central Arizona from an 

area south of the Grand Canyon eastward to west-central New Mexico.
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Because of decreasing structural activity, possibly with cli~ 

matic changes, streams began depositing generally finer-grained 

materials. Sediments brought in by these streams completely 

filled the old Shinarump valleys and sedimentation occurred over 

the whole area. The drainage patterns developed were similar to 

those of the Shinarump member streams, and these patterns were 

to continue throughout the time of Chinle sedimentation. Although 

positive field evidence is lacking, the Mesa Redondo member is 

believed to have been deposited slightly earlier than the Red mem

ber; however, the two members probably intertongued in the central 

part of the valley in the area immediately south of the Rio Puerco. 

These two members may have spread outward from the source areas 

like two gigantic fans, possibly separating the upper part of the New 

Mexico Valley from the western lowlands during periods of rapid 

sedimentation.

The medial conglomeratic unit of the Mesa Redondo member 

represents a time of active erosion of the Mogollon highlands. The 

various conglomeratic sandstone tongues of the Red member may 

reflect similar conditions in the Uncompaghre highlands. Minor 

periods of active erosion were indicated, as several sandstone beds 

of local extent were laid down in the lower part of the Petrified 

Forest member. All of these units are believed to have resulted 

from more vigorous erosion due to climatic changes, rather than



122

to structural rejuvenation of the highlands.

Deposition of the Sonsela sandstone bed indicated that the 

source area lay in a southerly direction (fig, 35), The broad 

distribution of the Sonsela sandstone bed in northwestern New 

Mexico, indirectly indicates that the Mogollon highlands had 

formed a broad mountain belt across most of west-central and 

southern New Mexico by this time. Westward extension of the 

highlands may have occurred, but no coarse-grained beds were 

deposited near the Little Colorado River downstream from Hol

brook,

A blanket sandstone deposit was laid down in the center of 

the New Mexico Valley in the Defiance-Zuni uplift area, but the 

southern slope of the valley in the Little Colorado River area 

contains only lenticular channel deposits similar in form to the 

Shinarump member. The axis of the valley had shifted to the 

northeast from its position during Shinarump deposition (fig, 35),

Two tributary stream s were flowing northward and north

eastward in the National Monument and near St, Johns, These 

streams, as determined by the lithologies of their deposits, 

meandered over flood plains perhaps 10 miles wide. Deposition 

of mudstone in the areas away from the streams may have kept 

pace with the channel sandstone deposition; thus, confining the 

streams to limited areas.
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The first volcanism of any consequence in the Mogollon high« 

lands is indicated by the deposition of bentonitic clays, tuff beds, 

and volcanic pebbles of rhyolite«andesite composition in the Petrified 

Forest member. The volcanic ash-bentonite beds increase to the 

south and southwest from the Defiance Plateau, and pebbles of 

volcanic origin have been found in the Sonsela sandstone bed at 

the National Monument and on the Zuni Plateau.

The Triassic Mogollon highlands may have reached a maxi

mum development at the time when the Sonsela sandstone bed was 

being deposited, From this time onward and during the deposition 

of the succeeding Chinle sediments, they became decreasingly im

portant as a source area for sediments. During the declining stages 

some rejuvenation of the Mogollon highlands may have occurred which 

resulted in the deposition of the Chambers-Zuni River-Taaiylone- 

Perea sandstone beds. Conglomerate within these units was limited 

to only a small area near St. Johns. The streams depositing these 

sandstone beds tended to follow the same patterns as those which 

previously deposited the Sonsela sandstone bed (fig, 36),

An eastern extension of the Uncompaghre highlands began con

tributing greater amounts of finer-grained sediments to the upper 

part of the Petrified Forest member throughout northwestern New 

Mexico and part of northeastern Arizona, The Mogollon highlands 

had essentially no influence on this sedimentation or in the contribu

tion of material to the upper part. The sediments of the upper part
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overlapped southwestward upon the earlier Chinle units. This is 

indicated by large thicknesses of the upper part exposed along the 

Zuni River north of St, Johns, The southern Plateau area had 

been reduced to relatively low relief, the lowest since early 

Moenkopi time. With the New Mexico Valley almost filled, the 

axis of deposition had shifted southward from that of the Sonsela 

sandstone bed into the St, Johns area or perhaps farther south

ward.

Climatic fluctuations in the northern highlands is indicated by 

the Correo sandstone, Correo(?) sandstone bed, and several minor 

sandstone beds in northwestern New Mexico, The highlands were 

being worn down and finer-grained materials deposited as the struc

tural environment became of less importance toward the end of Pet

rified Forest and the following Owl Rock member sedimentation.

The center of the "lowlands" in which the Owl Rock member 

was deposited lay to the north of the area studied, almost entirely 

within the confines of the Navajo Indian Reservation (fig, 37). These 

sediments, believed to be chiefly lake deposits, intertongued to the 

southeast with the fluvial upper part of the Petrified Forest member. 

No coarse material was introduced at this time as the highlands 

were of very low relief, possibly as low as at any time in the 

Triassic, Slight upwarping of the Mogollon highlands in western 

and northwestern Arizona connecting with similar highlands in
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southern Utah may have partly blocked the drainage of the Triassic 

trough (Harshbarger, Repenning, and Irwin, 1957). This occurred 

with greater definition during the following deposition of the Wingate 

sandstone (Harshbarger, Repenning, and Irwin, 1957),

During the deposition of the Wingate sandstone, the Mogollon 

and Uncompaghre highlands remained low, giving rise  to sandstone 

and siltstone with small amounts of conglomerate. The unconformity 

underlying the Rock Point member of the Wingate in the Zuni Moun

tains area, is believed to have been caused by slight general up- 

warping of the southeastern portion of the Colorado Plateau region. 

The amount of stripping of the underlying Chinle formation was 

probably minor, but increased to the south and east. In general, 

the Rock Point member was deposited in a similar structural en

vironment but withx the highland areas better outlined than during 

the deposition of the Owl Rock member.
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DESCRIPTION OF MEASURED SECTIONS

PETRIFIED FOREST PF-1

Section about 17-20 miles north of St, Johns, Arizona, and two 
miles east of U. S. 666 along cuestas near the Zuni River.

UPPER CRETACEOUS:
Feet

DAKOTA SANDSTONE:

14F» Sandstone, grayish-orange to very pale

orange 10YR-8/2, fine-grained, round

ed to subangular clear quartz; well 

sorted; firmly cemented; bedding fea

tures similar to unit 14A ......................  16. 5

14E. Sandstone, partly silty; forms slope . . .  22

14D. "Shale"...........................................................  5.5

14C. Sandstone, like unit 14A .......................... H

14B, "Shale," contains some lignite ................  18.5

14A. Sandstone, grayish orange 10YR-7/4 to 

grayish yellow 5Y-8/4, very fine

grained with few fine-grained sands, 

subrounded to subangular; black min

eral as an accessory; firmly cemented;
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bedding irregular and lenticular Feet

thick bedded; crossbedded, medi

um to low angle small to medium 

scale trough; weathers blocky; forms 

vertical and irregular cliff; contains 

lenses of "shale" and claystone peb

bles up to 1 inch maximum diam

eter; base sharp and irregular with

relief of about 10 to 25 feet ................  30*5

Total thickness of Dakota sandstone 112 

UNCONFORMITY: Erosional relief between 10 and 25 

feet, bleached zone (unit 13) below unconformity,

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Mudstone-siltstone beds:
13, Mudstone, yellowish gray 5Y~7/2, silt

and clay with few very fine-grained 

sands, weakly cemented; thin to 

thick flat and irregular bedded; wea

thers smooth; forms irregular, roll

ing, and covered slope; limonite 

streaks; base is gradational................ .. 14



12a Slope unit; thin to thick lenticular and Feet 

irregular bedded; crossbedded, very 

low angle medium to large scale 

trough; weathers smooth and hackly; 

forms irregular ledge and slope; 

base is gradational:

Sample taken at 50 feet: Mudstone,

grayish-red 10R-4/2, silt and clay; 

black and mica as accessories; 

weakly demented; approximate 

thickness 57 feet.

Sample taken at 11 feet: Silty sand

stone and mudstone, light brownish- 

gray 5YR-6/1 sandstone and grayish- 

red 10R-4/2 mudstone, silt, very 

fine-grained with some fine sand, 

clear quartz; mica and black min

erals as accessories; weakly ce

mented; approximate thickness 12 

feet,

Sample taken at 5 feet: Silty sand

stone, light gray N7, silt, very 

fine- to fine-grained sand,

131
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subrounded to subangular clear 

quartz; mica and black minerals 

as accessories; weakly cemented, 

calcareous; approximate thickness 

8 feet.

Total thickness of unit 1 2 ..............

11. Slope unit; thin to very thick lenticular,

• flat and irregular bedded; crossbedded, 

low to very low angle very large scale 

trough; weathers hackly; forms irregu

lar and regular slope; nodular lime

stone beds at 27 and 44 feet which 

are 1 foot thick; base is gradational: 

Sample taken at 113 feet: Mudstone,

grayish-red 10R-4/2, silt and clay; 

weakly cemented; few small bleached 

spots; approximate thickness 32 feet. 

Sample taken at 85 feet: Silty sand

stone, moderate red 5R-5/4, silt, 

very fine- to fine-grained sand, sub

rounded to subangular clear and stain

ed quartz; poorly sorted; weakly ce

mented; approximate thickness 70 feet.

Feet

85
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Sample taken at 16 feet: Claystone,

grayish red 10R-4/2; weakly ce

mented; approximate thickness 25 

feet.

Sample taken at 2 feet: Silty lime

stone, very light gray N8, contains 

few very fine-grained sands; black 

mineral as an accessory; weakly 

cemented; approximate thickness 

5 feet.

Total thickness of unit 1 1 ............

10, Slope unit; very thin to very thick len

ticular, massive and irregular bed

ded; crossbedded, very large scale 

trough; weathers smooth and fluffy; 

forms irregular and rolling slope; 

much slumpage making picking of 

subunits difficult; limestone nodules 

abundant in ledges and scattered 

through unit; base is covered: 

Sample taken at 99 feet: Mudstone,

moderate red 5R-5/4, silt and clay, 

some very fine-grained sand, clear

Feet

132
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quartz; mica and black minerals as Feet 

accessories; weakly cemented. Ap

proximate thickness 40 feet.

Sample taken at 66 feet: Claystone,

grayish red 10R-4/2, weakly cement

ed; approximate thickness 35 feet.

Sample taken at 33 feet: Mudstone,

moderate red 5R-5/4, silt and clay, 

few very fine-grained sands; weakly 

cemented; few small bleached spots; 

approximate thickness 50 feet.

Total thickness of unit 1 0 ..............  115

9. Covered in te rv a l.......... ............................  325

Zuni River sandstone bed:
8B. Sandstone and conglomeratic sandstone, 

pale red purple 5RP-6/2 and weath

ers to light brownish-gray 5YR-6/1, 

fine- to medium-grained with some 

coarse and very coarse grains, clear 

quartz subrounded to sub angular; poor

ly sorted; firmly cemented, calcareous; 

thin to thick irregular and lenticular 

bedded; crossbedded, lenticular and 

wedge medium to low angle small to



135

medium scale trough; weathers blocky; Feet 

forms irregular ledge; consists of 

alternations of sandstone up to 1 foot 

with conglomerate up to 3 feet; some 

siltstone lenses 1 foot thick; contains 

pebbles — quartz, jasper, chert, and 

limestone, 2 inches maximum diam

eter; base is gradational .......................  17.5

8A» Limestone conglomerate, pale red 10R- 

6/2 to grayish orange pink 1 OR-8/2, 

silt, very fine- to medium-grained 

clear quartz; poorly sorted; black 

mineral as an accessory; firmly to 

weakly cemented; pebbles up to l/2  

inch; weathers blocky and hackly; 

forms irregular ledge; base is sharp

and irregular with channels of 6 feet . 7. 5

Total thickness of unit 8 .................. 27

Mudstone-siltstone beds:
7. Slope unit; thin to very thick flat and

lenticular bedded; weathers hackly; 

forms irregular slope; base is gra

dational:

7Fo Mudstone, grayish-red 10R-4/2,
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silt and clay; weakly cemented; Feet

bleached zone in upper 2 feet in

places .......... ............................................. 20. 5

7E. Silty sandstone, grayish-orange 

pink SYR-7/2 to very light gray N8, 

very fine- to fine-grained sand and 

silt, clear and stained quartz; poorly 

sorted; mica and black minerals as

accessories; weakly cem ented..............  13

7D» Nodular limestone, like unit 7B . .  1

7C. Mudstone,' like unit 7A ..................  15

7B. Nodular limestone, light greenish

gray 5GY-8/1; weakly cem ented..........  1

7A. Mudstone, pale red 1 OR-6/2, silt 

and clay; weakly cemented; mica as an

accessory .................................................. 17.5

Total thickness of unit 7 .............. . 58

6. Slope unit; thick to very thick bedded len

ticular bedded; crossbedded, low angle 

very large scale trough; weathers smooth 

and hackly; forms rolling slope;* base is 

covered:

6M. Silty sandstone, like unit 6 H ........  11
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Feet

6L. Siltstcaie.................. .........................  12

6K. Sandy siltstone, pale red 5R- 

6/2, silt, very fine-grained sand, 

clear and stained quartz; mica and 

black mineral accessories; weakly 

cemented; 1 foot sandstone ledge

like unit 6H at top ................ ..............  11

6 J, Silty sandstone, like unit 6H . . . .  13

6L Silty sandstone, pale red 10R- 

6/2, silt, very fine-grained, clear 

and stained quartz; mica and black 

minerals as accessories; weakly ce

mented ............................................ . 6.5

6H. Silty sandstone, pale red 5R- 

6/2 and grayish pink 5R-8/2, silt, 

very fine grained with few fine

grained sands, subrounded to sub- 

angular clear and stained quartz; 

mica and black minerals as acces

sories; weakly cemented; contains

lenticular beds of s ilts to n e ..................  15

6G. Siltstone and m udstone.......... .. 14

6F. Silty sandstone, pale red 10R-6/2



138

and grayish-pink 5R-8/2, very fine- Feet 

to fine-grained san<% silt, clear and 

stained quartz; poorly sorted; mica, 

black, and red minerals as acces

sories; weakly cem ented........................  7e 5

6E, Claystone, pale red 10R-6/2, mica 

and black minerals as accessories;

weakly cemented ..................................... 22

6D» Sandstone, tuffaceous(?), grayish- 

pink 5R-8/2, silt and clay, very fine- 

to fine-grained sand, subrounded to 

subangular, clear stained quartz; poor

ly sorted; weakly cemented; coarse

grained sandstone ledges in middle of

u n i t ........................................................   17.5

6C. Mudstone, pale red 1 OR-6/2, silt 

and clay; black mineral as an acces

sory; weakly cem ented......................... 17.5

6B. Mudstone, pale red 5R-6/2, silt 

and clay; black mineral as an acces

sory; weakly cemented ......................... 21

6A. Sandy mudstone, sandstone, and 

clay, silt, very fine-grained sand.
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clear and stained quartz; black min- Feet

eral as an accessory; weakly ce

mented .......................................................  36

Total thickness of unit 6 204

5, Covered interval ............................................. 55

Total thickness of upper part of Petrified 
Forest member ...........................    993

Sonsela sandstone bed:

4, Sandstone and conglomerate, pinkish-gray

SYR-8/1, fine- to coarse-grained

sand, well-rounded to sub angular clear 

quartz; poorly sorted; firmly cement

ed; lenticular thin to thick bedded; 

crossbedded, lenticular and wedge low 

angle small to medium scale trough 

and planar; weathers blocky; forms, 

irregular ledge; pebbles 3 inches 

maximum diameter quartz-jasper, 

average diameter 1/4 to l /2  inch, 

mudstone pebbles and clay pellets;

Unio(?) fossils concentrated along

crossbedding planes; base is sharp

and irregular with relief of 1 foot . . .  7
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3C. Siltstone> pale red 5R-6/2, silt with Feet 

few very fine-grained sands; mica 

and black minerals as accessories; 

weakly cemented; flat and lenticular 

bedded; weathers hackly; forms regu

lar slope; bleached zone 1/2 foot thick 

at top of unit; base is gradational . . . .  5

3B. Silty sandstone, pale red 10R-6/2, silt, 

fine- to very fine-grained sand, sub

rounded to subangular clear and stained 

quartz; weakly cemented partly firmly 

cemented; black mineral as an acces

sory; lenticular, bedded; weathers

• blocky; forms irregular le d g e ..............  2

3A, Sandstone, mottled pale red purple 5RP- 

6/2 and very light gray N8, very fine 

to fine grained with some medium 

grains, subangular clear and stained 

quartz; poorly sorted; mica and black 

minerals as accessories; weakly ce

mented; lenticular thin to thick bedded; 

weathers smooth; forms regular slope; 

some sandstone lenses grade with



lithology similar to units 2A, 2B, Feet 

and 4; contains some altered clay 

minerals; base is gradational . . . . . . . .  11

Total thickness of unit 3 ..............  25
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2B* Sandstone pinkish-gray 5YR-8/1 and pale

red purple 5RP-6/2, very fine- to fine

grained sand, subangular to angular 

clear quartz; well-sorted; mica and 

black minerals as accessories; thin 

to thick lenticular bedded; crossbedded, 

lenticular and wedge low angle small to 

medium scale trough and planar; weath

ers blocky; forms vertical cliff and ir 

regular ledge; some thin purple ’’stripes” 

along bedding planes; few isolated peb

bles up to 1-1/2 inches maximum diam

eter; petrified logs and bark of petri

fied wood as float; base is  gradational . 31,5 

2A» Sandstone, conglomeratic, pinkish-gray

5YR-8/1, very fine- to medium-grain

ed with some coarse and very coarse

grained sand; subrounded; clear quartz; 

fair sorted; lenticular thick bedded;
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crossbedded, lenticular and wedge Feet 

low angle small to medium scale 

trough; weathers blocky; forms 

with unit 2B vertical cliff; pebbles 

quartz-'jasper-limestone-chert, 6 

inches maximum diameter, average 

diameter 1 inch; Permian(?) fossils 

in limestone pebbles; base is sharp

and irregular, relief 5 feet ..................  8.5

Total thickness of unit 2 ................  40

Total thickness of Sonsela sandstone
bed ...........................................................  67

Lower part:

1, "Blue mudstones;” low angle large scale 

trough, crossbedding; forms irregu

lar and regular slope. No samples 

ta k e n .......................................................... 504-

Total incomplete thickness of Petri
fied Forest m em ber............................ 1110



PETRIFIED FOREST PF~4

Section six miles north of Concho, Arizona, along State Highway 240,

QUATERNARY:

10. Terrace gravel ...................................................

UPPER TRIASSIC:

CHINLE FORMATION: •

Petrified Forest member:
9. Alternation of siltstone and sandy siltstone;

• flat and lenticular bedded; weathers

smooth; forms regular slope; contains 

thin chert bed; base is gradational:

Sample taken at 6 feet: Siltstone, medium

bluish gray 5B-5/1; weakly cemented; ap

proximate thickness 3. 5 feet.

Sample taken at 3 feet: Sandy siltstone,

light bluish gray to very light gray N8, 

silt, very fine-grained sand, clear and 

stained quartz; weakly cemented, cal

careous; approximate thickness 4,5 feet.

Total thickness of unit 9 ...................... .

Total thickness of incomplete Petrified 
Forest member ............................................

Feet

25 approx.

8

8
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Redondo Mesa member:
8. Sandy siltstone, grayishared purple

5RP"4/2? silt, very fine«grained sand, 

clear and stained quartz; mica and black 

minerals as accessories; weakly cement

ed, calcareous; thick flat and lenticular 

bedded; weathers smooth; forms regular

slope; base is gradational............................

7. Sandstone, very light gray N8, very fine

grained sand and some silt, subrounded 

to subangular clear quartz; medium ce

mented; black mineral as an accessory; 

thin lenticular bedded; crossbedded, low 

angle small scale trough; weathers blocky; 

forms irregular ledge; grades laterally in

to grayish-blue 5PB-5/2, fine-grained, 

weakly cemented, silty sandstone; base 

is sharp and irregular ..................................

Tongue of Shinarump member:
6. Alternation of sandstone and conglomerate;

thin to thick lenticular bedded; crossbed

ded, lenticular medium to low angle small 

to medium scale trough, weathers blocky; 

forms irregular ledge; contains plant

Feet

33
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impressions; grades eastward 1/4 mile Feet 

into a banded brownish-gray 5YR-4/1 

and light brownish-gray 5YB-6/1, very 

fine- to medium-grained sandstone con

taining some silt, mica and black min

erals as accessories, and bonded weakly 

by a non-calcareous cement; base is sharp 

and irregular with relief up to 2 feet; 

sandstone, pinkish gray 5YR-8/1, fine to 

medium grained, subrounded clear quartz; 

fair sorted; black mineral as an accessory; 

weakly cemented, calcareous; conglomerate, 

pinkish-gray 5YR-8/1, very fine- to coarse

grained, rounded to subangular clear quartz; 

poorly sorted; black mineral as an acces

sory; weakly cemented, calcareous; pebbles, 

quartz, jasper, chert, limestone, maximum 

diameter 6-1/2 inches, average diameter 

1/4 to 3/4 in c h e s ...........................................  18

Redondo Mesa member:
5« Alternation of mudstone and some silty

sandstone; thin to thick flat and lenticular

bedded; weathers smooth and hackly; forms
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irregular slope; contains thin chert and Feet 

lenticular silty sandstone beds; several 

types of mudstone; mudstone, grayish- 

red 5R-4/2, silt and clay; 'black min

eral as an accessory; weakly cemented; 

mudstone, bentonitic, medium light gray 

N6 to light gray N7, silt and clay; weakly 

cemented; mudstone, light gray N7, silt 

and clay; weakly cemented; silty sandstone, 

medium light gray N6, very fine- to fine

grained sand and silt, clear and stained 

quartz; poorly sorted; black mineral as an 

accessory; medium to weakly cemented.

ca lcareous......................................... ..............  44

Total thickness of Redondo Mesa member 
(including the tongue of Shinarump mem
ber .............. .............................................. 98

Shinarump member:
4. Sandstone and conglomerate; thin to thick 

lenticular bedded; crossbedded, lenticular 

and wedge low to medium angle medium 

to large scale trough and possibly some 

planar; weathers blocky; forms irregular 

cliff and ledge; plant impressions, petro- 

glyphs on flat exposure under overhanging
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ledge; base sharp and irregular; sand- Feet 

stone, very pale orange 10YR-8/2, very 

fine- to fine-grained sand, subrounded 

clear quartz; fair sorted; mica and black 

minerals as accessories; weakly cemented, 

siliceous, 7 feet thick. Conglomerate, 

grayish orange pink 10R-8/2, very fine 

to medium grained with few coarse grains, 

subrounded to subangular clear quartz; poor

ly sorted; mica and black minerals as ac

cessories; firmly cemented, calcareous and 

siliceous; pebbles, quartz, jasper, chert, 

and limestone, maximum diameter 6 inches, 

average diameter 3/4 to 1 inch; some lime

stone pebbles contain Permian(?) bryozoa 

fossils, 5 feet thick. Sandstone not sam

pled, 1 foot thick. Conglomerate not sam

pled, 0,5 feet thick. Sandstone not sam

pled, 2 feet thick. Conglomerate not sam

pled, 1 foot thick. Sandstone, pinkish-gray 

5YR-8/1, fine-grained sand with few medium 

grains, rounded to subangular clay and quartz; 

well sorted; mica and blank minerals as
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accessories; firmly cemented, cal- Feet

car eons, 12 feet thick. Conglomerate 

not sampled, 0.5 foot thick. Sandstone, 

pinkish-gray SYR-8/1, fine- to medium

grained sand with few very fine-grained 

sand, rounded to sub angular, clear quartz; 

fair sorted; mica and black minerals as 

accessories; firmly to weakly cemented, 

calcareous, 1 foot thick. Unit 4 grades 

into the following lithologies 1/2 mile north

east of section: Sandstone, light greenish-

gray 5GY-8/1, very fine- to fine-grained 

sand, subrounded to subangular clear and 

stained quartz; fair sorted; black mineral 

as an accessory; firmly cemented, cal

careous, Sandstone, light greenish-gray 

5G-8/1, very fine- to fine-grained sand, 

subrounded to subangular clear quartz; 

fair sorted; firmly to weakly cemented, 

calcareous, Sandy siltstone, light brown

ish-gray 5YR-6/1 and light gray N7, silt, 

very fine-grained sand, clear and stained 

quartz; weakly cemented, slightly calcareous.
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Feet

Total thickness of unit 4 ........................  29

Total thickness of Shinarump member . . .  29

UNCONFORMITY: Erosional relief up to 30 feet in area 

of section.

LOWER AND MIDDLE(?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
3, Alternation of muds ton siltstone, and sand

stone; mudstone is thin to thick flat and len

ticular bedded; splits shaley; weathers hack

ly; forms irregular and covered slope; con

tains few very thin beds of silty sandstone. 

Sandstone is thin to thick lenticular bedded; 

crossbedded, medium to low angle small 

scale trough; weathers platy and flaggy; 

forms irregular ledge and slope; are chief

ly channel deposits:

3E. Mudstone, grayish-red 10R-4/2, silt 

and clay; mica and black minerals as ac

cessories; weakly cemented, calcareous . . .  18.5

3D. Silty sandstone, grayish-red 10R-4/2, 

medium- to very fine-grained sand and
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silt, subrounded to subangular clear Feet

quartz; poorly sorted; mica and black 

minerals as accessories; well to firmly 

cemented, calcareous; limestone con

glomerate in channels; thin mudstone

beds, and some pseudo crossbedding........  3

3C* Sandy siltstoney pale reddish- 

brown 10R-5/4, silt, very fine-grained 

sand, stained quartz; mica and black 

minerals as accessories; firmly cement

ed, ca lcareous................................................  5

3B» Calcareous sandstone, light greenish- 

gray, very fine- to fine-grained sand, sub

rounded to subangular clear quartz; well 

sorted; mica and black minerals as acces

sories; well cemented, calcareous; contains 

small limestone pebbles l /4  inch in diam

eter ............................................................. . 1

3 A. Siltstone and mudstone (?) unit

covered  .................................................. 10

Total thickness of unit 3 .............. .. 37»5

2. Silty sandstone; thin to thick lenticular and 

irregular bedded; crossbedded, low angle
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small to medium scale trough; weathers Feet 

flaggy; forms irregular ledge; contains 

mudstone pebbles; pebbles chiefly lime

stone but some quartz-jasper up to 1/4 

inch in diameter; base sharp and irregu

lar, channeled, with relief of 5 feet:

2B. Silty sandstone, mottled paler red 

10R-6/2 to grayish-orange pink 10R- 

8/2, silt, very fine- to coarse grained 

sand, subrounded to subangular clear 

quartz; poorly sorted; mica and black 

minerals as accessories; firmly cement

ed, ca lcareous.......... ......................................  7

2A. Silty sandstone, pale red 5R-6/2 to 

light greenish-gray 5GY-8/1, silt, very 

fine- to fine-grained sand, subangular 

clear quartz; poorly sorted; mica and 

black minerals as accessories; firmly

.cemented, siliceous(?).................................. 7

Total thickness of unit 2 ........................  14

1. Siltstone, a pale reddish-brown 10R-5/4; 

mica and black minerals as accessories; 

weakly cemented, calcareous; thin flat
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and lenticular bedded; shaley fracture; Feet 

weathers hackly; forms irregular and 

covered slope; contains few bleached 

streams and few thin beds of silty sand

stone; base covered ..................................... 54-

Total incomplete thickness of Holbrook 
m em b er.............................................................  56, 5

PETRIFIED FOREST PF-7

Section begins at bridge on the Little Colorado River at St, Johns 
and was measured eastward to the top of a bluff capped by terrace 
materials, south of ’’Blue Hill," three miles east of St, Johns,

QUATERNARY:

8. Terrace deposit, sand and gravel, light buff,

silt, clay, very fine- to very coarse-grained 

sand; poorly sorted; firmly to weakly ce

mented; flat and lenticular bedded; .cross- 

bedded; weathers blocky; forms irregular 

ledge; pebbles 6 inches maximum diameter;

base sharp and ir re g u la r ............................. 104-

UNCONFORMITY: Erosional, low relief,

UPPER TRIASSIC:

CH1NLE FORMATION:

Petrified Forest member:



Lower part:
7B. Slope unit; flat and lenticular bedded; cross-* 

bedded, very low to low angle very large 

scale trough; weathers smooth, hackly, 

and fluffy; forms irregular and rolling 

slope; base is gradational and flat:

Sample taken at 121 feet: Mudstone, ben

tonitic, mottled light greenish-gray 5GY- 

8/1 to grayish-blue 5PB-5/2, silt, clay 

with few fine-grained sands, clear and 

stained quartz; weakly cemented; approxi

mate thickness 8.5 feet.

Sample taken at 115.5 feet: Mudstone,

grayish-red purple 5RP-4/2, silt, clay; 

weakly cemented; approximate thickness 

13 feet.

Sample taken at 99 feet: Mudstone, ben

tonitic, grayish-blue 5PB-5/2 to green

ish-gray 5GY-6/1, silt, clay; black min-? 

eral as an accessory; weakly cemented; 

approximate thickness 9 feet.

Sample taken at 93.5 feet: Mudstone, ben

tonitic, grayish-purple 5P-4/2, silt, clay;
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mica as an accessory; weakly cemented; Feet 

approximately 5 feet thick.

Sample taken at 88 feet: Mudstone, benton

itic, mottled grayish-purple 5P-4/2 to 

light greenish-gray 5GY-8/1, silt, clay; 

black mineral as an accessory; weakly 

cemented; approximate thickness 7 feet.

Sample taken at 77 feet: Mudstone, gray

ish purple 5P-4/2, silt, clay; mica as an 

accessory; weakly cemented; approximate 

thickness 11 feet.

Sample taken at 66 feet: Silty sandstone,

bentonitic, light greenish-gray 5GY-8/1, 

very fine- to fine-grained sand, with silt 

and clay, clear quartz; poorly sorted; 

mica and black minerals as accessories; 

weakly cemented; approximate thickness 

11 feet.

Sample taken at 55 feet: Siltstone, gray

ish-purple; mica and black minerals as 

accessories; weakly cemented, calcareous; 

approximate thickness 16 feet.

Sample taken at 16.5 feet: Mudstone, grayish-
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purple 5P-4/2 to light greenish-gray Feet

SG-S/L, silt, clay with few very fine

grained sands; mica as an accessory; 

weakly cemented; approximate thickness 

39 feet.

Sample taken at 3 feet: Mudstone, grayish-

blue 5PB-5/2, silt, clay; mica and black 

minerals as accessories; weakly cemented; 

approximate thickness 6 feet.

Total thickness of unit 7 B ......................  126. 5

7A. Mudstone, grayish-red 10R-4/2, silt, clay 

with few very fine-grained sands, clear 

quartz; mica and black minerals as acces

sories; weakly cemented; bedding features 

similar to unit 7B> grades into channel de

posits of unit 6.

6. Channel deposits containing several lithol

ogies: Sandstone, greenish-gray 5G-6/1, 

very fine-grained, clear quartz; well sort

ed; mica and black minerals as accessories; 

firmly cemented, calcareous; sandstone, 

yellowish gray 5Y-8/1, very fine- to fine

grained, subrounded to sub angular; fair
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sorted; clear quartz; mica and black Feet

minerals as accessories; firmly ce

mented, very calcareous; sandstone, 

grayish-yellow green 5GY-7/2, very 

fine- to fine-grained, rounded to sub- 

angular clear quartz; fair sorted; firmly 

to weakly cemented, calcareous; mud

stone, bentonitic, light olive gray 5Y- 

6/1, silt, clay; mica as an accessory; 

weakly cemented, calcareous; mudstone, 

silt, clay; mica as an accessory; weakly 

cemented; sandstone, pale yellowish-green 

10Y-8/2, very fine-grained sand, subangu- 

lar to angular clear quartz; well sorted; 

mica and black minerals as accessories; 

firmly cemented, calcareous; thin to thick 

irregular and lenticular bedded; crossbedded, 

lenticular low angle small to large scale 

. trough; weathers blocky and flaggy; forms 

irregular ledge and slope; pseudo cross

bedding common; channels have primary 

slump age dips away from main stream
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axis; grades into units 7A, 5A, 5B, 5C, Feet 

5D; base is sharp and irregular.

Approximate thickness of unit 6 ............ 50-75

5D, Siltstone, greenish-gray 5GY-6/1; weakly 

cemented; mica and black minerals as 

accessories; very thin to thick flat and 

lenticular bedded; crossbedded, low angle 

small to large scale trough; weathers smooth 

and hackly; forms irregular ledge and

slope; base is gradational............................ 15

5C, Mudstone, grayish-red 5R-4/2, silt, clay 

with few very fine-grained sands; mica as 

an accessory; weakly cemented; very thin 

to thick flat bedded; weathers smooth and

hackly; forms rolling s lo p e ..........................  444-

5B. Siltstone, medium bluish-gray 5B-5/1; mica 

as an accessory; weakly cemented; flat and 

irregular very thin to thin bedded; weath

ers smooth, hackly, and fluffy; forms ir 

regular and regular slope; contains ben

tonite, petrified wood .................................... 404

5A. Mudstone, bentonitic, medium bluish-gray

5B-5/1 to light greenish-gray 5G-8/1, silt.
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clay; mica as an accessory; weakly ce~ Feet

mented; flat thin bedded; weathers

fluffy; forms slope; base gradational........  2

Total thickness of unit 5 ........................• 424-

Total thickness of stratigraphic interval 
occupied by units 5? 6, and 7A ..................  75

4, Sandy siltstone, grayish-red 10R-4/2, silt, 

very fine-grained sand; clear quartz; mica 

and black minerals as accessories; weakly 

cemented; flat very thin to thin bedded; 

weathers smooth and fluffy; forms regular 

slope; contains bentonite and selenite cry

stals; base is gradational.............................. 15.5

Total thickness of incomplete lower part 
of Petrified Forest member .............. . 230

Mesa Redondo member:
3. Sandy siltstone and silty sandstone alternat

ing with materials like unit 2, grayish- 

red 5R-4/2, silt, very fine-grained sand, 

clear quartz; mica and black minerals as 

accessories; weakly cemented; flat and len

ticular thin to thick bedded; weathers smooth 

and hackly; forms irregular and covered 

slope; unit chiefly covered; base is grada

tional. .............. ................................................... 11
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2, Silty sandstone, mottled grayish-red 5R- Feet 

4/2 and grayish-orange pink 1 OR-8/2, 

silt, very fine- to medium-grained sand; 

poorly sorted; mica and black minerals 

as accessories; firmly to weakly cement

ed; irregular and lenticular thin to very 

thick bedded; crossbedded, medium to low 

angle trough; weathers blocky; forms ir

regular ledge and slope; base is grada

tional ........................................... .....................  49

10 Sandstone and conglomerate, grayish-red

5R-4/2, very fine- to very coarse-grained 

sand and some silt; clear quartz; poorly 

sorted; firmly cemented; lenticular thin 

to very thick bedded; crossbedded, medium 

to low angle medium to large scale trough; 

weathers blocky; forms irregular ledge;

base is concealed...........................................  30

Total incomplete thickness of Mesa
Redondo member .......... ........... ................ . „ 90

Total thickness of incomplete Chinle 
fo rm ation .......... ........................................... . 320
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PETRIFIED FOREST PF-8

Section about 10 miles north of St* Johns and three miles west of
U. S» Highway 666,

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Zuni River sandstone bed:
4B. Silty sandstone and conglomerate, pale

red purple 5RP-6/2, fine- to medium 

grained sand with silt and clay, sub

rounded to sub angular clear and stain

ed quartz; poorly sorted; firmly cement

ed, calcareous; very thin to very thick 

irregular and lenticular bedded; cross- 

bedded, high to low angle medium to 

large scale trough; weathers blocky; 

forms vertical and irregular cliff, 

splits platy; pebbles quartz-jasper, max

imum diameter 2 inches, average diam

eter 1/2 to 1 inch; unit consists of 

lenses of conglomerate up to 2 feet 

thick alternating with sandstone beds



up to 6 feet thick; base is grada- Feet

t io n a l.............................................................  20
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4A, Sandstone, tuffaceous, pinkish-gray SYR- 

8/1, silt, clay, very fine to fine-grain

ed with few medium grains, subangular 

to angular clear quartz; poorly sorted; 

black mineral as an accessory; firmly 

to weakly cemented, calcareous; splits 

crumbly; crossbedded, high to low angle 

medium scale trough; weathers blocky; 

forms vertical and irregular cliff; con

tains lenses up to 2 feet thick of mater

ial like unit 4B; base is sharp . . . . . . . .  42.5

Total thickness of unit 4 ........... . 62.5

Mudstone-siltstone beds:
3. Mudstone, mottled grayish-red purple

5RP-4/2 and light greenish gray 5GY- 

8/1, silt, clay with few very fine-grain

ed sands; black, green and yellow min

erals as accessories; weakly cemented; 

splits shaley; bedding flat and lenticu

lar thin to very thick bedded; weathers 

smooth and blocky; forms irregular and 

regular slope; grades into pale reddish-



brown 10R-5/4 and grayish-red 5R- 

4/2 mudstone 400 yards east of sec

tion; here unit 3 is 66 feet thick and 

unit 4A is 22 feet thick; base is gra

dational .......................................................

2Be Sandstone, apple red purple 5RP-6/2, 

very fine- to fine-grained sand with 

silt and clay, subrounded to subangu- 

lar; poorly sorted; firmly to weakly 

cemented, calcareous; irregular and 

lenticular thin to very thick bedded; 

crossbedded, low angle large with 

some small and medium scale trough; 

weathers blocky; forms vertical and 

irregular cliff; petrified log strike N 

55 W; bone fragments on float; worm 

burrows and trails; unit 2 grades or 

pinches out into m aterial of unit 1 

within 100 yards; base is gradational . .

2A» Silty sandstone and limestone con

glomerate, silt, very fine-grained 

sand, stained quartz; firmly cement

ed; thin to very thick irregular and
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lenticular bedded; crossbedded, low Feet 

angle large scale trough; weathers 

blocky; forms vertical and irregular . 

cliff; mudstone flat pebbles 1 inch 

maximum diameter; base is sharp.

and irregular .............................................  4

Total thickness of unit 2 ..................  19

l e Slope unit; flat and lenticular thin to very 

thick bedded; weathers smooth; forms 

irregular and rolling slope; contains 

limestone nodules:

Sample taken at 85 feet: Silty sandstone,

mottled grayish-red purple 5RP-4/2 and 

pale red purple 5RP-6/2, silt, very fine- 

to fine-grained sand, subrounded to sub- 

angular clear and stained quartz; poorly 

sorted; mica, black, green and yellow 

minerals as accessories; weakly cement

ed; splits platy and crumbly; approximate 

thickness 7 feet.

Sample taken at 77 feet: Siltstone, medium 

gray N5; mica and black minerals as ac

cessories; weakly cemented; splits platy;
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approximate thickness 11 feet. Feet

Sample taken at 49 feet: Siltstone,

grayish-purple 5P-4/2, silt with 

few fine-grained sands; mica as an 

accessory; weakly cemented; splits 

shaley; approximate thickness 35 feet.

Sample taken at 22 feet: Sandstone,

tuffaceous, light gray N7 to very 

light gray N8, very fine- to fine

grained sand with silt and clay, 

clear with few stained quartz; poor

ly sorted; mica and black minerals 

as accessories; weakly cemented; 

splits crumbly; approximate thickness 

35 feet.

Total thickness of unit 1 .................... 88

Total thickness of incomplete Petrified 
Forest member ....................................... 202.5
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PETRIFIED FOREST PF-10A

Section measured from Zuni Town No, 1 well to top of small hill
1/4 mile south of well,

TRIASSIC: Feet

CHINLE FORMATION:

Petrified Forest member:

Upper part:
2, Sandstone, silty, silt to fine-grained sand, 

sub angular to subrounded; clear and stain

ed quartz sand; black mineral as an ac

cessory; well to firmly cemented; lenticu

lar thin to thick bedded; very thin laminated;

crossbedded, trough, low angle small to 

medium scale; weathers blocky; forms ir 

regular ledge; bleached streaks; some very 

rough plant impressions; base is covered . .  33

1, Covered interval .................................................  37.5

Total incomplete Chinle form ation............ . 77.5

PETRIFIED FOREST PF-10B

Section measured about three miles west of Zuni Town No, 1 well 
and 1/2 mile west of a gravel pit along the bluff on the south side 
of Zuni River.
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UPPER TRIASSIC: Feet

"WINGATE SANDSTONE:

Rock Point member: ;
7, Sandstone; flat thin to very thick bedded;

fair sorted; well cem ented............................ 8

6, Alternation of sandstone and silty sand

stone; thin to thick bedded; weathers blocky; 

forms irregular ledge and slope; base is

sharp and ir re g u la r ......................................  8

Total incomplete Wingate sandstone........  16

UNCONFORMITY: Erosional, up to 8 feet of relief.

TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:
5. Mudstone and siltstone, unit mostly covered; 

bedding flat and lenticular:

Sample taken at 148 feet: Siltstone, pale 

reddish brown 10R-5/4, weakly cemented; 

few bleached spots; approximate thickness 

40. 5 feet.

Sample taken at 115 feet: Mudstone, gray

ish-red 5R-4/2, clay and silt with some 

very fine-grained sand grains, weakly
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cemented; partly bleached; approximate Feet 

thickness 80 feet.

Sample taken at 28 feet: Mudstone,

grayish-red 10R-4/2 and pale reddish- 

brown 10R-5/4 clay to very fine-grained

sand, weakly cemented; few bleached 

spots;’ approximate thickness 50 feet.

Total thickness of unit 5 ........................ 170.5

4C. Silty sandstone, similar to sandstone of

unit 4 A ..................................... ......................  1

4B. Sandstone, silty, grayish-red 5R-4/2* silt 

to very fine-grained sand, well to fair 

sorted; mica and black minerals as ac

cessories; firmly to weakly cemented,

calcareous .....................................................  16. 5

4A» Alternation of silty sandstone and lime

stone conglomerate; flat and lenticular 

thin to thick bedded; laminated very thin 

for sandstone, thin to thick for limestone 

conglomerate; crossbedded, low angle 

small scale; splits flaggy; weathers blocky; 

forms irregular ledge; contains flat ripple 

or current marks; base sharp and irregular:
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Limestone conglomerate, fine-grained Feet

sand in matrix; firmly cemented, cal

careous. Sandstone, silty, light green

ish-gray 5GY-8/1 to pale red purple 

5RP-6/2, silt to fine-grained; clear and 

stained quartz; mica and black minerals 

as accessories.

Total thickness of unit 4A ......................  10.5

3. Mudstone, pale reddish-brown 10R-5/4,

clay, silt, with few very fine-grained sand 

grains; weakly cemented; splits crumbly;

. weathers smooth and fluffy; forms rolling

slope; base is  gradational ............................  41.5

2. Same as unit 2 of PF-10A. Sandstone, 

silty, mottled very light, gray, and light 

brownish-gray, silt to fine-grained sand, 

subangular to subrounded, clear and stain

ed quartz sand; mica and black minerals 

as accessories; firmly cemented; lenticular 

and irregular thin to thick bedded; laminat

ed very thin; irregular and lenticular bedded; 

crossbedded, lenticular trough, low angle 

small to medium scale; weathers blocky and
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flaggy; splits fissile; forms irregular Feet

ledge; limestone nodules along some 

bedding planes; some pseudo cross-

bedding; base is  sharp and ir re g u la r ........  11.5

1. Mudstone, pale reddish-brown 10R-5/4,

silt and clay with few very fine-grained 

sand grains; weakly cemented, calcareous 

splits crumbly; weathers fluffy; forms ir 

regular mid covered slope; area is slump

ed and cannot determine bedding; limestone 

nodules in lenticular beds; base is covered. 39.5

0. Covered interval . . . . . . . . . . . . . . . . . . . . . . . . . . .  50

Total incomplete Chinle fo rm ation .............. 341.0

PETRIFIED FOREST PF-11

Section starts about three miles east of Ojo Caliente Pueblo, Zuni 
Indian Reservation, New Mexico, and is measured up the wash for 
a distance of about 3 miles.

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Mudstone-siltstone beds:
17. Silty sandstone, pale red purple 5RP-.6/2,
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silt, fine- to medium-grained sand, 

subangular to angular quartz; poorly 

sorted; feldspar (?), mica, and black 

minerals as accessories; firmly ce

mented; splits platy; bedding features 

like unit 13; some ’’hoodoo" weathering; 

limestone nodules; base is sharp and

ir re g u la r ............................................ .

16. Slope unit; bedding flat and lenticular; 

forms irregular and covered slope; 

base is gradational:

Sample taken at 55 feet: Mudstone, gray

ish-red 10R-4/2, silt and clay; mica 

and black minerals as accessories; 

weakly cemented, calcareous; splits 

shaley; approximate thickness 14.5 feet.

Sample taken at 44 feet: Silty sandstone,

mottled grayish-red purple 5RP-4/2 and 

pinkish-gray SYR-8/1, silt, very fine- 

to fine-grained sand with few medium 

grains, subrounded to angular clear and 

stained quartz; poorly sorted; mica and 

black minerals as accessories; weakly

Feet

13
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cemented, calcareous; splits crumbly; Feet 

approximate thickness 16 feet.

Sample taken at 27 feet: Siltstone, pale

red purple 5RP-6/2, silt with some 

very fine- to fine-grained sand; black 

mineral as an accessory; weakly ce

mented, calcareous; splits shaley and 

fissil; approximate thickness 34 feet.

Total thickness of unit 1 6 ..................  64.5

15. Silty sandstone, pale red purple 5R-6/2, 

silt, very fine- to fine-grained sand; 

poorly sorted; abundant black mineral 

as an accessory; firmly cemented, cal

careous; splits platy; bedding features

like unit 1 5 ...................................................  3

14. Slope unit; flat and lenticular bedded; 

forms irregular and covered slope; 

calcite nodules in lenses at top of 

unit:

Sample taken at 22 feet: Siltstone, mottled

grayish red purple 5RP-4/2 and grayish 

orange pink 10R-8/2, silt with few fine

grained sands; black mineral as an
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accessory; weakly cemented, cal- Feet

car eons; splits crumbly; approximate 

thickness 4 feet.

Sample taken at 11 feet: Sandy silt-

stone, grayish-red 10R-4/2, silt, very 

fine-grained sand; black mineral as an 

accessory; weakly cemented; splits 

shaley; approximate thickness 20 feet.

Total thickness of unit 1 4 ........ . 24

13. Silty sandstone, pale red purple 5RP-

6/2, silt, fine- to medium-grained sand, 

subangular to angular clear and stained 

quartz; feldspar(?), mica, and black 

minerals as accessories; firmly ce

mented; splits platy; thin to very thick 

irregular and lenticular bedded; cross- 

bedded, low angle sm all- to medium- 

scale trough; weathers blocky; forms 

irregular ledge; contains thin siltstone 

and limestone conglomerate lenses; base

is sharp and irregular .............................  17. 5

12, Siltstone, sandy, grayish-red 10R-4/2, 

silt, very fine- to fine-grained sand;
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mica and black minerals as aeces- Feet 

series; weakly cemented; splits 

crumbly; forms irregular and cover

ed s lo p e .......... ...........................................  40

lie Silty sandstone, pale red 10R-6/2 and

very pale orange 10YR-8/2, silt, very 

fine- to fine-grained sand, subrounded 

to angular clear and stained quartz; black 

mineral as an accessory; weakly cemented; 

splits massive and platy; thin to very thick 

irregular and lenticular bedded; cross- 

bedded, low angle small to medium scale 

trough; weathers blocky; forms irregular 

ledge; contains few thin siltstone lenses; 

thickness of unit irregular; base is sharp

and ir re g u la r ....................  . . . . . . . . . . . . .  14

10, Sandy siltstone, pale red 5R-6/2, silt, 

very fine- to fine-grained sand, clear 

quartz; mica and black minerals as 

accessories; weakly cemented, calcareous; 

splits shaley and crumbly; flat and len

ticular bedded; forms irregular and cover

ed slope ...................... .......... .......................  47
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Taaiylone sandstone bed:
9B» Sandstone, pale red 5R-6/2, silt, very

fine- to fine-grained sand, subrounded 

to subangular clear quartz; mica and 

abundant black minerals as accessories; 

firmly to weakly cemented, calcareous; 

splits flaggy; irregular and lenticular 

thin to very thick bedded; crossbedded, 

lenticular low angle small to large 

scale trough; weathers blocky; forms 

irregular ledge and cliff; pebbles, 

quartz-jasper, 1 inch maximum diam

eter, mudstone pebbles abundant in 

lenses along crossbedding planes; some 

limestone conglomerate; some relative

ly pure lim estone.....................................

9A. Alternation of silty sandstone and ma

terial of unit 8. Silty sandstone, gray

ish-red 5R-4/2, silt, very fine- to 

medium-grained sand, subrounded to 

subangular clear and stained quartz; 

black mineral as an accessory; weakly 

cemented, slightly calcareous; splits 

platy; flat and lenticular bedded;

Feet

33
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crossbedded, lenticular low angle Feet

small scale trough; weathers blacky

and hackly; forms irregular ledge

and slope   ................................... 3

Total thickness of Taaiylone sand
stone b e d ..............................................  36

Mudstone-siltstone beds:
8, Slope unit; lenticular thick bedded; weath

ers fluffy; forms irregular, rolling, and 

covered slope; at 132 feet a sandstone 

ledge like unit 9B tongues and grades 

into the slope unit, sandstone ledge is 

about 15 feet thick 100 yards east of 

where section was measured:

Sample taken at 187 feet: Silty sand

stone, grayish-red 10R-4/2 to pale red 

1 OR-6/2, silt, very fine- to fine-grained 

sand, subrounded to subangular clear 

and stained quartz; poorly sorted; feld

spar (?), mica, and black minerals as 

accessories; weakly cemented, cal

careous; splits crumbly; approximate 

thickness 24 feet.

Sample taken at 165 feet: Sandy siltstone,
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mottled grayish-red 5R-4/2 and light Feet 

greenish-gray 5GY-8/1, silt, very 

fine-grained sand, clear and stained 

quartz; mica and black minerals as 

accessories; weakly cemented; splits 

shaley and fissile; approximate thick

ness 15 feet.

Sample taken at 154 feet: Siltstone, 

grayish-red 10R-4/2, silt and some 

very fine-grained sand; mica and black 

minerals as accessories; weakly ce

mented, calcareous; splits crumbly; 

approximate thickness 11 feet.

Sample taken at 143 feet: Mudstone,

grayish-red purple 5RP-4/2, silt, clay 

with some coarse-grained sand; weakly 

cemented; splits crumbly; approximate 

thickness 12 feet.

Sample taken at 132 feet: Silty sandstone,

pale red 5R-6/2, silt, very fine- to fine

grained sand, clear quartz; poorly sort

ed, feldspar(?), mica, and black min

erals as accessories; weakly cemented,
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calcareous; splits crumbly; approxi- Feet 

mate thickness 30 feet.

Sample taken at 93 feet: Sandy silt- 

stone, grayish-red 5R-4/2, silt, clay 

with very fine- to fine-grained sand; 

black mineral as an accessory; weakly 

cemented, calcareous; splits shaley and 

crumbly; approximate thickness 19 feet.

Sample taken at 82 feet: Mudstone, gray

ish-red 5RP-4/2 to pale red purple 5RP- 

6/2, silt, clay; black mineral as an ac

cessory; weakly cemented; splits shaley 

and crumbly; approximate thickness 16 

feet.

Sample taken at 60 feet: Mudstone, gray

ish-red purple 5RP-4/2, silt, clay; 

mica and black minerals as accessories; 

weakly cemented, calcareous; splits 

crumbly; approximate thickness 21 feet.

Covered interval 50 feet.

Total thickness of unit 8 ....................  199

Total thickness of incomplete upper
part of the Petrified Forest member . . .  458



178

7D, Silty sandstone^ pale red purple 5RP- Feet 

6/2, silt, clay, very fine- to fine

grained saucy subrounded to subangu- 

lar; poorly sorted; black mineral as 

an accessory; weakly cemented; cal

careous; splits platy and crumbly; 

thin to thick lenticular bedded; cross- 

bedded, low angle small to medium 

scale trough; weathers bloeky; forms

irregular ledge ..........................................  14

7Ce Slope unit; chiefly covered:

Sample taken at 22 feet: Siltstone, gray

ish-purple 5P-4/2, silt with some very 

fine-grained sand; mica and black min

erals as accessories; weakly cemented, 

calcareous; splits shaley; approximate 

thickness 6 feet.

Sample taken at 11 feet: Mudstone, gray

ish-red 5R-4/2 to grayish red purple 

5RP-4/2, silt, clay; mica and black 

minerals as accessories; weakly ce

mented, calcareous; splits shaley and 

crumbly; approximate thickness 19 feet.

Total thickness of unit 7C 25



179

7Be Sandstone, tuffaceons, pinkish-gray

5YR-8/1, silt, clay, fine- to medium

grained sand, rounded to subrounded; 

black mineral as an accessory; firmly 

to weakly cemented; slightly calcareous; 

splits platy and crumbly; bedding fea

tures like unit 6 .......................................

7A. Mudstone, mottled grayish-purple 5P- 

' 4/2 and pinkish-gray 5YR-8/1, silt, 

clay; mica as an accessory; weakly 

cemented; splits shaley and crumbly; 

limestone nodules abundant; contains 

few thin sandstone ledges; unit chiefly 

covered ................ .........................................

Total thickness of incomplete upper 
part .........................................................

Sonsela sandstone bed:
6e Sandstone, pinkish-gray 5YR-8/1, medi

um- to coarse-grained sand with some 

very fine- to fine-grained sand, silt, 

and clay, rounded to subrounded clear 

quartz; poorly sorted; black mineral as 

an accessory; firmly cemented; splits 

massive and crumbly; thick to very

Feet

3

19.5

519.5
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thick lenticular bedded; crossbedded. Feet 

lenticular and wedge high to low angle 

small to medium scale trough; weath« 

ers blocky; forms irregular ledge and 

vertical cliff; quartz-jasper pebbles 

maximum diameter 3/4 inch, average 

diameter l/8  to l/4  inch; limestone 

pebbles 3 inches maximum diameter; 

unit 6 ranges in thickness between 15 

and 60 feet, sandstone grades into 

m aterial like unit 5; base sharp and 

ir re g u la r ....................................................  16.5

Lower part:
5D. Siltstone, mottled grayish-purple 5P~

4/2 and yellowish-gray 5Y-8/1, silt

with some very fine-grained sand;

weakly cemented; splits shaley and

crumbly; flat and lenticular bedded;

forms regular and covered s lo p e ........ . 44

5C. Sandstone and conglomerate, tuffaceous(?), 

light gray N7 and very light gray N8, 

silt, clay, medium-grained sand, sub

rounded to subangular clear and few 

stained quartz; mica and black minerals



as accessories; weakly cemented; Feet

splits crumbly; bedding features like

unit 5A .......................................................  5. 5

5B. Covered interval .................................... 11
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5A* Calcareous sandstone and conglomerate, 

mottled pale blue 6PB-7/2 and very 

light gray N8, medium- to very coarse

grained sand; poorly sorted; clear quartz; 

black mineral as an accessory; weakly 

cemented, calcareous; splits crumbly; 

thin to thick flat and lenticular bedded; 

crossbedded, lenticular and wedge low 

angle small to medium scale trough; 

weathers blocky; forms irregular ledge; 

contains mudstone and limestone pebbles 

• 1-1/4 inches maximum diameter; quartz- 

jasper pebbles 3/8 inch maximum diam

eter, average diameter 1/4 inch; stains

of a black mineral; base is s h a rp ........  16e 5

4. Slope unit; thin to thick flat and lenticu

lar bedded; weathers smooth; forms 

covered and irregular slope; contains 

sandstone lenses of material like unit 3;
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sandstone beds tq? to 3 feet thick: Feet

Sample taken at 25 feet: Mudstone,

bentonitic, grayish-blue 5PB-5/2 and 

yellowish-gray 6Y-8/1, silt, clay with 

some medium-grained sand, clear quartz; 

black mineral as an accessory; weakly 

cemented; few small quartz-jasper peb

bles; approximate thickness 3.5 feet.

Sample taken at 22 feet: Mudstone, 

micaceous, mottled grayish-blue 5PB- 

5/2, pale red purple 5RP-6/2, and light 

greenish gray 5GY-8/1, silt, clay with 

some fine- to very fine-grained sand; 

mica and black minerals as accessories; 

weakly cemented; splits shaley; approxi

mate thickness 3 feet.

Sample taken at 19 feet: Mudstone, mot

tled grayish-purple 5P-4/2, grayish-red 

purple 5RP-4/2, dusky blue 5PB-3/2, 

and light greenish-gray 5G-8/1, silt, 

clay, and some very fine- to fine-grain

ed sand; mica and black minerals as 

.accessories; weakly cemented, some
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parts calcareous; splits fissile; approxi- Feet 

mate thickness 4 feet.

Sample taken at 17 feet: Mudstone,

grayish-red 10R-4/2, silt, day  with 

few very fine-grained sands; mica and 

black minerals as accessories; weakly 

cemented, slightly calcareous; splits 

shaley and crumbly; approximate thick

ness 17 feet.

Total thickness of unit 4 .................... 27. 5

Total thickness of lower part ................  104.5

Red member:

3. Silty sandstone, micaceous, grayish-red 

5R-4/2, silt, very fine-grained sand 

with few fine-grained sands; clear quartz; 

poorly sorted; mica and some black min

erals as accessories; firmly cemented, 

calcareous; splits platy; thin to thick 

flat bedded; crossbedded, wedge low 

angle medium scale; pseudo crossbed

ding; weathers blocky; forms irregular

ledge; base is gradational ........................  5.5

2. Silty sandstone and sandy siltstone.
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grayish-red 5R-4/2 and 10R-4/2, silt. Feet 

clear and stained quartz, very fine

grained sand; poorly sorted; mica as 

an accessory; weakly cemented, cal

careous; splits fissile; thin to thick 

flat and lenticular bedded; contains 

limestone conglomerate beds up to 2 

feet thick that contain reptile teeth 

and bone fragments; forms irregular 

and covered slope; base is covered . . . .  38.5

1. Covered interval ........................................... 25

Total incomplete thickness of Red 
"member .......................................................  69

Total incomplete thickness of Chinle 
formation .....................................................  709.5

PETRIFIED FOREST PF-11A

Section measured about 5 miles east of Ojo Caliente, New Mexico, 
and approximately two to three miles east of units 7-9B of section 
PF-11.

UPPER TRIASSjlC:

"WINGATE SANDSTONE;

Rock Point member:
102. Sandstone, silty and sandy silt, grayish-

red 10R-4/2 and pale reddish-brown 10R-
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5/4, silt, very fine-grained stained quartz Feet 

sand; weakly cemented; irregular, gnarly, 

and lenticular bedded; some "hoodoo"

w eathering....................................... : ............... 10-15

101. Sandy siltstone, pale reddish-brown 10R- 

5/4, * silt, very fine-grained stained 

quartz; black mineral as an accessory; 

weakly cemented; splits shaley; weathers 

into small blocks; forms irregular and 

rolling slope; sandstone ledge at 11 feet;

base is s h a rp ............ ............ .................. .....  38.5

Total incomplete Wingate sandstone ..........  48.5

CHINLE FORMATION:

Petrified Forest member:

Upper part:

100. Slope unit; flat and lenticular bedded; splits 

hackly; weathers fluffy; forms irregular 

and rolling slope; contains limestone nodules: 

Sample taken at 159.5 feet: Siltstone^ sandy 

pale red 5R-6/2 and 10R-6/2, silt, very 

fine-grained sand; weakly cemented; splits 

shaley; approximate thickness 19.5 feet. 

Sample taken at 143 feet: Siltstone, sandy.
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pale reddish-brown 10R-5/4, silt^ very 

fine-grained sand; weakly cemented; 

splits shaley; approximate thickness 16 

feet.

Sample taken at 115,5 feet: Mudstone,

grayish-red 10R-4/2, clay, silt; weakly 

cemented; splits shaley; approximate 

thickness 43 feet.

Sample taken at 82.5 feet: Siltstone, 

grayish-red 10R-4/2, silt with some very 

fine-grained sand; poorly cemented; splits 

shaley; some bleached spots; approximate 

thickness 16,5 feet.

Sample taken at 71.5 feet: Siltstone, mod

erate red 5R-5/4, silt with some very 

fine-grained sand; weakly cemented; splits 

shaley; approximate thickness 10 feet.

Sample taken at 33 feet: Sandstone, silty, 

pale red 5R-6/2, silt to fine-grained sand, 

subrounded to subangular clear and stain

ed quartz sand; poorly sorted; black min

eral as an accessory; weakly cemented; 

approximate thickness 66 feet.

Total thickness of unit 1 0 0 ..............

Feet

170.5
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99. Mudstone, claystoae, and siltstone with Feet

lenses of sandstone ........... ...........................  50

Total incomplete Chinle fo rm ation ............  220.5

PETRIFIED FOREST PF-12

Section measured about" half way between Zuni and Ojo Caliente 
Pueblo, New Mexico, between two and three miles southwest of 
section PF-10B.

UPPER TRIASSIC:

"WINGATE SANDSTONE:

Rock Point member:

8. .Sandstone with siltstone lenses, thin to thick

bedded...................................................................  254-

CHINLE FORMATION:

Petrified Forest member:

Upper part:
7. Slope unit; flat and lenticular thin to very

thick bedded; crossbedded, low angle trough; 

forms irregular slope; some thin limestone 

nodule beds; base is gradational:

Sample taken at 88 feet: Siltstone^ grayish-

red 5R-4/2, silt; weakly cemented; splits 

shaley; approximate thickness 19 feet.

Sample taken at 110 feet: Mudstone, grayish-
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red 5R-4/2 and 10R-4/2, clay, silt; Feet

weakly cemented; splits shaley; approxi

mate thickness 22 feet.

Sample taken at 132 feet: Siltstone^ gray

ish-red 10R-4/2; weakly cemented; splits 

shaley; approximate thickness 16 feet.

Sample taken at 60 feet: Mudstone, gray

ish-red 5R-4/2, clay, sUt with some very 

fine-grained sand grains; weakly cemented; 

splits shaley; approximate thickness 3 feet. 

Sample taken at 62,5 feet: Siltstone, sandy, 

light greenish gray 5G-8/1, silt, very fine

grained sand; weakly cemented; splits crumbly; 

approximate thickness 5.5 feet.

Sample taken at 71 feet: Siltstone, grayish-

red 10R-4/2, silt with some very fine

grained sand grains; weakly cemented; splits 

shaley; some bleached spots; approximate 

thickness 13 feet.

Sample taken at 38 feet: Sandstone, silty 

grayish-red 10R-4/2, silt, very fine-grained 

clear and stained quartz sand; mica and black 

minerals as accessories; weakly cemented;
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splits platy and shaley; bleached epots; 

approximate thicknesh 29 feet.

Sample taken at 22 feet: Claystone and 

sandstone, grayish-red 10R-4/2 and pale 

red 10R-6/2, clay to very fine-grained, 

subrounded to subangular, clear and stain

ed quartz grains; black mineral as an ac

cessory; weakly cemented; splits fissile 

and crumbly; some bleached sandstone; 

approximate thickness 13 feet*

Sample taken at 11 feet: Sandstone, silty 

grayish-red 10R-4/2, silt, very fine-grain

ed sand with few fine-grained, subrounded 

to subangular, clear and stained quartz 

grains; black mineral as an accessory; 

weakly cemented; splits crumbly; approxi

mate thickness 9 feet.

Sample taken at 5 feet: Sandstone, silty, 

grayish-red 5R-4/2, silt, very fine-grain

ed, clear and stained quartz sand; fair 

sorted; black mineral as an accessory; 

weakly cemented; splits shaley; approxi

mate thickness 8 feet*

Feet

Total thickness of unit 7 137.5



6C. Sandstone, silty, pale red 10R-6/2, silt to 

very fine«grained sand with some fine

grained sand grains; clear and stained 

quartz sand; weakly cemented; splits

p la ty ..................................................................

6B, Sandstone, silty, grayish-red 5R-4/2, silt, 

very fine-grained sand with few fine

grained sand grains, subrounded to sub- 

angular, clear and stained quartz; mica 

and black mineral as accessories; weakly 

cemented; splits crumbly; flat and len

ticular very thin to thin bedded; secondary

quartz .................................................

6A, Sandstone, silty, pale red 10R-6/2, silt,

very fine-grained clear and stained quartz 

sand; black mineral as an accessory; firm

ly to weakly cemented; splits p la ty ............

5, Siltstone, pale reddish-brown 1 OR-5/4, silt 

with some very fine-grained sand grains; 

weakly cemented; calcareous; flat and len

ticular bedded; contains some sandstone

lenses and calcareous nodules ....................

4. Sandstone; irregular and lenticular thin to

Feet

190

1

5.5

1

38.5
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very thick bedded; laminated, very thin 

to thin; crossbedded, lenticular low 

angle medium scale trough; splits platy; 

weathers blticky and rounded; forms i r 

regular ledge; base is irregular but mostly

covered ..............................................................

3. Siltstone and mudstone; flat and lenticular 

bedded; forms irregular and rolling slope; 

lower 38 feet covered:

Sample taken at 55 feet: Siltstone, pale red

dish-brown 10R-5/4, silt and some very 

fine-grained sand; firmly cemented, cal

careous; approximate thickness 65 feet.

Sample taken at 71 feet: Claystone, mod

erate red 5R-5/4, clay with some silt and 

very fine-grained sand grains; weakly ce

mented, calcareous; approximate thickness 

19,5 feet.

Total thickness of unit 3 ...................... ...

2. Alternation of silty sandstone with mudstone 

and siltstone. Sandstone, silty, pale red 

purple 5RP-6/2 to pale red 5R-6/2, silt, 

very fine-grained sand, subangular clear

Feet

19.5

84.5
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and stained quartz sand; fair sorted; mica Feet 

and black mineral as accessories; firmly 

cemented, siliceous; irregular and len

ticular thin to thick bedded; lamination, 

thin; crossbedded, high and low angle 

small to medium scale trough; weathers 

blocky; forms irregular ledge and slope; 

alternation of sandstone up to 10 feet with 

mudstone and siltstone up to 20 feet; mud

stone and siltstone not described; some

secondary quartz; base is s h a rp ..................  121

l .  Alternation of mudstone, claystone, and

S iltstone.............. ..................... .................... ... 50

Total incomplete Chinle formation . . . . . . .  423

PETRIFIED FOREST PF-13

Section measured about three miles northwest of Prewitt, New 
Mexico, and about two miles north of U. & Highway 66.

TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Correo(?) sandstone bed:
5. Sandstone and limestone conglomerate,
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flat, irregular, and lenticular thin to Feet 

very thick bedded; crossbedded, len

ticular and wedge low angle small to 

medium scale trough; weathers blocky; 

forms irregular ledge; some mudstone 

lenses. Sandstone, silty, pale red 5E- 

4/2, silt to fine-grained sand, subangular 

to subrounded; black mineral as an ac

cessory; firmly cemented; splits platy. 

Limestone conglomerate,, firmly ce

mented; contains some siltstone pebbles. 

Measured to top of hogback which may

not be top of u n i t .......................................... 20.5

Total thickness of CorreoQ?) sandstone
bed .................................................................  20.5

Mudstone-siltstone beds:
4. Slope unit; flat, irregular, and lenticular

thin to very thick bedded; weathers

hackly; forms irregular slope. Contains

1 foot thick lenticular beds of nodular

limestone throughout unit:

Sample taken at 92 feet: Siltstone, sandy

moderate red 5R-5/4, silt to fine-grained

sand; mica and black minerals as accessories;



weakly cemented; splits shaley and 

crumbly; approximate thickness 15 

feet.

Sample taken at 76 feet: Siltstone, pale

reddish-brown 10R-5/4; mica as an ac

cessory; weakly cemented; splits shaley; 

approximate thickness 20,5 feet.

Sample taken at 62 feet: Siltstone and 

limestone conglomerate, pale reddish- 

brown 10R-5/4, silt to very coarse-grain

ed, rounded quartz sand; weakly cemented; 

splits platy and crumbly; approximate 

thickness 3 feet.

Sample taken at 59 feet: Siltstone, gray

ish-red 5R-4/2, clay to silt, weakly ce

mented; splits shaley; approximate thick

ness 6,5 feet.

Sample taken at 49 feet: Siltstone, sandy, 

pale reddish-brown 10R-5/4, silt to very 

fine-grained sand; mica and black mineral 

as accessories; weakly cemented; splits 

platy; approximate thickness 10 feet.

Sample taken at 38 feet: Siltstone, pale
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reddish-brown 1QR-5/4, clay, silt, 

weakly cemented; splits shaley and 

crumbly; approximate thickness 19 

feet.

Sample taken at 24 feet: Limestone

conglomerate, grayish-red 5R-4/2 

and 10R-4/2, silt to fine-grained 

sand, clear and stained quartz; mica 

and black minerals as accessories; 

firmly to weakly cemented; splits 

crumbly; approximate thickness 2 feet. 

Sample taken at 22 feet: Siltstone, gray

ish-red 5R-4/2, silt with few very fine

grained sands; black mineral as an ac

cessory; weakly cemented; splits fissile; 

approximate thickness 23 feet.

Total thickness of unit 4 ............ .........

3, Sandstone, irregular and lenticular thin to 

very thick bedded; crossbedded, lenticu

lar, wedge, and tabular low angle small 

to medium scale trough; lamination very 

thin to thin; weathers blocky; forms i r 

regular ledge; contains mudcracks with

Feet

99,0
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blocks up to 4 inches across and cracks Feet 

1/8 inch wide; current ripple marks, very 

flat; base of unit contains mudstone peb

bles up to 2 inches diameter; quarry for 

flagstone at top of unit; base is irregular,

3B, Silty sandstone, pale red 5R-6/2, silt to 

fine-grained sand; clear and stained 

quartz sand; mica and black minerals 

as accessories; firmly cemented; splits

platy .......................... ....................................... 16,5

3A, Transition zone, sandy siltstone and lime

stone conglomerate, grayish-red 5R-4/2, 

clay to fine-grained sand; weakly ce

mented; splits fissile and crumbly; mud

stone pebbles ............................................ 2

Total thickness of unit 3 ......................  18,5

2, Slope unit; irregular and lenticular thin to 

very thick bedded; crossbedded; lenticu

lar and wedge, very large scale trough; 

weathers hackly; forms irregular ledge 

and slope; some sandstone weathered out 

into small knobs at base of unit:

Sample taken at 81 feet: Silty sandstone
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and mudstone, pale reddish-brown 10R- 

5/4, clay to very fine sand; clear and 

stained quartz; mica and black minerals 

as accessories; weakly cemented; splits 

fissile and crumbly; approximate thick

ness 5« 5 feet.

Sample taken at 76 feet: Siltstone, sandy,

pale reddish-brown 10R-5/4, silt to fine

grained sand, subangular to subrounded, 

clear and stained quartz; weakly cement

ed; splits shaley; approximate thickness 

5 feet.

Sample taken at 70 feet: Siltstone, sandy,

pale reddish-brown 10R-5/4, silt, very 

fine-grained sand; black mineral as an 

accessory; weakly cemented; splits platy 

and shaley; approximate thickness 6 feet. 

Sample taken at 38 feet: Siltstone, pale

reddish-brown 10R-5/4; weakly cement

ed; splits massive and fissile; approxi

mate thickness 42 feet.

Sample taken at 22 feet: Siltstone, pale

reddish-brown 1 OR-5/4, silt with some

Feet
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fine-grained sand;, black mineral as an Feet 

accessory; weakly cemented; splits mas

sive; approximate thickness 25 feet.

Sample taken at 3. feet: Sandstone, silty, 

grayish-red 10R-4/2, sllt^ very fine

grained sand, some fine-grained size 

sand, subangular to subrounded, clear 

and stained quartz; black mineral as an 

accessory; splits platy; approximate thick

ness 5 feet 4 .

Total thickness of. unit 2 ......................  83,5

1, Covered interval ..........................................  50

Total incomplete Chinle fo rm ation ..........  271,5

PETRIFIED FOREST PF-14

Section measured one mile north of Northchaves, and three to four 
miles northeast of Thoreau, New Mexico, and about 1-1/2 miles 
north of U, S» Highway 66,

UPPER JURASSIC:

ENTRADA SANDSTONE:

10, "Hoodoo" sandstone..........................No, meas, made

UPPER TRIASSIC:

WINGATE SANDSTONE:

9, Siltstone and sandstone, "orange-red," silt



to medium-grained sand, weakly ce~ Feet 

- mented; forms covered s lo p e ....................  22 approx.
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8, Sandstone and conglomerate, "orange-red," 

fine to medium grained; poorly sorted; 

firmly to weakly cemented; clear and 

stained quartz sand; flat and irregular 

thin to thick bedded; weathers blocky; 

forms irregular ledge; base gradation-

a l{ ? ) .................................................................  1

Approximate thickness of Wingate
sandstone........................................................  23

CHINLE FORMATION;

Owl Rock member:
7. Siltstone and limy siltstone, flat and len

ticular thin to thick bedded; weathers • 

hackly; forms irregular slope; base is 

gradational:

Sample taken at 22 feet: Siltstone, limy, 

pale red 1 OR-6/2, silt with few medium

grained sand grains; weakly cemented; 

splits fissile; contains sandstone dikes 

composed of basal Wingate lithology.

The dikes are in vertical position and 

shaped like large wedges with the sharp
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edge down. Maximum thickness is  Feet

1/2 foot and maximum height is be

tween 4 and 5 feet* Lithology of 

dike material: Sandstone, fine to 

coarse grained, well rounded, clear 

quartz sand; black mineral as an ac

cessory; firmly cemented; approximate 

thickness 8*5 feet*

Sample taken at 16 feet: Limestone, silty,

and sandy, pale red 10R-6/2, silt to fine

grained sand, subangular, clear quartz; 

black mineral as an accessory; weakly 

cemented; splits shaley; approximate 

thickness 7 feet*

Sample taken at 11 feet: Siltstone, sandy,

pale red purple 5RP-6/2, silt to medium 

grained, subangular to subrounded, clear 

and stained quartz sand; black mineral as 

an accessory; weakly cemented; splits 

shaley and fissile; approximate thickness 

5 feet.

Sample taken at 7 feet: Nodular lime

stone, silty, pale red 1 OR-6/2, firmly
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cemented; splits conchoidal; approxi

mate thickness 3 feet.

Sample taken at 5 feet: Siltstone, limy, 

pale red 10R-6/2, weakly cemented, 

splits platy and shaley; approximate 

thickness 6 feet.

Total thickness of unit 7 ......................

6. Limestone, siliceous, pale red purple 

5RP-6/2, well cemented; flat thick to 

very thick bedded; weathers blocky; 

forms irregular ledge, splits flaggy;

contains chert; base is gradational..........

Total thickness of Owl Rock member 

Petrified Forest member:

Upper part:

Mudstone-siltstone beds:
5. Slope unit of siltstone and mudstone; flat

and lenticular thin to very thick bedded;

weathers hackly; forms irregular slope;

base is gradational:

Sample taken at 98 feet: Siltstone, pale 

red 5R-6/2, silt with some very fine 

and fine-grained sand grains, rounded 

to well rounded, clear and stained quartz

Feet

27.5

4

31.5
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black mineral as an accessory; weak- Feet 

ly cemented; splits shaley and fissile; 

approximate thickness 4, 5 feet.

Sample taken at 97 feet: Limestone,

firmly cemented; splits conchoidal; 

approximate thickness 20 5 feet*

Sample taken at 92 feet: Siltstone,. cal

careous, pale red 10R-6/2, weakly ce

mented, calcareous; splits shaley; con

tains few bleached spots and some lime

stone nodules; approximate thickness 11. 

feet.

Sample taken at 76 feet: Siltstone, sandy,

pale reddish-brown 10R-5/4, silt to fine

grained, subangular to rounded clear and 

stained quartz sand; black mineral as an 

accessory; weakly cemented; splits shaley 

and fissile; few bleached spots; approxi

mate thickness 19 feet.

Sample taken at 54 feet: Siltstone, mod

erate pink 5R-7/4, silt with some clay; 

weakly cemented; splits shaley and crumb

ly; approximate thickness 19 feet.
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Sample taken at 38 feet: Mudstone, Feet

grayish-red 5R-4/2 and 10R-4/2, 

clay, silt; weakly cemented; splits 

shaley; approximate thickness 11 feet.

Sample taken at 11 feet: Siltstone, pale

reddish-brown 10R-5/4; weakly cement

ed; splits fissile; approximate thickness 

25 feet.

Total thickness of unit 5 ......................  101

4. Limestone, silty, flat and lenticular thick 

bedded; weathers blocky; forms irregular 

ledge; splits conchoidal; base gradational . 1

3A* Slope unit chiefly composed of siltstone; flat 

and lenticular thin to very thick bedded; 

weathers hackly and fluffy; forms irregu

lar, rolling, and partially covered slope; 

contains some sandstone channels:

Sample taken at 221 feet: Mudstone, pale

red 5R-6/2, clay to silt; weakly cement

ed; splits fissile and crumbly; approxi

mate thickness 17,5 feet.

Sample taken at 205 feet: Siltstone, gray

ish red 5R-4/2, silt with few very fine-
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grained sand grains; weakly cemented; 

approximate thickness 21 feet.

Sample taken at 178 feet: Siltstone, sandy, 

light brownish-gray 5YR-6/1, silt, very 

fine-grained sand; clear quartz; black 

mineral as an accessory; weakly cement

ed;  ̂splits crumbly; approximate thickness 

19 feet.

Sample taken at 167 feet: . Siltstone,. light 

brownish-gray 5YR-6/1, silt with few 

very fine-grained sand grains; weakly 

cemented; splits fissile and crumbly;

approximate thickness 27 feet.

Total thickness of unit 3A   ................  230. 5

3Bo Covered interval, base is  covered ............  146

Correo(?) sandstone bed:
2. Sandstone and siltstone, pale red 5R-4/2, 

silt to medium-grained, subrounded to 

rounded, clear and stained quartz sand; 

black mineral as an accessory; flat, ir 

regular, and lenticular thin to very thick 

bedded; crossbedded, lenticular, low angle 

small to medium scale trough; lamination



very thin; weathers blocky; forms ir -  Feet 

regular and covered ledge and slope; 

contains some thin to thick limestone 

conglomerate beds scattered throughout 

unit; most of siltstone lenses are cover

205

ed; contains thin flagstones and splits

flaggy; lower 27 feet exposed; base is

concealed.........................................................  38,3

Total thickness of Correo(?) sandstone
bed .................................................................  38.3

Mudstone-siltstone beds:
1. Covered interval .............. .. . . . . . . . .  30

Total incomplete thickness of Chinle 
formation .........................................................  421

PETRIFIED FOREST PF-15

Section at Petrified Forest National Monument, Arizona, measured 
at "Point of Bluff" about 5 miles southwest of Adam an a, Arizona, 
and about three to four miles west of checking station at the north 
entrance of the part. Measured by M. E. Cooley and J. P . Akers, 
November 25, 1953. Samples taken at the time of measurement were 
described by M. E. Cooley.

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:
12. Sandstone, silty, light olive gray 5Y-6/1,
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silt to fine-grained sand, subrounded, Feet

firmly cemented; fair sorted; clear 

and stained quartz; black mineral as 

an accessory; irregular and lenticular 

thin to thick bedded; crossbedded, wedge, 

low angle small to medium scale incline 

and trough; weathers blocky and hackly; 

forms irregular ledge; lower part of unit

contains more "massive" sandstone............  16,5

11, Slope unit of sUtstone and mudstone; len

ticular very thick bedded; weathers hackly; 

forms irregular and rolling slope; base is 

gradational:

Sample taken at 49 feet: Sandstone, silty,

light greenish-gray 5GY-8/1, silt to very 

fine-grained sand, clear quartz; fair sorted; 

mica and black minerals as accessories; 

firmly cemented; approximate thickness 

23, 5 feet.

Sample taken at 27 feet: SUtstone, black 

mineral as an accessory; pale greenish 

yellow 10Y-8/2; weakly cemented, calcareous; 

approximate thickness 15 feet.
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Sample taken at 19 feet: Limestone con~ Feet

glomerate, white N9, silt to very coarse

grained, clear and stained quartz sand; 

poorly sorted; well to firmly cemented; 

approximate thickness 8 feet.

Sample taken at 11 feet: Mudstone, medium

gray N5, clay, silt, weakly cemented; ap

proximate thickness of unit 15 feet.

Total thickness of unit 1 1 ............................ 61.5

10. Sandstone, pinkish-gray 5YR-8/1, silt to 

coarse-grained sand, subangular to sub

rounded clear, stained, and frosted quartz;- 

poorly sorted; black mineral as an acces

sory; well cemented; irregular and len

ticular thick to very thick bedded; cross- 

bedded, wedge, low angle small to medium 

scale simple and trough; weathers blocky; 

forms irregular cliff; pebbles up to 2 inches 

in diameter; some limestone pebbles; base 

is sharp. Coarse-grained material in cross

bedding planes and in s tr in g e rs ....................  27. 5

9. Silty sandstone and mudstone forming slope 

unit; flat and lenticular thin to very thick
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bedded; weathers hackly; forms irregular Feet 

slope; base is  gradational:

Sample taken at 38 feet: Sandstone^ silty,

light greenish-gray 5GY-8/1 silt to very 

fine-grained clear and stained quartz 

sand; mica and black mineral as acces

sories; firmly cemented; approximate 

thickness 24. 5 feet.

Sample taken at 28 feet: lim estone con

glomerate, very fine to medium grained 

sand, subangular to subrounded; clear and 

stained quartz sand; black and red minerals 

as accessories; firmly cemented; contains 

Unio(?); approximate thickness 1 foot.

Sample taken at 27 feet: Mudstone, medium

light gray N6, clay, silt; poorly cemented; 

approximate thickness 9 feet.

Sample taken at 11 feet: Sandstone, silty, 

grayish-red purple 5RP-4/2 and light 

• brownish-gray 5YR-6/1, silt, fine-grained 

clear and stained quartz sand; black min

eral as an accessory; firmly cemented; ap

proximate thickness 18 feet.

Total thickness of unit 9 52.5
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8» Sandstone and silty sandstone^ purplish- 

gray, silt to fine-grained sand, sub- 

angular to subrounded, clear and stain

ed quartz; fair sorted; mica, black, and 

dark green minerals as accessories; firmly 

cemented; irregular and lenticular thin to 

thick bedded; crossbedded, wedge, low 

angle small to medium scale trough and 

planar; weathers round and blocky; forms 

irregular ledge; at base of unit is a 1 foot 

thick bed of conglomerate composed of 

angular limestone fragments and mudstone

pellets; base is s h a rp .......................... ..

7, Siltstone, grayish-red purple 5RP-4/2,

weakly cemented; flat and massive very 

thick; forms irregular slope; contains 

limestone nodules; base is gradational . . .

Total incomplete thickness of upper part . .

Sonsela sandstone, bed:
6„ Sandstone; pebbles up to 5 inches diameter 

which are concentrated in crossbedding 

channels up to 4 feet thick; irregular and 

lenticular thin to very thick bedded; cross- 

bedded, lenticular and wedge, low angle

Feet

11

27.5

196.5
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small to medium scale planar and trough; Feet 

weathers round and blocky; forms irregu

lar cliff and ledge; base is sharp?

Sample taken at 27 feet: Sandstone, silty, 

very light gray N8, silt to medium-grain

ed sand, subrounded to rounded, clear, 

stained, and frosted quartz; poorly sorted; 

mica, black, red, and green minerals as 

accessories; weakly cemented; approximate 

thickness 22. 5 feet.

Sample taken at 11 feet: Sandstone and mud

stone, pinkish-gray 5YR-8/1 to medium 

gray N5, clay to medium-grained sand, sub- 

angular, clear, stained, and frosted quartz; 

poorly sorted; mica, black, and green min

erals as accessories; firmly to weakly ce

mented; approximate thickness 8 feet.

Sample taken at 5 feet: Sandstone, very 

light gray N8, very fine to medium grained, 

subangular to rounded clear, stained, and 

frosted quartz; well to fair sorted; mica 

and black minerals as accessories; well 

cemented; approximate thickness 8 feet.



Total thickness of unit 6
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Feet 

38.5

Total thickness of Sonsela sandstone bed . 38.5

Lower part:
5. Slope unit mudstone and sandstone; flat and 

lenticular thin to thick bedded; forms ir 

regular slope; base is gradational:

Sample taken at 11 feet: Mudstone, sandy,

medium gray N5, clay to fine-grained sand, 

clear quartz sand; mica as an accessory; 

poorly cemented; contains bleached spots; 

approximate thickness 7 feet.

Sample taken at 5 feet: Sandstone, pinkish- 

gray 5YR-8/1, very fine- to fine-grained 

with few medium-grained sand grains, sub

rounded to rounded, clear and stained quartz 

sand; fair sorted; mica and black minerals 

as accessories; firmly cemented; approxi

mate thickness 4 feet.

Siltstone, sandy, grayish-red purple 5RP- 

4/2, silt to fine-grained sand, subangular 

to rounded; clear and stained quartz sand; 

mica and black minerals as accessories; 

weakly cemented; approximate thickness 4 

feet.

Total thickness of unit 5 13
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4» Sandstone, silty, mottled pale red purple 

5RP-6/2 and pinkish-gray 5YR-8/1, silt 

to fine-grained sand, subrounded to 

rounded, clear and stained quartz; fair 

sorted; mica and black minerals as ac

cessories; firmly cemented; very thick 

bedded; crossbedded, low angle medium- 

to large-scale; weathers round and blocky; 

forms vertical cliff; contains flattened mud

stone pebbles up to 3/8 inch diameter, peb

bles are in stringers; base is s h a rp ..........

3. Slope unit of mudstone and siltstone, flat 

and lenticular thick to very thick bedded; 

weathers smooth and round; forms irregu

lar and rolling slope; base is gradational: 

Sample taken at -59 feet: Siltstone, sandy 

grayish-red purple 5RP-4/2, silt to very 

fine-grained sand; mica as an accessory; 

weakly cemented; approximate thickness 

16 feet.

Sample taken at 49 feet: Siltstone, sandy,

mottled pale red  purple 5RP-6/2 and light 

greenish-gray 5GY-8/1, silt, very fine-

Feet

13
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grained sand; clear and frosted quartz 

sand; mica and Mack minerals as ac

cessories; weakly cemented; approxi

mate thickness 18 feet.

Sample taken at 22 feet: Mudstone, sandy,

grayish-red purple 5RP-4/2, clay to fine

grained sand, angular to subangular; mica 

and Mack minerals as accessories; weak

ly cemented; approximate thickness 18 feet. 

Sample taken at 14 feet: Mudstone, gray

ish-red purple 5RP-4/2, silt, clay; weakly 

cemented; approximate thickness 5 feet. 

Sample taken at 8 feet: Sandstone* silty, 

yellowish gray 5Y-7/2 to pale red 5R-6/2, 

silt to fine-grained sand, angular to sub- 

angular, clear and stained quartz; poorly 

sorted; mica, black, and red minerals as 

accessories; firmly to weakly cemented; 

approximate thickness 4 feet.

Sample taken at 5 feet: Mudstone, grayish- 

red 5R-4/2, clay to very fine-grained 

sand; poorly cemented; approximate thick

ness 7 feet.

Feet

Total thickness of unit 3 70
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2, Sandstone, silty, mottled pale red purple Feet 

5RP-6/2 to white N9, silt to very 

coarse-grained sand, angular to sub- 

angular, clear, stained, and frosted 

' quartz sand; poorly sorted; mica and 

black minerals as accessories; firmly 

to weakly cemented; flat and lenticular 

thin to thick bedded; crossbedded, wedge 

and trough; weathers smooth and round; 

forms rolling slope; contains pebbles up 

to 3/4 inch diameter; base is gradational . .  24

I. Slope unit of chiefly mudstone, flat very

thick bedded; forms irregular and rolling 

slope; contains limestone nodules; base 

is concealed, .

Sample taken at 81 feet: Mudstone, grayish-

blue 5PB-5/2, clay to very fine-grained 

sand; mica and black minerals as acces

sories; weakly cemented; approximate 

thickness 6 feet.

Sample taken at 38 feet: Mudstone, sandy, 

medium light gray N6? clay to very fine

grained sand; weakly cemented; approximate
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thickness 51 feet. Feet

Sample taken at 19 feet: Siltstone,

mottled grayish red purple 5RP-4/2, 

grayish blue 5PB-5/2, and yellowish 

gray 5Y-7/2; weakly cemented; black 

and brown inclusions with bleached zones 

around some of them, some are siliceous; 

approximate thickness 15 feet.

Sample taken at 5 feet: Mudstone, grayish-

red 10R-4/2, silt to clay, mica as an ac

cessory; weakly cemented; contains bleach

ed zones and spots; approximate thickness

12 feet. •

Total thickness of unit 1 ........................  84

0. Covered interval ..............................................  504-

Total incomplete thickness of lower part . 203

Total incomplete Chinle formation . . .
(does not include thickness of covered 
interval)

438
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PETRIFIED FOREST PF-16

Section measured four miles east of Correct New Mexico, one mile 
north of U. S» Highway 66 at or near type section*

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Correo(?) sandstone bed:
3Do Sandstone with some lenses of conglom

erate; flat and lenticular thick to very 

thick bedded; crossbedded, low angle 

trough; weathers round, blocky and 

knobby; forms irregular ledge; more 

conglomerate occurs near base of unit 

and is concentrated in crossbedding 

channels; conglomerate is composed of 

mudstone pebbles:

Sample taken at 76 feet: Sandstone, light

gray N7, very fine- to medium-grained, 

subangular, clear and stained quartz 

sand; fair-fair sorted; mica and black 

minerals as accessories; firmly ce

mented, calcareous.
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Sample taken at 43 feet: Sandstone, Feet

pale red 1 OR-6/2, fine- to medium

grained, subangular, clear ami stain

ed quartz sand; well sorted; mica and 

black minerals as accessories; firmly 

to weakly cemented, calcareous.

Total thickness of unit 3D ..................  88

3C. Alternation of sandstone and conglomerate. 

Sandstone, silty, yellowish-gray 5Y- 

7/2, silt to fine-grained clear quartz 

sand; black mineral as an accessory; 

firmly cemented, calcareous. Conglom

erate, chiefly mudstone pebbles and lime

stone pebbles up to 1 inch diameter, 

average diameter 1/8 to l /4  inch in 

matrix of silty sand. Bedding irregular 

and lenticular thin to very thick; cross- 

bedded, lenticular low with some high 

angle trough; weathers blocky; forms 

irregular ledge; base is gradational;

conglom erate..........  4.0 feet
sandstone  ..........  9.4
conglomerate . . . . . .  5.4 pebbles somewhat coarser
sandstone ................ 20

. Total thickness of unit 3C 37,8



3B» Sandstone, silty, pale red 5R-8/2, silt 

to very fine-grained clear quartz

218

Feet

sand; well- to fair-sorted; mica and 

black minerals as accessories; weakly 

cemented, calcareous; flat, irregular, 

and lenticular very thin to thick bed

ded; pseudo crossbedded; splits fissile; 

weathers flaky and blocky; forms i r 

regular ledge and slope; some siltstone 

in upper part of unit; base is grada

tional ............................................................  10.5

3A» Sandstone, pale red 5R-6/2, silt to very 

fine-grained clear and stained quartz 

sand; well- to fair-sorted; mica and 

black and red minerals as accessories; 

firmly cemented, calcareous; flat, ir 

regular, and lenticular very thin to thick 

bedded; some pseudo crossbedding; splits 

fissile; weathers blocky; forms irregular 

ledge; contains some very thin lenticular

beds of siltstone; base is sharp and

gradational...................................................  1.5

Total thickness of Correo(?) sandstone 
b ed .................................................................  138
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Mudstone-siltstone beds: Feet
2. Siltstone and sandy siltstone; flat and

lenticular thin to very thick bedded;

weathers smooth; forms irregular and

rolling slope which is partially covered.. 37

1. Covered in te rv a l.............................................  25

Total incomplete thickness of Petrified 
Forest member . . . ................................. 200

PETRIFIED FOREST PF-17

Section measured about 5 miles west of Bluewater, New Mexico, 
and about 3 to 4 miles south of Baca Day School.

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Sonsela sandstone bed:
9. Sandstone and conglomerate, moderate orange 

pink 5YR-8/4 to very pale orange 10YR-*

8/2, very fine- to very coarse-grained, 

angular to rounded clear and stained quartz 

sand; poorly sorted; pebbles up to 2-1/2 

inches diameter and average diameter 

ranges from 1/8 inch to 1 inch; black 

mineral as an accessory; well to firmly
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cemented* siliceous; irregular and lenticu- Bet 

lar thin to very thick bedded; crossbedded; 

low angle with some high angle medium 

scale trough; weathers blocky; forms vertical 

and irregular cliff; some secondary quartz;

base is covered .................. .................... . 88

Lower part:
8. Slope unit of sandy mudstone, flat and len

ticular thick to very thick bedded; cross- 

bedded, weathers smooth and hackly; forms 

irregular and rolling slope; splits fissile; 

base is gradationaL Covered interval ap

proximately 67 feet:

Sample taken at 49 feet: Mudstone, sandy,

grayish-purple 5P-4/2, clay to very fine

grained sand; weakly cemented; approxi

mate thickness 11 feet.

Sample taken at 39 feet: Mudstone, sandy, 

grayish-red 5R-4/2, clay to very fine

grained sand; weakly cemented; bleached 

spots; approximate thickness 11 feet.

Sample taken at 27 feet: Mudstone, grayish- 

red purple 5RP-4/2, clay, silt; mica as an 

accessory; weakly cemented; bleached spots;
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approximate thickness 10 feet. Feet

Sample taken at 16 fe e t:, Mudstone, sandy, 

grayish-red f>R~4/2, clay to very fine

grained sand; mica as an accessory; 

bleached spots; approximate thickness

22 feet.

Total thickness of unit 6 *......................... 121

Total thickness of lower part ....................... 121

Red member:
7. Sandstone, irregular and lenticular thin to 

very thick bedded; weathers blocky; forms 

irregular and vertical cliff; base is irregu

lar; crossbedded, low angle large scale 

trough; channeling up to 15 feet:

7C. Sandstone, grayish-purple 5RP-4/2, 

very fine- to fine-grained subangular to 

angular; clear and stained quartz sand;

• fair sorted; mica and black minerals as 

accessories; firmly cemented; pseudo cross

bedding .......... ......................................................  11

7B. Sandstone, pinkish-gray 8 /l, very 

fine-grained, rounded to well-rounded, clear 

and stained quartz sand; well sorted; mica, 

black, and red minerals as accessories;
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well to firmly cemented; pseudo cross- Feet 

bedding .................................................................  5.5

7A. Sandstone, a pale red purple 5RP-4/2 

and very light gray N8, very fine- to fine

grained, rounded to well-rounded clear and 

stained quartz sand; well sorted; muscovite, 

biotite, black, ami red minerals as acces

sories; firmly cemented; contains some 

thick lenses of sandy silt; mudstone peb

bles up to 1-1/2 inch diameter; much chan

neling throughout unit; some ripple marks 

3 inches from crest to crest; leases of 

pseudo crossbedded sandstones; lenses of

limestone conglomerate : ................ . 16.5

Total thickness of unit 7 .......................... 33

6. Alternation of sandstone and silty sandstone; 

flat, irregular, and lenticular thin to thick 

bedded; weathers hackly and blocky; forms 

irregular ledge and slope; splits fissile and 

hackly; cusp ripple marks; some sandstones 

pseudo crossbedded; base is gradational. 

Sandstone, grayish-red purple 5RP-4/2 to 

pale red purple 5RP-6/2, very fine-grained,
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rounded to well-rounded, clear and 

stained quartz sand; well sorted; bio- 

tite, muscovite, and black minerals as 

accessories; firmly cemented* Sandstone, 

silty, grayish red purple 5RP-4/2, silt to 

very fine-grained sand, rounded to well- 

rounded, clear and stained quartz sand; 

well sorted; biotite and muscovite as ac

cessories; mica is concentrated along lam

ination planes ..................................................

5. Slope unit of claystone and mudstone; flat 

and lenticular thin to very thick bedded; 

crossbedded, lenticular very large scale; 

weathers hackly; forms irregular slope; 

base is covered:

Sample taken at 81 feet: Claystone, gray

ish-red 5R-4/2 and 10R-4/2, clay with 

some silt; mica as an accessory; some 

bleached spots; approximate thickness 

26. 5 feet.

Sample taken at 76 feet: Mudstone, gray

ish-red 5R-4/2 to 10R-4/2, clay, silt, 

mica as an accessory; weakly cemented;

Feet

22
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approximate thickness 5 feet. Feet

Sample taken at 70 feet: Claystone and

siltstone, mottled grayish-purple 5P-4/2 

and light greoaish-gray 5QY-8/1, clay, 

silt; mica as an accesmry; weakly ce

mented; approximate thickness 10 feet.

Sample taken at 54 feet: Claystone, gray

ish-red 5R-4/2, clay; mica as an accessory; 

few bleached spots; minute worm(?) burrows; 

^proxim ate thickness 38 feet.

Sample taken at 11 feet: Mudstone, grayish- 

red 5R-4/2 and grayish-red purple 5RP-4/2, 

clay, silt; weakly cemented; few bleached 

spots; approximate thickness 25 feet.

Total thickness of unit 5 ............................ 104.5

RED MEMBER AND UPPER MOENKOPI(?) SEDIMENTS 
UNDIFFERENTIATED:

4* Covered in te rv a l..................................................  76
•  . *

UPPER MOENKOPIC^) SEDIMENTS:

3. Limestone, silty, grayish-red 10R-4/2 to pale 

red 10R-6/2, silt, medium to poorly cement

ed; irregular very thin to tMck bedded; weath

ers blocky; forms irregular ledge and slope; 

contains limy sandstone; fine grained at top
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of unit; base is covered .......... .. 16.5

2. Limestone, sandy, fine to medium-grained;

hard to firmly cemented; flat bedded; weath

ers blocky; forms irregular ledge. Base 

is covered. Unit may be Permian ..............  5.5

Total incomplete Chinle formation and upper 
Moenkopi(?) sediments ................................. 466.5

PERMIAN:

SAN ANDRES FORMATION:

San Andres limestone member:
1. Limestone* gray, well cemented; flat, thin to

very thick bedded; weathers pitted and blocky;

forms irregular ledge; contains fossil brachio-

pods, cephalpods, and others in abundance;

contains chert; base is co vered ......................  204

PETRIFIED FOREST PF-19

Section about five miles southeast of St. Johns, Arizona, at Cedar 
Ridge anticline. Measured by M. E. Cooley, T. E. Grwen, and 
R. S. Robertson. Samples described by M. E. Cooley.

TERTIARY:

BIDAHOCHI FORMATION^):

10. Alternation of sand and silt beds, very 

pale orange 10YR-8/2, very fine- to 

coarse-grained sand and silt, subrounded
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to angular clear and stained, quartz Feet 

sand; poorly sorted; black mineral 

as an accessory; weakly cemented, 

calcareous; flat and lenticular bedded; 

caliche zones common; base is sharp

and irregular .............................................. 254-

UNCONFORMITY: Erosional, contact sharp and irregular.

UPPER TRIASSIC: •

CHINLE FORMATION:

Petrified Forest member:

Lower part:

Mudstone-siltstone beds:
9. Mudstone, grayish-red 10R-4/2, silt,

clay; mica and black minerals as 

accessories; weakly cemented; bedding 

features like unit 5A; base is grada

tional ................ ............................................ 21

Amejo sandstone bed:
8. Silty sandstone, light brownish-gray 5YR- 

6 /l , silt, very fine- to fine-grained 

sand, subangular clear quartz; poorly 

sorted; mica and black minerals as ac

cessories; weakly cemented, calcareous; 

lenticular bedded; thinly laminated; pseudo



crossbedded; forms Irregular ledge; Feet

unit chiefly covered  ........................  7
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7. Sandstone, grayish-orange 10YR-7/4 to 

very pale orange 1QYR-8/2, very fine- 

to fine-grained sand and some silt, 

subangular clear quartz; mica and black 

minerals as accessories; firmly cement

ed, siliceous(?); splits platy; thin to 

thick bedded; thinly laminated; cross- 

bedded, medium to low angle medium 

to small scale planar and some very 

low angle trough; some pseudo cross

bedding; forms vertical and irregular 

ledge; weathers blocky; some carbon

aceous material at base of unit in cross- 

bedding channels and in lower part of

. unit; few plant impressions; grades 

laterally into material like unit 6; 

base is sharp and irregular containing

channels up to 5 f e e t ........................ .. 16

Total thickness of Amejo sandstone bed. 23

6e Bentonitic claystone and mudstone; flat 

and lenticular thick bedded; forms
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chiefly a covered slope; weathers . Feet 

"puffy" and smooth; grades laterally 

into "blue mudstones;" contains some 

low grade uranium ore; base is grada

tional:

Sample taken at 18 feet: Mudstone, sandy, 

pale yellowish-orange 10YB-8/6, to very 

pale orange 10YR-8/2, silt, clay with 

some very fine- to coarse-grained sand, 

subrounded to subangular clear quartz; 

black mineral as an accessory; weakly 

cemented; approximate thickness 15 feet.

Sample taken at 12 feet: Bentonitic clay-

stone, pinkish gray 5YR-8/1; mica, 

black mineral, and gypsum as acces

sories; weakly cemented; approximate 

thickness 6 feet.

Sample taken at 5 feet: Claystone, ben

tonitic, greenish gray 5GY-6/1; black 

mineral and gypsum as accessories; 

weakly cemented; approximate thickness 

5 feet.

Sample taken at 3 feet: Claystone,
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bentonitic, pale yellowish brown 10YR- Feet 

6/2 to grayish orange 10YR-7/4, some 

fine-grained sand; black mineral and 

gypsum as accessories; weakly ce

mented; approximate thickness 4 feet.

Total thickness of unit 6 ....................  26

Total incomplete thickness of Petrified 
Forest member .......................................... 70

Mesa Redondo member:

5D, Siltstone, mottled grayish-red 5R-4/2 and 

light greenish-gray 5GY-8/1, silt and 

some very fine-grained sand; mica and 

black minerals as accessories; weakly . 

cemented; bedding features similar to

unit 5A; base is gradational....................  20

5C, Mudstone, grayish-red 10R-4/2, silt, 

clay; mica as an accessory; weakly 

cemented; bedding features similar 

to unit 5A; base is gradational . . . . . .  40

5B. Silty sandstone, mottled grayish-red 10R- 

4/2 and grayish-orange jink 10R-8/2, 

silt, very fine- to coarse-grained sand, 

angular to subangular clear quartz; mica 

and black minerals as accessories; firmly
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to weakly cemented; lenticular bedded; Feet 

crossbedded, low angle small to medi

um scale trough; base sharp and irregu

lar with relief of 1 fo o t .................. . 5

5A» Mudstone, grayish-red 10R-4/2, silt and 

clay; weakly cemented; bedding flat and 

lenticular; forms regular slope; becomes 

sandier in upper 1 foot of unit; weath

ers smooth; base irregular with relief

of 3 f e e t ................ ...................................... 20

4. Silty sandstone and conglomerate, mot

tled pale red purple 5RP-6/2 and pale 

pink 5RP-8/2, silt, very fine- to coarse

grained sand, subrounded to subangular 

clear quarts; poorly sorted; mica and 

black minerals as accessories; firmly 

cemented, calcareous; pebbles composed 

of quartz, quartzite, jasper, and lime

stone, maximum diameter 6 inches, 

average diameter ranges from 3/4 to 

2 inches; lenticular thick bedded; cross- 

bedded, large to very large scale low 

angle trough, some small scale trough;



forms vertical and irregular cliff; Feet

weathers blocky; contains few lenses 

of sandy siltstone; petrified logs; unit 

composed of:
Sandstone  ................ 18 feet
Sandstone and conglomerate . . .2 5
Conglomerate ............................2 0
Base is sharp and irregular with relief

up to 25 f e e t .......... .................................... 61

3' Mudstone, grayish-blue 5PB-5/2 and light 

brownish-gray 5YR-6/1, silt, clay with 

some very fine-grained sand, clear and 

stained quartz; black mineral as an ac

cessory; weakly cemented; very thin to 

thick flat and lenticular bedded; forms 

regular and covered slope; weathers 

smooth; plant fossils in upper 5 feet of
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unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13

Total Mesa Redondo member .................. 159

Shinarump member;
2B» Conglomerate and sandstone, yellowish- 

gray 5Y-8/1, very fine- to medium 

grained sand and some silt, subangular, 

clear and stained quartz; pebbles com

posed of chert, jasper, quartz, quartzite, 

and limestone, maximum diameter 8 inches,



average diameter 1 to 2-1/2 inches; Feet 

some Permian(?) fossils in some of 

the limestone pebbles; poorly sorted; 

firmly cemented; siliceous; flat and 

lenticular bedded; crossbedded poorly 

developed planar; forms irregular ledge; 

weathers blocky and crumbly; is a chan

nel deposit and tongues or grades into 

the lower part of unit 3; base is sharp
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and ir re g u la r ......................... 25

.Total incomplete thickness of Chinle 
formation  ...................... . 214

LOWER AND MIDDLE (?) TRIASSIC:

MOENKOPI FORMATION: •

Holbrook member:
2A, Sandstone* yellowish-gray 5Y-8/1, very

fine- to medium-grained sand, subround

ed to subangular clear and stained quartz; 

poorly sorted; black and red minerals 

as accessories; firmly cemented, sili

ceous; thick lenticular bedded; cross- 

bedded, low to medium angle medium 

scale trough, some small scale trough, 

some planar; forms irregular and vertical



cliff and ledge.; weathers blocky; con« Feet 

tains few quartz-jasper and limestone 

pebbles, few mudstone pebbles; limo- 

nite stains; unit is flatter bedded near 

top; base is sharp and irregular, no

relief could be m easu red ..........................  32

UNCONFORMITY: Erosional and nearly flat,

PERMIAN:

KAIBAB LIMESTONE:

1, Limestone, light olive gray 5Y-6/1; well 

cemented; dense, finely grained; thin to 

thick flat bedded, locally bedding is 

gnarly; forms irregular ledges; weath

ers blocky; weathered zone in upper 1 

foot of unit; ealeite veins common; base 

is covered ................ .................................... 47

PETRIFIED FOREST PF-20B

Section starts in road cut about four miles east of Chambers, Arizona, 
and ends in area due north of MWhite Elephant" about 2-1/2 miles 
east of Chambers, Measured north of U, S. Highway 66,

QUATERNARY:
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25. Terrace gravel 5 est.
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TERTIARY: Feet

BIDAHOCHI FORMATION:

24. BidahoeM formation ...................................... 20 est.

UNCONFORMITY: Erosional flat with no observable 
relief, no bleached or weathered zone.

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:

Chambers sandstone bed:
23* Sandstone, pale red purple 5RP-0/2 to

light brownish-gray 5YR-6/I, fine- to 

medium-grained sand and some silt, 

subrounded to subangular clear and 

stained quartz; poorly sorted; abundant 

black mineral as an accessory; firmly 

cemented, clacareous; splits flaggy; 

thin lenticular bedded; crossbedded, 

lenticular medium to low angle medi

um to large scale trough; weathers 

blocky; forms irregular ledge; silt- 

stone lenses, some limestone conglom

erate; base is sharp and channeled with 

10 feet of r e l i e f .............. .. ........ 22
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Mudstone-siltstone beds: Feet

22, Mudstone and silWkme, flat and len

ticular bedded; forms irregular and 

covered slope:

Sample taken at 44 feet: Mudstone^ 

grayish-red purple 5RP-4/2, silt, 

clay with few very fine-grained sands; 

mica as an accessory; weakly cement

ed; calcareous; splits shaley; bleached 

spots; approximate thickness 17.5 feet.

Sample taken at 30 feet: Siltstone, gray

ish-purple 5P-4/2, silt with some very 

fine-grained sand; mica and black min

erals as accessories; weakly cemented, 

calcareous; splits shaley and crumbly; 

approximate thickness 10 feet.

Sample taken at 20 feet: Mudstone, pale

red purple 5RP-6/2, silt and clay; 

mica and black minerals as accessories; 

weakly cemented, calcareous; splits 

shaley; blanched spots; approximate 

thickness 25 feet.

Total thickness of unit 22 52.5
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21. Sandstone, sim ilar to unit 23; lime* Feet

stone conglomerate lenses; small 

channels at base of unit; grades 

laterally in places into sandy silt- 

stone; base is sharp and irregular 

with relief up to 4 feet . . . . . . . . . . . . . . .  8

20. Slope unit; sim ilar to unit 22; few thin 

sandstone ledges in upper 15 feet of

u n i t .......... .............. .............. ....................  40. 5

19. Covered interval; m aterial probably

sim ilar to unit 22 ....................................  20

Total thickness of incomplete upper
part .......... ........................... .. 142. 5

Sonsela sandstone bed and lower part undifferentiated: 
18. Sandstone, pinkish-gray 5YR-8/1, fine-

to medium-grained, subrounded to sub- 

angular clear quartz; fair sorted; mica, 

black, and green minerals as acces

sories; firmly to weakly cemented, cal

careous; splits crumbly; bedding fea

tures like unit 1 4 ..................................... 11

17. * Covered interval; material probably

"blue mudstone"  .................... .. 44

16. Sandstone, mottled medium light gray



N6 and light gray Nf, fine- to coarse- Feet 

grained sand, subrounded to sub angular 

clear quartz; fair to poorly sorted; 

mica and Mack minerals as accessories; 

firmly cemented; bedding features 

sim ilar to unit 14; unit grades laterally 

into mudstone about l/2  mile north of

section; contains mudstone p ebb les........  5

15. Chiefly covered interval; m aterial

probably "blue mudstone;” limestone 

nodules common; a sandstone ledge

at 5 feet ................................................. . 32.5

14. Sandstone, light gray N7, fine- to medi

um-grained, rounded to subangular clear 

quartz; fair sorted; mica, black, and 

green minerals as accessories; firmly 

cemented, calcareous; thin to thick len

ticular bedded; crossbedded, lenticular 

and wedge, low angle medium scale 

trough; weathers blocky; forms irregular 

ledge; unit grades laterally into mud

stone; is large channel deposit; base 

is sharp and channeled with relief of 

4 feet
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6.5
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13. Covered interval, material probably Feet

of "bine m udstone".................... ............  51.5

12. Sandstone very light gray N8, fine- to 

medium-grained, subrounded to sub- 

angular clear quartz; fair sorted; black 

mineral as an accessory; firmly cement

ed, calcareous; splits massive and platy; 

thin to thick flat and lenticular bedded; 

crossbedded, medium to low angle 

medium to large scale lenticular and 

wedge trough; weathers blocky; forms 

irregular ledge; contains lenses of mud

stone between some of the crossbedding 

channels; quartz-jasper pebbles 5/8 inch 

maximum diameter; mudstone pebbles; 

limestone; petrified logs; base is sharp . 10

Total thickness of Sons el a sandstone
bed and lower part undifferentiated............159.5

Lower part:
11. Covered interval, "blue m udstone"............ 145

Total thickness of lower part of Petrified 
Forest member ................................ .. 145

Red member:
10. Sandstone, calcareous, grayish-orange

pink 5YR-7/2, very fine- to fine-grained,
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subrounded to subangular clear quartz; Feet 

well sorted; mica as an accesrory; 

firmly cemented, catoareoua; lenticu

lar thin bedded; crossbedded, pseudo; 

splits pM y and fissile; weathers hack

ly and blocky; forms irregular ledge; 

contains ripple marks with worm bur- 

row(?) markings; black dendritic mark

ings; thin limestone nodule bed; base

concealed but channeled .............. .............  15

9. Mudstone, silt and clay, greenish-gray 

5GY-6/1; black mineral as an acces

sory; very thin flat bedded; splits shaley; 

weathers hackly; forms irregular and 

covered slope; may be a weathered zone;

limonite s tr e a k s ............ ........... . 4

8. Mudstone, dusky blue 5PB-3/2, silt, clay; 

mica as an accessory; weakly cement

ed; calcareous; lenticular very thin bed

ded; splits crumbly; weathers hackly; 

forms irregular and covered slope; base

is gradational  .......... ..........................  7.5

7. Mudstone, grayish-red purple 5RP-4/2,
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silt, clay; mica and black minerals Feet 

as accessories; weakly cemented, cal

careous; splits shaley and crumbly;

bedding features similar to unit 3 ........  19,5

6, Silty sandstone; like unit 4; unit increases 

laterally to 4 feet and thins to 0 feet;

base is channeled........ .............. ............  1.5

5. Sandy siltstone, pale red  5R-6/2, very 

fine- to fine-grained sand, silt, clear 

and stained quartz; mica as an accessory; 

weakly cemented, calcareous; splits fis

sile and crumbly; bedding features similar

to unit 3 ..........................  . .  . . .  . . .  . . .  7.5

4. Silty sandstone, pale red purple 5RP-6/2,

. silt, very fine-grained sand, stained 

quartz; poorly sorted; mica as an ac

cessory; weakly cemented, calcareous; 

irregular and lenticular thin bedded; 

crossbedded, lenticular and wedge low 

to very low angle small to medium scale 

trough; pseudo crossbedding; weathers 

blocky and hackly; forms regular ledge; 

base is sharp and irregular with relief 

of l /2  foot 2



3. Sandy slltstone, pale red purple 5RP- Feet 

6/2, silt, very fine-grained sand; 

mica as an accessory; weakly ce

mented, calcareous; splits fissile; 

very thin flat and lenticular bedded; 

weathers smooth and hackly; forms

irregular and covered s lo p e ........ .. 28,5

2B. Sandstone, calcareous, yellowish-gray 5Y- 

8/1, very fine- to fine-grained sand, 

subangular clear quartz; fair sorted; 

mica as an accessory; firmly cement

ed, calcareous; splits flaggy and platy; 

lenticular thin to thick bedded; cross- 

bedded, lenticular medium to low angle 

small to medium scale trough; weathers 

hackly; forms irregular ledge; base is

gradational...................................................  9

2A, Limestone conglomerate; well cemented,

calcareous; lenticular very thick bedded; 

weathers blocky; splits massive; forms 

irregular ledge; pebbles, one quartz 3 

inches maximum diameter; reptile teeth 

and bone fragments; few hematite nodules;

241
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Feet

base is  sharp and ir re g u la r ....................  13

1, Covered interval . ...............................   254

Total thickness of incomplete Red
m em ber.......................... ..................................  132

Total thickness of incomplete Chinle
form ation.............................   579,5

PETRIFIED FOREST PF-21

Section about two miles west of Chambers, Arizona, along bluff about
300 yards north of U, S» Highway 66.

UPPER TRIASSIC:

: CHINLE FORMATION:

Petrified Forest member:

Upper part:

Chambers sandstone bed:
5. Sandstone and limestone conglomerate;

• irregular and lenticular thin to thick 

bedded; crossbedded, lenticular and 

wedge medium to low angle small to 

medium scale trough; weathers blocky; 

forms irregular ledge; base is sharp 

and irregular.

5F. Sandstone, very pale orange 10YR- 

8/2, fine grained with some medium 

grained, clear quartz; well sorted; black
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mineral as an accessory; firmly Feet

cemented; splits massive &.................. ... 10

5E» Sandy siltstone, mottled grayish- 

red purple 5RP-4/2 and light greenish- 

gray 5GY-8/1, silt, fine- to medium- 

grained sand, rounded to subrounded 

clear and stained quartz; black mineral 

as an accessory; weakly cemented, cal

careous; splits shaley and crumbly . . . .  1

5D. Sandstone, pinkish-gray 5YR-8/1, 

fine- to medium-grained, subangular 

clear quartz; fair sorted; black mineral 

as an accessory; firmly cemented, cal

careous; base s h a rp .................... ............  3

5C« Limestone conglomerate^ mottled 

brownish-gray 5YR-4/1 and light gray 

N7, some fine- to coarse-grained sand, 

rounded to subangular clear and stained 

quartz; black mineral as an accessory; 

firmly cemented, calcareous; splits 

crumbly; few quartz-jasper pebbles 1/4 

inch diameter; some mudstone; base is 

sharp 3



244

5B« Sandstone, light gray M7, fine- Feet

to medium-grained, subrounded to 

subangular clear quartz; fair sorted; 

black mineral as an accessory; firm

ly cemented, calcareous; splits flaggy;

base s h a rp ..................................................  2.5

5A» Limestone conglomerate, mottled 

pale red purple BRP-6/2, medium gray 

N5, and pinkish gray'5YR-8/1, some 

fine- td coarse-grained sand, subrounded 

to subangular clear and stained (few) 

quartz; poorly cemented; argillaceous 

m aterial as an accessory; firmly ce

mented, calcareous; splits crumbly; 

mudstone pebbles 8 inches maximum 

diameter; base sharp with relief of

1 fo o t ................ ......................... ..................  2.5

Total thickness of unit 5 ............ .. 22

4. Mudstone, grayish-red 5R-4/2, silt and 

clay; black mineral as an accessory; 

weakly cemented, calcareous; thin len

ticular bedded; splits crumbly; forms ir 

regular and covered s lo p e ........................ 16



3. Sandstone and limestone conglomerate; Feet 

thin to thick irregular and lenticular 

bedded; crossbedded, lenticular and 

wedge low angle small to medium 

scale trough; weathers blocky; forms 

irregular ledge; base is sharp.

3E. Sandstone, pinkish-gray 5YR-8/1, 

fine to medium grained; well sorted; 

black and green minerals as acces

sories; firm ly cemented, calcareous 5.5

3D. Limestone conglomerate; like unit 

3B; pebbles, quartz-jasper 1/4 inch 

diameter; Unio{?) and reptile teeth . . . .  2.5

3C. Sandstone; like unit 3E ....................  1

3B. Limestone conglomerate, mottled 

pale red purple 5RP-6/2, medium gray 

N5, and pinkish gray 5YR-8/1, some 

fine- to very coarse-grained sand, sub

rounded to angular clear quartz; black 

mineral and argillaceous material as 

accessories; firmly cemented, calcareous; 

splits crumbly; unit grades and tongues

145
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into material of unit SC; quartz peb« Feet

bles l /4  inch d iam ete r..............................  3

3A# Sandstone; like unit 3 E ......................  1

Total thickness of unit 3 . . . . . . . . . . .  13

Total thickness of Chambers sandstone 
bed .................. .............................................. 51

Mudstone-siltstone beds:
2* Mudstone, grayish-red purple 5RP-4/2 and 

light greenish-gray 5G-8/1; weakly ce

mented, calcareous; splits crumbly; flat 

and lenticular bedded; weathers hackly;

forms irregular and covered s lo p e ........  10

1. Covered interval; material probably

similar to unit 2 .............. .........................  25

Total thickness of incomplete Cfainle 
formation .......................................................  86

PETRIFIED FOREST PF-23A

Section measured in ”Flattop area” about four miles east of the 
Monument headquarters and three miles east of PF-23,

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:
11» Sandstone, pale red 1QR-5/6 and 5R-6/2



to pinkish-gray SYR-8/1, silt to fine- Feet 

grained sand, subrounded to angular 

clear quartz; poorly sortegd; black 

mineral as an accessory; firmly ce

mented; splits flaggy; lenticular thin 

to thick bedded; erossbedded, lenticu

lar and wedge low to medium angle 

small to medium scale trough; weath

ers blocky; forms irregular ledge and 

cliff; contains Unio(?); forms top of

butte; base sharp and ir re g u la r ..............  13

10. Mudstone and sUtstone, grayish-red 10R- 

4/2 and 5R-4/2, silt, clay; mica as an 

accessory; weakly cemented, calcareous;

bentonitic, is similar to unit 6 ..............  40.5

9. Sandstone, sim ilar to unit 7 ......................  18.5

8.' Mudstone and siltstone; bleached zone top 

20 feet of unit; limestone nodules in low

er part; sim ilar to unit 6 ........................  47

7. Sandstone, pale red 10R-6/2 to pinkish- 

gray 5YR-8/1, silt to fine-grained sand; 

poorly sorted; firmly cemented; splits 

flaggy; lenticular thin to very thick

247
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bedded; crossbedded, low to medium Feet 

angle medium to large scale trough; 

weathers blocky with some ’’hoodoo;” 

forms irregular ledge and vertical 

cliff; mudstone pebbles at base; lenses 

of silts tone and silty sandstone through" 

out lower part of unit; calcareous sand

stone concretions; flat current marks; 

some limestone conglomerate; base

sharp and f l a t .......... .................... . 21.5

6. Mudstone and siltstone, lavender gray, 

silt, clay; weakly cemented; splits 

' crumbly; flat and lenticular bedded; 

weathers hackly; forms irregular and 

covered slope; contains limestone con

glomerate; base is gradational.......... . 34

Total incomplete thickness of upper p a r t .  163 

Sonsela sandstone bed:
5B. Silty sandstone and siltstone^ light gray

N7, silt to fine grained with some med

ium-grained sand; mica as an accessory; 

weakly cemented, splits crumbly; cal

careous; lenticular thin to thick bedded; 

crossbedded, lenticular and wedge very
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. low to low angle large scale trough; Feet 

weathers hackly; forms irregular 

slope; base is  gradational.......... . 13

5A» Conglomeratic sandstone (same as unit

5 of PF-23), mottled light gray N7 and 

very light gray N8, very fine- to med

ium-grained, subrounded to subangular 

clear quartz; poorly sorted; firmly ce

mented; splits flaggy; crossbedded, len

ticular and wedge very low to low angle 

small to large scale trough; weathers 

blacky; forms irregular ledge; quartz 

pebbles 5/8 inch maximum diameter, 

average diameter l/4  inch; limestone 

nodules and limestone pebbles; base is

sharp and ir re g u la r .............    15

Total thickness of Sonsela sandstone
b e d ............................................................   28

Total thickness of incomplete Petrified 
Forest member ..............................      191
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PETRIFIED FOREST PF-23 

Measured at the Monument Headquarters,

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Petrified Forest member:

Sonsela sandstone bed:
5, Sandstone, grayish«pink 5R-8/2, very

fine to medium grained, subrounded to 

sub angular; fair sorted; mica and black 

minerals as accessories; firmly cement

ed; splits flaggy; flat and lenticular thin 

to thick bedded; crossbedded, lenticular 

and tabular low to medium angular small- 

scale trough; weathers blocky; forms 

irregular ledge; unit thickens to 20 feet 

west of section; unit grades eastward 

into m aterial like units 4A, 4C, and 4G; 

contains some sandy silt lenses; base is

ir re g u la r ................. .............. ........................ .... 6

Total thickness of Sonsela sandstone
b e d ........................................................................ 6

Lower part:

Mudstone-siltstone beds:
4G. Mudstone and tuffaceous sandstone; similar
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to unit 4A: Feet

Sample taken at 30 feet: Silty sand

stone, light brownish-gray, silt to 

fine-grained sand; poorly sorted; 

mica as an accessory; weakly cement

ed, calcareous; splits crumbly; ap

proximate thickness 23.5 feet.

Sample taken at 20 feet: Tuffaceous

sandstone, very light gray N8, clay 

to fine-grained sand, subangular clear 

quartz; poorly sorted; mica and black 

mineral as accessories; firmly to weak

ly cemented, calcareous; splits crumbly; 

approximate thickness 7 feet.

Sample taken at 17 feet: Mudstone, mot

tled light bluish-gray 5B-7/1 and very 

light gray N8, clay, silt; black mineral 

as an accessory; weakly cemented, cal

careous; splits fissile and crumbly; ap

proximate thickness 18 feet.

Total thickness of unit 4 G ..................  48.5

4F. Nodular limestone bed .................................. 5.5

4E. Mudstone, tuffaceous; similar to unit 4A . 7.5
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4D» Nodular limestone bed ..................................  2

4C. Mudstone, tuffaceous; sim ilar to unit 4A . 19

4Be Sandstone, tuffaceous, light greenish-*

gray 5GY-8/1, fine- to medium-grain

ed, clear and stained quarts; poorly 

sorted; mica and black minerals as ac

cessories; weakly cemented, calcareous; 

splits massive and crumbly; lenticular 

and tabular low angle small to medium- 

scale trough; weathers blocky; some 

"hoodoo;” forms irregular ledge; mud

stone pebbles concentrated along cross

bedding planes; limestone nodules; sand

stone concretions; few quartz-jasper peb

bles, maximum diameter 1/4 inch; lime

stone pebbles; unit grades laterally into 

units 4A and 4C, is a filled channel;

base is sharp and i r r e g u la r .................... 14

4A. Mudstone, tuffaceous, grayish-blue 5PB- 

5/2 and yellowish-gray 5Y-8/1, clay to 

very fine-grained sand; mica and black 

minerals as accessories; weakly ce

mented, calcareous; splits crumbly;
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flat and lenticular thin to very thick Feet 

bedded; weathers hackly; forms ir 

regular slope; nodular limestone bed 

at 27 feet; thin orange-brown chert 

beds near base; base is gradational . . . .  33

Total thickness of unit 4 ....................  129

Rainbow Forest sandstone bed:
3, Conglomerate, pinkish-gray SYR-8/1,

very fine- to coarse-grained sand, 

subrounded to angular clear and stain

ed quartz; poorly sorted; black min

eral as an accessory; firmly cement

ed; splits crumbly; lenticular thick to 

very thick bedded; crossbedded, lenticu

lar and wedge low to medium angle 

medium to large scale trough and planar; 

weathers blocky; forms irregular ledge; 

pebbles, quartz-jasper, maximum diam

eter 2-1/2 inches, average diameter 

1/4-5/8 inches; petrified logs of Third 

and Rainbow Forests were deposited by 

this unit; base is s h a rp ...................... . 15

Mudstone-siltstone beds:
2» Mudstone and siltstone, bentonitic, grayish



blue to light gray; weakly cemented; Feet 

lenticular bedded; weathers hackly; 

forms irregular and cowered slope . . . . .  13

1. Covered interval ..........................................  10
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Total incomplete thickness of lower p a r t . 167

Total incomplete thickness of Petrified 
Forest member ............................................ 173

PETRIFIED FOREST PF-24

Section measured two to three miles west of Painted Desert Inn, 
north of paved road connecting the Inn to the Petrified Forest 
turn off on U« S. Highway 66, and along dirt road to Petrified 
Forest water supply well.

QUATERNARY:

10, Terrace deposit ............. .................... . 20 est*

UNCONFORMITY: Erosional with about 6 feet of relief.

TERTIARY:

BIDAHOCHI FORMATION:

9. Sandy silt stone and silty sandstone, contains 

part of lava flow laterally; base is sharp

and f l a t ...............................................................  10

UNCONFORMITY: Erosional, flat.

UPPER TRIASSIC:

CHINEE FORMATION:
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Petrified Forest member: Feet

Upper part:

8* Mudstone, grayish-red 5R-4/2, silt, clay; 

mica and black minerals as accessories; 

weakly cemented; splits shaley; very ben

tonitic; bedding features like unit 6 . . . . . . .  20

7R. Tuff, pinkish-gray 5YR-8/1, some fine

grained sand; mica and argillaceous ma

terial as accessories; weakly cemented; 

splits crumbly and platy; flat, irregular, 

and lenticular thin bedded; weathers hackly 

and puffy; forms irregular slope; base is

gradational .................. ....................................... 41

7A, Alternation of limestone conglomerate and 

tuff. Limestone conglomerate, medium 

gray N5 to light gray N7, with some fine- 

to coarse-grained sand; black mineral and 

argillaceous material as accessories; firm

ly cemented, calcareous; splits crumbly. 

Mudstone, tuffaceous, very light gray N8, 

silt and clay with some very fine- to fine

grained sand; mica and black minerals as 

accessories; weakly cemented, calcareous;
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splits crumMy, Unit is irregular and leu- Feet 

tieular thin to very think bedded; weath

ers blocky and hackly; forms irregular 

ledge and slope; alternations of limestone 

conglomerate up to 8 feet with tuffaceous 

mudstone up to 4 feet; contains petrified

logs; base is gradational ................................ 27, 5

6B, Mudstone, bentonitic, pale reddish-brown 

10R-5/4, silt, clay with some very fine

grained sand; mica and black minerals as 

accessories; weakly cemented; splits platy 

and crumbly; flat and lenticular bedded; 

weathers hackly and "fluffy;" forms ir 

regular slope; contains nodular limestone 

beds, one limestone conglomerate or 

nodular bed at base of unit; poorly develop

ed selenite crystals; base is gradational . .  41,5

6A. Slope unit; lenticular thick bedded; weath

ers hackly and "fluffy;" forms irregular 

and covered slope; much slumpage; base is 

gradationak

Sample taken at 40 feet: Mudstone, ben

tonitic, grayish red 5R-4/2; black mineral
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as an accessory; weakly cemented; splits 

shaley and crumMy; approximate thick

ness 56 feet.

Sample taken at 5 feet: Silty sandstone, 

grayish-red 1 OR-4/2 and grayish-orange 

pink 5YE-7/2, silt, very fine-grained 

sand, clear and stained quartz; poorly 

sorted; black mineral as an accessory; 

weakly cemented; splits fissile and crumb

ly; approximate thickness 10 feet.

Total thickness of unit 6 A ........................

5, Sandstone, grayish-pink 5R-8/2, fine-grain

ed with few medium-grained sands, sub

rounded to subangular clear quartz; fair 

sorted; black mineral as an accessory; 

firmly cemented, calcareous; splits flaggy; 

irregular and lenticular thin to thick bed

ded; crossbedded, lenticular and wedge 

medium to low angle medium to large 

scale trough; weathers blocky; forms ir 

regular ledge; contains lenses of limestone 

conglomerate in lower part and lenses of 

mudstone in upper part; mudstone pebbles

Feet

66
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concentrated along bedding planes; con« Feet 

tains some prim ary slumpage struc

tures ...................................................................  18

4. Slope unit; flat and lenticular thin to very 

thick bedded; weathers smooth; forms ir 

regular and regular slope; Unio(?) and 

bone fragments on slope:

Sample taken at 115 feet: Mudstone, gray

ish-red 10R-4/2, silt, clay with few very 

fine-grained sands; mica and Mack min

erals as accessories; wekaly cemented; 

splits shaley; approximate thickness 26.5 

feet.

Sample taken at 40 feet: Mudstone, gray

ish-red 10R-4/2, silt, clay with few very 

fine-grained sands; black mineral as an 

accessory; weakly cemented, calcareous; 

splits shaley and crumbly; contains lime

stone nodule bed at 50 feet and a thin 

sandstone ledge at 88 feet; base is cover

ed; approximate thickness 100 feet.

Total thickness of unit 4 . . . . . . . . . . . . . .  126.5
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3, Sandstone and limestone conglomerate. 

Sandstone, light gray N7 to very light 

gray N8, fine to medium grained with 

some coarse-grained sand, subrounded 

to subangular clear and few stained quartz; 

poorly sorted; black mineral as an acces

sory; firmly cemented, calcareous; flat 

and lenticular thin to thick bedded; cross- 

bedded, lenticular medium to low angle 

small to medium scale trough; splits 

flaggy and crumbly; weathers blocky; 

forms irregular ledge. Limestone con

glomerate, matrix grayish-red 10R-4/2, 

medium to coarse grained with some 

fine-grained sand, subrounded to sub- 

angular clear quartz; black mineral as 

an accessory; firmly cemented, cal

careous; splits platy and crumbly. Unit 

contains Unio(?) coprorites(?), chert, and 

mudstone pebbles; limestone conglomerate 

contains limestone pebbles maximum diam

eter 6 inches and average diameter 1 to 

3 inches; base is sharp and regular . . . . .

Feet

5



160
Feet

2, "Blue mudstantf’ .................................. . 20

1. Covered interval .......................................... 25

Total thickness of incomplete upper part of 
the Petrified Forest member of the Chinle 
formation .......................... .. 390.5

PETRIFIED FOREST PF-24A 

Section measured below Painted Desert Inn#

TERTIARY:

BIDAHOCHI FORMATION:

10. Lava (Volcanic member) ..................................... 20-f

9. Lower member ........................................ .. 29

UNCONFORMITY: Erosional#

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Upper part:
8. Slope unit (same as unit 8 of PF-24); flat 

and lenticular thin to thick bedded; weath

ers hackly; forms irregular slope; base is 

gradational.

81# Mudstone, pale reddish-brown 10R- 

5/4, silt, clay with few very fine-grained 

sands; mica and black minerals as
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accessories; weakly cemented, cal- Feet

car eons; splits shaley and crumbly;

contains limestone nodules......... 2

8BL Gypsum, contains silt and clay ..........  1

8G. Siltstone, a pale red purple 5RP-6/2, 

silt with few very fine-grained sands, 

stained quartz; black mineral as an acces

sory; weakly cemented, calcareous and 

gypsiferous(?); contains some gypsum . . . .  36.5

8F. G ypsum ...................... .............. ................  1

8E. Siltstone; like unit 8G; contains some 

silty sandstone; limestone nodules common. 20

8Du Gypsum ...........................................     1

8C. Mudstone; similar to unit 8A . . . . . . . . .  24

8B. Siltstone, pale red purple 5FR-6/2; 

black mineral as an accessory; weakly ce

mented, calcareous; splits shaley and

crum bly ........ ............................................   14

8A. Mudstone, pale reddish-brown 10R- 

5/4, silt, clay with few very fine-grained 

sands; mica and gypsum(?) as accessories;

weakly cemented; salty t a s t e .......................   21

Total thickness of unit 8 ........................  120.5



7. Tuff and mudstone (same as  unit 7 of Feet

PF-24); pale red 5R-6/2 to pinkish- 

gray §YBi"8/l, silt, d ay  with few fine

grained sands; mica and Mack minerals 

as accessories; wekaly cemented; splits 

platy, shaley, and crumMy; flat, irregu

lar, and lenticular thin to thick bedded; 

weathers blocky and hackly; forms ir 

regular ledge and slope; 1 foot bed of 

limestone conglomerate at base of unit; 

unit contains limestone nodules; unit grad

es in and out laterally, but persists over 

general area of Painted Desert ton; base 

is gradational . . . . . .  . . .  . .  . . . .  . . .  33

6. Slope unit of mudstone and siltstone same

as unit 6 of PF-24 ...................... ............ . 50

Total incomplete thickness of upper part
of the Petrified Forest member of the
Chinle formation . . . . .  . .  . . . . . . . . . . . . . . . .  203.5

262
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PETRIFIED FOREST PF-25

Section located about one mile southeast of north ranger station. 
Petrified Forest National Monument, Arizona*

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Petrified Forest member:

Lower part:

Newspaper sandstone bed:
4, Sandstone, ’’Newspaper Rock” or ”Pieto~

glyph sandstone," yellowish-gray 5Y-7/2, 

very fine- to fine-grained sand; well 

sorted; mica and Mack minerals as ac

cessories; firmly cemented; calcareous; 

splits flaggy and platy; lenticular thin to 

very thick bedded; crossbedded, lenticu

lar and wedge small to large scale trough; 

pseudo crossbedding; weathers blocky; 

forms vertical cliff and irregular ledge; 

base is sharp and irregular with relief 

of 4 f e e t ........................................ ...................  34

Mudstone-siltstone beds:
3. Slope unit; lenticular thin to very thick

bedded; weathers hackly and ’’fluffy;”

forms irregular slope; base is gradational:
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Sample taken at 67 feet: Mudstone, Feet

yellowish-gray 5Y-7/2, silt, clay; 

mica and black minerals as acces

sories; weakly cemented; splits shaley; 

is bleached zone; approximate thickness 

2 feet.

Sample taken at 50 feet: Mudstone, gray

ish-blue 5PB-5/2, silt, clay; mica and 

black minerals as accessories; weakly 

cemented; splits shaley and crumbly; 

approximate thickness 28 feet.

Sample taken at 36 feet: Sandstone, white 

N9, medium- to very coarse-grained, 

subangular clear quartz; black mineral 

as an accessory; firmly to weakly ce

mented; splits crumbly; approximate 

thickness 4 feet.

Sample taken at 33 feet: Mudstone, ben

tonitic, grayish-blue 5PB-5/2, silt, clay; 

mica as an accessory; weakly cemented; 

splits shaley; approximate thickness 2 feet.

Sample taken at 22 feet: Silty sandstone, 

mottled grayish-blue 5PB-5/2 and bluish-
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white 5B-9/1, silt, fine™ to medium™ Feet 

grained sand, subrounded to subangular 

clear quartz; mica and Mack minerals 

as accessories; weakly cemented; splits 

crumbly; contains small black mica 

crystals; approximate thickness 17 feet.

Sample taken at 10 feet: Mudstone and 

siltstone, grayish«purple 5P-4/2, silt, 

clay; weakly cemented; splits shaley and 

fissile; approximate thickness 8 feet.

Sample taken at 5 feet: Mudstone, gray™

ish red 10R-4/2, silt, clay; mica and 

Mack minerals as accessories; weakly 

cemented; splits shaley; approximate 

thickness 4 feet.

Sample taken at 2 feet: Siltstone, mottled 

grayish-purple 5P-4/2 and yellowish-gray 

5Y-8/1, silt with few fine-grained sands; 

black mineral as an accessory; weakly 

cemented; splits shaley and crumbly; ap

proximate thickness 3 feet.

Total thickness of unit 3 ........................  68

Total thickness of incomplete lower part of 
the Petrified Forest m em b er............ . 102
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Red member:
2. SUty sandstone, mottled grayish-red 

10R-4/2 and yellowish-gray 5YR-8/1, 

silt, very fine-grMned sand with some 

fine-grained sand; clear and stained 

quartz; mica and black mineral as ac

cessories; weakly cemented; splits 

crumbly; lenticular bedded; weathers 

hacMy; iorm s regular slope; base is

concealed.........................................................  8

1. Covered interval, material probably similar

to unit 2 .....................    25

thickness of incomplete Red 
membor .........................................................  33

Total thictaaess of inc<mqilete Chinle 
formation .........................................................  135

PETRIFIED FOREST PF-26

Section located alcpg bluffs on south side of Milky Wash about three 
miles east of State Highway 260.

QUATERNARY:

3. Tdrrace d ^ o s i t ...............................................  5

UNCONFORMITY: Erosional mad flat.



287

UPPER TRIASSIC:

CHINLE FORMATION:

Feet

Petrified Forest member:

Lower part and Sonsela sandstone bed undifferentiated:
2, Slope unit; flat and lenticular thin to very

thick bedded; weathers hackly, smooth and

puffy; forms irregular and rolling slope;

base is concealed*

2Q, Mudstone; sim ilar to unit 2 F .............. .. 4

2P» Silty sandstone, light brownish-gray 

5YR-6/1, silt, very fine-grained sand, clear 

quartz; poorly sorted; weakly cemented, cal

careous; splits shaley and crum bly .......... . 21
? > . . .

2N. Limestone conglomerate ............................  3

2M» Mudston% tuffaceous, grayish-blue 5PB- 

5/2 to pale red purple 5RP-6/2, silt, clay 

with some very fine-grained sand, clear 

quartz; mica and Mack minerals as acces

sories; weakly cemented, calcareous; splits 

shaley and fissile; contains limestone

nodu les........................ ................ .................. . 11

21# Silty sandstone, light greenish-gray 5GY- 

8 /l , silt, very fine- to fine-grained sand with 

few medium-grained sands; subrounded to



subangular; poorly sorted; mica, black, Feet

and gypsumO?) as accessories; weakly

c«Mtited; splits crum bly .................................. 14

2K. Limestone conglomerate; Unio(?) ........... 2

268

2J» Siltstone, mottled pale purple 6RP-9/2 

and yellowish-gray 5Y-8/1, silt with some 

very fine-grained sand; mica and black min

erals as accessories; weakly cemented; splits

shaley and f is s i le .......................... .....................  17. 5

2L Limestone conglomerate; Unio(?) ............  3

2H. Mudstone, grayish-purple 5P-4/2, silt, 

clay with some very fine- to fine-grained 

sand; black mineral and gypsum(?) as ac

cessories; westitiy cemented, calcareous; 

splits shaley; contains fossil phytosaurs 

and amphibians, one badly dammage re 

mains dug out by J . F . Lance, C. A. Rep

enning, H. O. Ash, and the author, it in

cluded rib bones, vertebrae, and one 3 inch

tooth .................................... ...................................  33

2G. Sandy siltstone; similar to unit 2B; 1 

foot sandstone ledge containing petoles at 

10 feet above base ...................................... 28
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2F» Mudstone, mottled grayish-blue 5PB- Feet 

5/2 and yellowish-gray 5Y-8/1, silt, clay 

with few very fine-grained sands; weakly

cemented; splits shaley; U niof?)........ . 13

2B» Chert, tuffaceous(?), very pale orai%e 

10YR-8/2 and moderate reddish brown 10R- 

4/6; caldlte inclusions; well cemented; sili

ceous; unit appears to be tuff replaced by 

chert streaks; unit very lenticular; contains

worm burrow s(?)........ ................................. 2

2D. Mudstone, tuffaceous, light brownish- 

gray SYR-6/1, silt, clay; mica and black 

minerals as accessories; weakly cemented,

calcareous; contains black chert le n s e s ........  18

2C. Conglomeratic sandstone, very light gray 

N8, very fine- to very coarse-grained sand, 

silt, subrounded to subangular clear and few 

stained quartz; black mineral as an acces

sory; firmly to weakly cemented; splits crumb

ly; contains chert pebbles maximum diameter 

3 inches, average diameter 1/2 inch; mudstone 

pebbles; limestone pebbles containing Permian 

fossils brachiopods, bryozoa, coral, and
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Feet

pelecypods; unit is  a channel deposit............  10,5

2B. Sandy siltstoni^ mottled grayish-red 

purple 5RP-4/2 and light greenish-gray 5GY- 

8/1,. silt to medium-grained sand, subround

ed to subangular clear and stained quartz; 

mica and black minerals as accessories; 

weakly cemented; splits shaley and crumbly;

contains few fragments of gypsum ..................  19.5

2A, Mudstone,; grayish-purple 5P-4/2, silt, 

clay with few very fine-grained sands; mica 

as an accessory; weakly cemented; splits

shaley ...................................................     5

Total thickness of unit 2 ...........................  203.5

1. Covered interval, m aterial "blue mudstone" . .  25

Total thickness of incomplete Chinle
formation..................................................................... 228.5

PETRIFIED FOREST PF-26A

Section located about eight miles east of State Highway 260 and about 
five miles east of section PF-26.

QUATERNARY:

3. Terrace deposit ...................... ...............................  10

UNCONFORMITY: Erosional with relief of 5 feet.
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UPPER TRIASSIC: i Feet

CHINLE FORMATION:

Petrified Forest member:

Upper part and Sonsela sandstone bed undifferentiated:
2. Slope unit; flat and lenticular thin to very

thick bedded; weathers hackly and "fluffy;"

forms irregular aid  rolling slope:

23m Sandy siltstone, grayish-red 5R-4/2,

silt with very fine- to fine-grained sand,
A

stained quartz; mica and Mack minerals 

as accessories; weakly cemented, calcareous;

splits shaley ....................................................... . 32

2L Mudstone, light brownish-gray 5YR-6/1, 

silt, clay with few very fine-grained sands; 

mica and Mack minerals as accessories; 

weakly cemented; splits shaley to fissile;

contains limestone nodules................................ 13

2He Sandy siltstone; similar to unit 23  ........  24,

2G, Sandy siltstone, mottled pale red purple 

5RP-6/2 and light greenish-gray 5G-8/1, 

silt, very fine-grained sand, clear and stain

ed quartz; mica and Mack minerals as ac

cessories; weakly cemented; splits shaley . . .  10



m
2F. Sandy siltstone, grayish-red SR- Feet

4/2, silt, very fine- to fine-grained 

sand; black mineral as an accessory; 

weakly cemented; splits shaley and fis

sile; contains limestone nodules; Unio(?) . . . .  32

2E. Sandy siltstone, grayish-red 5R-4/2, 

silt, very fine- to fine-grained sand; weak

ly cem ented..........................................................  8

2D, Sandstone, bentonitic, very light gray 

N8, fine- to medium-grained sand with silt 

and clay, subrcwnded to subangular with few 

rounded clear quartz; poorly sorted; black 

mineral as an accessory; weakly cemented, 

calcareous; splits crumbly; contains lime

stone nodules .................... ............. ...................  17.5

2C. Tuff, light greenish-gray 5GY-8/1, 

silt, d ay  with few very fine- to fine-grained 

sands; mica, black, and green minerals as 

accessories; weakly cemented; tastes slightly

salty; bone fragments on f lo a t .......... ..............  15

2B. Mudstone, tuffaceous, grayish-blue 5PB- 

5/2, silt, clay with few very fine-grained 

sands; mica and black minerals as accessories;
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weakly cemented, calcareous; splits Feet

shaley; tastes slightly salty ............................  12,5

2A, Mudstone, tuffaceous, grayish-red 10R- 

4/2, silt, clay with some very fine-grained 

sand; mica and black minerals as acces

sories; weakly cemented, calcareous; splits 

shaley and crumbly 15

Total thickness of unit 2 ..........................  189

1, Covered interval, material similar to unit 2 . 25

Total thickness of incomplete Chinle for
mation ...............................     214

PETRIFIED FOREST PF-27

Section located along north side of Little Colorado River, one to three 
miles east of state Highway 260, and about 16 miles northwest of 
Concho, Arizona,

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Lower part:
8, Sandstone, very light gray N8, very fine- 

to very coarse-grained sand, subangular 

to angular clear quartz; poorly sorted; 

mica and black minerals as accessories; 

firmly cemented, siliceous; splits blocky;



Feet

bedded, lenticular and wedge medium 

to low angle small to medium scale 

trough; weathers blocky; forms irregu

lar ledge; contains mudstone and lime

stone pebbles up to 1 inch maximum 

diameter and quartz-jasper pebbles up 

to 1/4 inch maximum diameter; coarse

grained sandstone grades into pseudo cross- 

bedded sandstone. Pseudo crossbedded 

sandstone, silt, very fine-grained sand, 

clear quartz grains; mica and black min

erals as accessories; firmly to weakly ce

mented, siliceous; splits platy. Base is 

sharp and irregular with 3 feet of relief . . . .  7

Alternation of siltstone and mudstone beds; 

tMn to thick flat and lenticular bedded; cross- 

bedded, lenticular low to very tow angle large 

scale trough; weathers hackly; forms irregu

lar slope:

Mudstone* grayish-blue 5PB-5/2* silt, clay; 

poorly cemented; splits shaley and crumbly .

Siltstone, light gray N7 to very light gray

12
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N8, silt with few very fine-grained sands; Feet

mica and black minerals as accessories;

weakly cemented; splits crum bly .................  8

Alternation of grayish-blue mudstone and

light gray s ilts to n e .............................................. 25

Siltstone, grayish-blue 5PB-5/2, poorly ce

mented; splits crum bly ...................................... 8

Mudstone, grayish-red purple 5RP-4/2, silt, 

clay; black mineral as an accessory; weakly

cemented; splits crumbly .................................. 7

Siltstone, grayish-purple 5P-4/2; poorly ce

mented; splits shaley and crumbly ................  7

Total thickness of incomplete Petrified Forest 
m em ber........ .................. ...................................... 74

Mesa Redondo member:
6B. Silty sandstone, mottled grayish-red 6R-4/2 

and grayish-pink 5R-8/2, silt, very fine-

to coarse-grained sand, subrounded to angu

lar clear and stained quartz; poorly sorted; 

black mineral as an accessory; firmly ce

mented, argillaceous; splits crumbly; len

ticular thick bedded; crossbedded, lenticular 

medium to low angle small to medium scale 

trough and planar; forms irregular ledge;
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weathers blocky; contains quartz-ja iler Feet

pebbles up to 1/2 inch maximum diam~

nels; mud pebbles common; grades laterally 

into a fine-grained sandstone and into mud

stone and siltstone beds of sim ilar lithology 

as the lower part of unit 7. These mud

stone and siltstone beds contain thin layers 

of brownish-orange chert. Base is grada

tional and ir re g u la r ............................................ 13

6A. Silty sandstone^ mottled grayish-red 5R-4/2 

and grayish-pink 5R-8/2, very fine to fine 

grained with some coarse and medium grains 

and silt, subrounded to aubangular clear and 

stained quarts; poorly sorted; mica and black 

minerals as accessories; firmly cemented, 

argillaceous; splits crumbly; bedding features 

sim ilar to unit 6B; contains mud pebbles;

base is sharp and irregular ...................... . 7.5

5. Mudstone and siltstone; flat m d lenticular thin 

to thick bedded; crosabedded very low angle 

large scale trough; weathers hackly; forms
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regular and irregular slope; base is Feet

gradational:

Sample taken at 24 feet: Sltstone, mot

tled grayish-red 5R-4/2 and light green

ish-gray 5GY-8/1, silt and some very 

fine-grained sand; mica and black min

erals as accessories; weakly cemented; sp

lits shaley; approximate thickness 3 feet.

Sample taken at 22 feet: Mudstone, gray

ish-purple 5P-4/2, silt, clay; weakly ce

mented; approximate thickness 6 feet,

Sample taken at 10 feet: Mudstone, gray

ish-red 5R-4/2, silt, clay with some very 

fine-grained sand; mica and black minerals 

as accessories; splits shaley and crumbly; 

weakly cemented; approximate thickness 

17 feet,

Total thickness of unit 5 ...................... . 26

4E. Conglomeratic sandstone, mottled pale red 

purple 5RP-0/2 and pinkish-gray 5YB-8/1, 

fine- to medium-grained sand with silt and 

clay, subrounded to subangular clear and 

stained quartz; poorly sorted; mica and black
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mineral as accessories; firmly cemented, Feet 

calcareous and argillaceous; pebbles max- 

imum diameter 3 inches, average diameter 

3/8 to 5/8 inches; streaks of mudstone;

bedding features similar to unit 4 B ..............  6

4D. Silty sandstone, mottled pale red purple 5RP- 

6/2 and pinkish-gray .5YR-8/1, very fine- 

to medium-grained sand and silt, subrounded 

to angular clear quartz; poorly sorted; black 

mineral as an accessory; weakly cemented, 

calcareous and argillaceous; splits crumbly; 

contains few scattered pebbles; bedding fea

tures similar to unit 4 B .................... .. 15.5

4C. Conglomeratic sandstone, mottled grayish-red 

purple 5RP-4/2) pale red purple 5RP-6/2, 

and pale pink 5RP-8/2, very fine- to medi

um-grained sand with some coarse grains 

and silt, subrounded to angular clear quartz; 

poorly sorted; mica and black minerals as 

accessories; firmly to weakly cemented, 

slightly calcareous; splits crumbly; bedding

features sim ilar to unit 4 B ..............................  3

4B. Conglomerate, mottled pale red purple 5RP-
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8/2, silt* day , medium- to coarse-grained Feet 

sand, subrounded clear quartz; poorly sort

ed; poorly cemented, slightly calcareous 

and argillaceous; splits crumbly; thick len

ticular bedded; crossbedded, lenticular 

and wedge medium to low angle medium to 

large scale trough; weathers blocky; forms 

irregular ledge; contains quartz, jasper, 

chert, and limestone pebbles, maximum di

ameter 6 inches, average diameter 5/8 to 

1 inch; few mud pellets and mudstone peb

bles ................ ............................ .................... ...  7

4A. Silty sandstone, mottled pale red purple 5RP- 

6/2 and pale pink 5RP-8/2, silt to medium

grained sand, subrounded to angular" clear 

and stained quartz; poorly sorted; mica and 

black minerals as accessories; poorly ce

mented; splits crumbly; bedding features

sim ilar to 4B .......................... ............................ 5

Unit 4 grades into a very fine-grained silty 

sandstone about 1 mile east of section. Base 

of unit 4 is sharp and irregular, with relief 

of about 20 feet.

Total thickness of unit 4 . ............  36,5



3D, Alternation of mudstone and siltstone; very Feet 

thin to thick flat and lenticular bedded; 

forms regular and covered slope:

Sample taken at 16. feet: Mudstone, gray

ish-red purple 5RP-4/2, silt, clay with 

few very fine-grained sand; black mineral 

as an accessory; poorly cemented, cal

careous; approximate thickness 16 feet.

Sample taken at 14 feet: Silty sandstone,

light greenish-gray 5G-8/1, silt, very 

fine-grained sand, subrounded to subangu- 

lar clear quartz; weakly cemented; splits 

crumbly; approximate thickness 6 feet.

Sample taken at 5 feet: Siltstone, brown

ish-gray 5YR-4/1; mica and Mack minerals 

as accessories; weakly cemented; splits 

shaley and crumbly. Approximate thick

ness 9 feet.

Total thickness of unit 3D #####*#*»*#### 31

3C, Sandy siltstone, moderate yellowish-brown 

10YR-5/4, silt, vary fine-grained sand, 

d e a r  quarts; firmly cemented, calcareous 

and siliceous; contains limonite concretions

280
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and is limonite stained; grades laterally Feet 

into m aterial like unit 3B; base is sharp . . .  0,5

3B, Mudstone, mottled grayish-red purple 5RP- 

4/2 and pinkish-gray 5YR-8/1? silt, clay 

with few very fine-grained sands, clear 

. quartz; black mineral as an accessory; 

weakly cemented; lenticular bedded; weath

ers  hackly; forms irregular slope; base is

gradational..........................................................  5

3A. t Sandstone, light greenish-gray 5GY-8/1, very 

fine-grained sand, subrounded to subangular 

clear quartz; black mineral as an accessory; 

well cemented, siliceous; irregular bedded; 

weathers blocky and hackly; forms irregular 

ledge; limonite stains; base is sharp and i r 

regular ........ ..........................................................  1.5

The lower part of unit 3 grades into a very

light gray N8 fine- to coarse-grained silty
%

sandstone 1 mile northeast of section.

Total thickness of unit 3 ..............................  36

Total thickness of Mesa Redondo member . . . .  116

Total thickness of incomplete Chinle 
formation * * * # » * * » * * # # * # # * # # # # # * * # * * » * # * # * » . 190



282

UNCONFORMITY: Erosional, bleached zone at top Feet
of Moenkofdl formation, relief at section of 1 fo o t,  
relief in area of over 15 feet,

LOWER AND MIDDLE(?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
2, Mudstone and siltstone; very thin to thin

flat and lenticular bedded; weathers hackly; 

forms irregular slope; base is  gradational:

Sample taken at 6 feet: Mudstone, grayish-

red 10R-4/2, silt, clay with few very fine

grained sands; mica as an accessory; weak

ly cemented; splits shaley; approximate 

thickness 6,5 feet.

Sample taken at 2 feet: Siltstone, grayish-

red 5R-4/2, silt and some very fine-grained 

sand; mica and black mineral as accessories; 

weakly cemented; approximate thickness 2,5 

feet.

Sample taken at 1 foot: Sandy siltstone, gray- 

ish-red 5R-4/2, silt, very fine-grained sand; 

mica and black minerals as accessories; 

weakly cemented, calcareous; splits shaley 

and crumbly; approximate thickness 1,5 feet.

Total thickness of unit 2 10.5
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1* Sandstone, silty, grayish-red 10R-4/2, Feet

silt, very fine- to fine-grained sand, 

subrounded to subangular with few round

ed clear and stained quartz; poorly sorted; 

mica and black minerals as accessories; 

firmly cemented; very thin to thin lenticu

lar bedded; crossbedded, lenticular medium 

to low angle medium scale trough; splits 

flaggy; weathers blocky; forms irregular

ledge. Base is sharp and ir re g u la r ............  11

Total thickness of incomplete Moenkopi
formation .................................................................  21. 5

PETRIFIED FOREST PF-30

Section near fault (west side) along road to Lake Bluewater about 
three miles west of Bluewater, New Mexico.

MIDDLE{?) AND UPPER(?) TRIASSIC:

UPPER MOENKOPI(?) SEDIMENTS:

4. Sandstone and conglomerate, pale red purple 5RP- 

6/2, silt to medium-grained sand, subrounded to 

subangular d e a r  and stained quartz; poorly sorted; 

black mineral as an accessory; firmly cemented, 

calcareous; splits flaggy; irregular and lenticular 

thin to thick bedded; crossbedded, medium to low
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angle medium scale trough; weathers blocky; 

forms irregular ledge; quartz-jasper pebbles 

1-1/4 inches maximum diameter, average di

ameter l /4  to 3/8 inch; units 2, 3, and 4 form 

channel deposits on the San Andres limestone

member; base is sharp and ir re g u la r ............ ..

3. Slope unit; flat thin bedded; weathers hackly; forms 

irregular slope; contains nodules o f. conglomerate 

composed of quartz-jasper pebbles 1 inch maxi

mum diameter#

Sample taken at 20 feet: Mudstone and stitstone, 

dark reddish-brown 10R-3/4, silt, clay with few 

very fine-grained sands, stained quartz; mica(?) 

as an accessory; weakly cemented, calcareous; 

splits shaley; approximate thickness 4 feet#

Sample taken at 15 feet: Siltstcme, light greenish- 

gray 5GY-8/1, mica(?) as an accessory; weakly 

cemented; q»lits shaley and fissile; approximate 

thickness 8 feet#

Sample taken at 5 feet: SUtstone, yellowish-gray

SYR-7/2, mica(?) and argillaceous material as 

accessories; weakly cemented; splits shaley; ap-

Feet

10

proximate thickness 10 fed# 

Total thickness of unit 3 22
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2. Chert; well cemented, siliceous; irregular, gnarly, Feet 

• and structureless; weathers blocky; forms ir» 

regaler ledge; contains grains of sand(?), fiberous 

silica or ’’splinters;” base is  sharp and irregu

lar with relief of 3 f e e t ........ ....................................... 5

PERMIAN:

SAN ANDRES FORMATION:

1. Limestone ...........................................................................  254

PETRIFIED FOREST PF-32

Section located about five miles south of Grants, New Mexico.

MIDDLE(?) AND UPPER(?) TRIASSIC:

UPPER MOENKDPI(?) SEDIMENTS:

6. Sandstone, mottled pale yellowish-brown 10YR-6/2 

and very pale orange 10YR-8/2, very fine to fine 

grained sand with some medium grained, angular 

clear quartz; fair sorted; mica and black minerals 

as accessories; firmly to tersely cemented; cal

careous; lenticular thin to very thick bedded; cross- 

bedded, medium to low angle medium scale trough; 

splits flaggy; weathers round and blocky; forms 

vertical and irregular cliff; contains limestone peb

bles (possible San Andres); limestone conglomerate
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Feet
20~40beds; base is  concealed.............................................

5. Sandy siltstone and silty sandstone; flat and len

ticular thin bedded; weathers hackly; forms i r 

regular ami covered slope.

Upper 10 feet: Sandstone* light bluish-gray SB-

7/1, grayish-purple 5P-4/2, and grayish-red 10R- 

4/2, very fine to fine grained with some medium- 

grained sand; firmly cemented, siliceous(?); splits 

massive; bleached zone.

Lower 34 feet: Sandy siltstone and silty sandstone, 

grayish-red 10R-4/2, silt, very fine-grained sand,
i .

stained quartz; black mineral as an accessory; 

weakly cemented; splits fissile and crumbly; flat 

and lenticular thin bedded; weathers hackly; forms 

irregular and covered slope.

Total thickness of unit 5 .................... ...................  44

4. Conglomerate and sandstone, light gray N7, fine- to 

medium-grained sand, subrounded to angular clear 

and stained quartz; poorly sorted; black mineral 

as an accessory; firmly cemented, calcareous; 

splits flaggy and crumbly; lenticular thin to thick 

bedded; crossbedded, lenticular trough(?); weath

ers Mocky; forms irregular ledge and slope;



287

quartz-jasper pebbles 2 .inches maximum diam- Feet 

eter, average diameter 1/4-1/2 inch; limestone

pebbles; base sharp and f l a t ........ ; ................. .........  6

3e Silty sandstone and calcareous sandstone: Cal

careous sandstone, grayish-red 5R-4/2, silt to 

medium grained sand; black mineral as an ac

cessory; firmly cemented; calcareous. Silty sand

stone, grayish-red 1 OR-4/2, silt, very fine-grain

ed sand, stained quartz; mica and black minerals 

as accessories; weakly cemented; splits ahaley.

Unit is  flat and lemticular this bedded; weathers 

hackly; forms irregular ledge and slope; base is

gradational ................ ..................................................  16.5

2. Siltstone, pale reddish-brown 1 OR-5/4, silt with 

some very fine-grained sand; mica(?) as an ac

cessory; weakly cemented, calcareous; splits 

crumbly and shaley; weathers hackly; forms ir 

regular and covered slope; lower 5 feet bleached . 24

Total thickness of upper Moenkopi(?) sediments . . . .  110.5 

PERMIAN:

SAN ANDRES FORMATION:

1. Limestone 254-
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PETRIFIED FOREST PF-33

» \r'. -

Section located about 1-1/2 miles southwest of Lyman Reservoir along
canal about 10 miles south of SL Johns, Arizona,

' : '  = * .

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Mesa Redondo member (?):
2. Sandstone, pale red 10R-6/2 very fine to fine

grained with some medium-grained sand, sub- 

angular to angular clear with few stained 

quartz; fair sorted; mica as an accessory; 

firmly cemented, calcareous (slightly); splits 

flaggy; crossbedded, lenticular low angle medium 

scale trough; weathers Uocky; forms irregular 

ledge; few quartz-jasper pebbles scattered through

out unit maximum diameter 1 inch, average diam

eter 1/4 inch; base sharp and irregular and 

channeled with local relief about 2 f e e t ..............  3

UNCONFORMITY! Erosional, sharp, and with relief of 
about 20 feet,

LOWER AND MIDDLE (?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
1. Slope unit; flat and lenticular, thin to thick bedded; 

weathers hackly and Mocky; forms irregular
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slope; base is covered: Feet

IE . Mudstone, pale reddish-brown 10R- 

5/4 to  pale red 10R-6/2, silt, clay; mica 

and Mack minerals as accessories; weakly

cemented, calcareous; splits sh a le y ....................  1.5

ID. Silty sandstone, pale red 10R-6/2, silt, 

very fine-grained sand, subangular to angular 

clear and stained quartz; mica and black min- 

erals as accessories; firmly to weakly cement

ed, calcareous; splits crum bly .............................. 1

1C. Sandy mudstone and SUtstone^ pale reddish- 

brown 10R-5/4, silt, clay with some very fine

grained sand, subrounded to subangular clear 

and stained quarto; mica as an accessory; 

weakly cemented, calcareous; splits fissile and

crumMy; contains few thin limestone b e d s ........  5

IB. Sandy limestone, light greenish-gray 5GY- 

8/1, very fine-grained sand, clear quarto; mica 

and black minerals as accessories; firmly ce- •

mented, calcareous; splits p la ty ..........................  0.5

1A, Mudstone* pale reddish-brown 10R-5/4, 

silt, clay with few very fine-grained sands, 

clear quartz; m ica and black minerals as
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accessories; weakly cemented, calcareous; Feet

splits fissile and crum bly ...................................... 10

Total thickness of unit 1 .................. .. 18

PETRIFIED FOREST PF-34

Section northwest side of Woodruff Butte, two miles northwest of 
Woodruff, Arizona.

QUATERNARY:

10. Landslide and terrace m a te ria ls ............................ 10+

UPPER TRIASSIC:

CHtNLE FORMATION:

Petrified Forest member:
9. Sandstone, conglomeratic and bentonitic, very

light gray NS, silt, clay, very fine- to fine

grained sand, subrounded to angular clear 

quartz; poorly sorted; mica and black min

erals as accessories; weakly cemented; len

ticular bedded; crossbedded, lenticular low 

to very low angle large scale; splits crumbly; 

weathers hackly and puffy; forms irregular 

slope; pebbles, chert-jasper, maximum diam

eter 3 Inches, average diameter 1/4-1/2 inch; 

unit finer grained near top; base of unit is 

sharp and irregular with 2-3 feet of relief . . . .  6
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8.

Sample taken at 20 feet: Siltstone, grayish- 

purple 6P-4/1? weakly cemented; splits 

crumbly; approximate thickness 4 feet.

Sample taken at 15 feet: Sandy siltstone, 

grayish-red purple 5RP-4/2, silt, very 

fine-grained sand, clear and stained quartz; 

mica and black minerals as accessories; 

poorly cemented; approximate thickness 

12 feet.

Sample taken at 3 feet: Mudstone, bentonitic,

greenish-gray 5GY-9/1, silt, clay; black min

eral and gypsum as accessories; weakly ce

mented; splits crumbly; weathers puffy; ap

proximate thickness 6 feet. Tastes salty*

Total thickness of unit 8 ........................ .

Red member:
7, Sandstone and siltstone; flat and lenticular thin 

to thick bedded; weathers hackly; forms ir 

regular ledge and slope,

7C* Sandy siltstone, pale reddish-brown 10R- 

5/4, silt, very fine-grained sand, clear and

Feet

8
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stained quartz; mica and black minerals as Feet 

accessories; weakly cemented, calcareous; 

splits crumbly; lenticular thin to thick bed

ded; weathers hackly; forms irregular slope; 

contains few thin sandstone lenses; base is

gradational................ ................................................. 10

7B, Silty sandstone, mottled pale red 5R-6/2 

and greenish-gray 5GY-6/1, silt, very fine

grained sand, with few fine-grained sand grains, 

subrounded to subangular clear and stained 

quartz; poorly sorted; mica and Mack minerals 

as accessories; firmly to weakly cemented, 

calcareous; splits platy; weathers hackly; forms 

irregular slope and ledge; crossbedded, lenticu

lar medium to low angle small to medium scale 

trough; some limestone conglomerate beds up 

to 1/2 foot thick; base is gradational, sharp,

and ir re g u la r .............................................................  18

7A« Sandstone, grayish-red 10R-4/2 to pale 

reddish-brown 1 OR-5/4, very fine-grained with 

few fine-grained sands, clear and stained quartz; 

well sorted; weakly cemented; splits crumbly; 

flat and lenticular bedded thin to thick; weathers
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hackly; forms irregular slope; base is Feet

gradational ...............................................................  27

6. Sandstone and limestoae conglomerate^ grayish- 

red 5R-4/2 and pale blue 5PB-7/2, silt, fine

grained sand, clear and stained quartz; poorly 

sorted; mica and black minerals as accessories; 

firmly cemented, calcareous; splits flaggy and 

platy; flat and lenticular thin bedded; some 

pseudo and low angle small scale trough cross- 

bedding; weathers blocky; forms irregular ledge; 

contains limestone pebbles up to 1 inch maximum 

diameter; upper part is  chiefly sandstone with 

thin limestone conglomerate beds and lower part 

is  chiefly limestone conglomerate beds; base is 

sharp and irregular with relief up to about 3

feet .......................................................... ...................  5

Total thickness of Red member .............................. 60

UNCONFORMITY: Erosional, 3 feet of relief, not . 
prominent in outcrop area*

LOWER AND MtoDLE(?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
5. Alternation of siltstone and thin sandstone beds* 

Sandstone^ mottled grayish-red 10R-4/2 and
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light greenish-gray 5G-8/1* silt and some Feet
- • r

very fine and fine-grained sand, stained 

quartz; mica and black minerals as acces

sories; weakly cemented, calcareous; splits 

crumbly; thin to thick lenticular and flat
7 - -

bedded; weathers hackly; forms irregular 

slope; ccmtains some pseudo crossbedded 

sandstone; few current and interference rip

ple marks. Unit consists ob

S ilts tone ............ . 8.5
Nodular lim estone..........................  1
Siltstone with few silty sand

stone beds ...............................  19
Sandstone......................................... .5
Siltstone .............................  2
Alternation of siltstone and 

sandstone.........................    3

Total thickness of unit 5 ................................ 34

4. Sandstone, light brownish-gray 5YR-6/1 to light 

greenish-gray 5G-8/1, very fine- to fine-grain

ed sandstone, subrounded to subangular clear 

and stained quarts; mica and black minerals 

as accessories; firmly cemented; calcareous; 

splits flaggy; lenticular very thin to thick bed

ded; crossbedded, lenticular and wedge low to 

very low angle large scale with some small 

scale trough; weathers blocky; forms irregular
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ledge; contains bleached streaks, some thin Feet 

limestone conglomerate beds and channels; 

some thin to thick silty sandstone lenses; 

few mudstone pebbles; base is sharp and

irregular, relief up to 5 f e e t ................................ 36

Total thickness of Holbrook member ....................  70

Mogul member:
3. Mudstone, grayish-red 10R-4/2 and 5R-4/2, silt, 

clay with very fine-grained sand; mica and 

black minerals as accessories; weakly cement

ed, calcareous; splits fissile and crumbly; weath

ers hackly; forms regular and covered slope; 

contains limestone conglomerate channels with 

limestone pebbles up to 5/8 inch; few bone

fragments; base is gradational........................ .. 18,5

2, Sandstone, pale red 10R-6/2, silt, very fine- to 

fine-grained sand, angular, clear and stained 

quartz; poorly sorted; mica as an accessory; 

firmly to weakly cemented, calcareous; splits 

flaggy; lenticular thick bedded; crossbedded, low 

to very low angle medium to large scale trough; 

weathers Mocky; forms irregular ledge; base 

is sharp and irregular with relief up to 3 feet . 5,5

1, Mudstone and siltstone; covered interval ..............  504-
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Section measured along south side of Bonito Canyon 1/2 mile west of 
Fort Defiance, Apache County, Arizona, Measures by M, E, Cooley, 
M. Verraburus, and A, Banerjee,

UPPER TRIASSIC: Feet

CHINLE FORMATION:

Shinarump member:

8, Sandstone and conglomerate, grayish-orange pink

10R-8/2 to very light gray N8, fine to very

coarse grained subrounded to subangular; poorly

sorted quartz; black mineral as an accessory;

firmly cemented; lenticular thick very thick

bedded; crossbedded, lenticular high to low

angle medium to large scale trough; weathers

blocky; forms irregular ledge and cliff; pebbles

each 3 inches in diameter subrounded to sub-

angular; base is sharp and ir re g u la r ..................15-40

UNCONFORMITY: Erosional, irregular, channeled with 
relief up to 25 feet locally; essentially no weathered 
zone below the Shinarump member,

PERMIAN(?):

7, Sandstone, dark reddish-brown 10R-3/4, very 

fine- to fine-grained, rounded to subangular, 

clear and amber quartz; fair sorted; mica
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and black minerals as accessories; weakly Feet 

cemented, calcareous; flat and lenticular 

very thin to thin bedded; splits shaley; 

weathers hackly; forms irregular slope; 

contains small scale crossbeds within the 

bedding or planar crossbedding; at 6 feet 

sandstone is darker reddish brown; base is

f l a t .................. .......................... ................................15-30

6B. Sandstone, moderate reddish-*rown 10R-4/6 to 

pale reddish-brown 10R-5/4, fine with some 

very fine-grained sand, subrounded to sub- 

angular, clear and amber quartz; well sorted; 

black mineral as an accessory; firmly cement

ed, siliceous; splits flaggy and massive, len

ticular thin to very thick bedded; erossbedded, 

lenticular high to low angle small scale trough; 

weathers round and blocky; forms irregular 

slope; recesses formed; sm aller scale cross

beds within the larger crossbeds; base is

sharp and irregular with 2 feet of r e l ie f ..........  17.5

6A. Sandstone, grayish-red 10R-4/2 to pale 

reddish-brown 1QR-5/4, silt, very fine grain

ed with few fine-grained sands, subrounded to
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subangular, amber quartz; poorly sorted; Feet

mica and black minerals as accessories; 

weakly cemented, calcareous; splits shaley; 

flat and lenticular very thin bedded; weathers 

hackly; forms irregular slope; base is con

cealed ........  . . . . . . . . . . . . . . . . .  . . . . . . . . .  4.5

5F. Sandstone like unit 5B ........................................ 4.5

5E. Sandstone, silty, like unit 5C .................................. 3

5B, Sandstone, like unit 5B, contains several thin

lenses of material like 5C ......................................  5.5

5C. Sandstone, silty, grayish-red 10R-4/2, silt, very 

fine-grained sand, subangular; poorly sorted; 

mica and black minerals as accessories; weakly 

cemented, calcareous and argillaceous; splits 

shaley; weathers hackly forms irregular slope; 

irregular and lenticular very thin to thin bedded;

base s h a rp .............. ................................................. 3

SB. Sandstone, pale reddish brown 10R-5/4 to

moderate reddish-brown 10R-4/6, very fine- 

to fine-grained sand with some silt, rounded 

to subangular amber quartz; fair sorted; black 

mineral as an accessory; firmly to weakly ce

mented, calcareous; splits flaggy and crumbly;



lenticular thin to thick bedded; crossbedded Feet 

small scale planar and trough; some pseudo 

crossbedding; weathers knobby and blocky;

forms irregular ledge; base is s h a rp ..................  3

5A. Sandstone, silty, like unit 5C .................. ...............  5

Unit 5 is alternation of sandstone and silty 

sandstone beds which are lenticular and tongue

out laterally. Total thickness of unit 5 ............  24

4. Sandstone, pale reddish-brown 10R-5/4 to

moderate orange pink 10R-7/4, very fine- to 

fine-grained, subrounded to subangular, amber 

quartz; well sorted; m ies SB#d black minerals 

as accessories; firmly cemented, calcareous; 

splits massive and flaggy; flat and lenticular 

thick bedded; crossbedded, wedge and tabular 

very low angle small to large scale; weathers 

blocky; forms irregular ledge; base sharp and
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irregular with relief of 1/2 fo o t ............ ............. 5,5

3E, Sandstone, silty, sim ilar to unit 3A .....................  1

3D. Sandstone, silty, sim ilar to unit 3B .....................  2

3C. Sandstone, silty, sim ilar to unit 3A . . . . . .  . . . .  4.5

3 Sandstone, silty, grayish-red 5R-4/2, silt, very 

fine-grained sand, subrounded to subangular.



clear and amber quartz; poorly sorted; mica Feet 

and black minerals as accessories; weakly 

cemented, calcareous; lenticular thin bedded; 

crossbedded, lenticular sm all-scale planar (?), 

trough, and pseudo(?); splits shaley; weathers 

blocky; forms irregular ledge; upper part con

sis ts  of a calcareous and siliceous sandstone, 

pale red 1 OR-6/2, silt, very fine-grained sand; 

poorly sorted; unit is  lenticular, irregular, and

is a channel; base is  gradational.................. . 2

3A. Sandstone, silty, grayish-red 10R-4/2 and pale 

reddish-brown 10R-5/4, silt, very fine-grained 

sand, subrounded to sub angular, clear and 

amber quartz;, poorly sorted; mica and black 

minerals as accessories; weakly cemented, 

calcareous; splits platy and shaley; weathers 

hackly; forms irregular slope; base is  sharp 

and essentially flat with relief less than 2 feet . 4,5

Total thickness of unit 3 .................. ...............  15

2C. Sandstone, moderate reddish-orange 10R-6/6 to 

moderate orange pink 10R-7/4, very fine to 

fine grained, rounded to subrounded with some 

well-rounded and subangular grains, clear and

300
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amber quartz; well sorted; black mineral as Feet 

an accessory; firmly to weakly cemented, cal

careous; splits crumbly; irregular and lenticu

lar tMck to very thick bedded; crossbeddet^ 

lenticular and wedge high to low angle medium 

to large scale trough; weathers blocky; forms

irregular ledge; base is gradational....................  8,5

2B. Sandstone, grayish-red 10R-4/2 and pale reddish- 

brown 10R-5/4, very fine- to fine-grained sand 

with some silt, subrounded to subangular, clear 

and amber quartz; poorly sorted; mica and black 

minerals as accessories; firmly to weakly ce

mented, calcareous; splits platy; irregular and 

lenticular very thin bedded; some pseudo cross- 

bedding; weathers hackly; forms irregular slope; 

base is sharp, flat, and may in places by partly

gradational . ...................... ............. .......... ............  0.5

2A. Sandstone, pale reddish-brown 10R-5/4, very

fine- to fine-grained sand mid some silt, well- 

rounded to subangular, clear and amber quartz; 

mica and black minerals as accessories; firmly 

cemented, calcareous; splits flaggy; flat and len

ticular thick bedded; crossbedded, lenticular
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znedhnn angle small to medium scale Feet

planar; weathers blocky; forms irregular

ledge; base is sharp and f l a t ................................ 5

Total thickness of unit 2 ................................  14

Total thickness of P e rm ian (? ).............................. lOg-f 15

UNCONFORMITY: Erosional, flat, with no relief observed 
in Bonito Canyon area.

PERMIAN:

DECHELLY SANDSTONE:

1. Sandstone, moderate orange pink 10R-7/4, very 

fine- to fine-grained, rounded subangular, clear 

and amber quartz; fair sorted; mica ami black 

minerals as accessories; firmly cemented, cal

careous; splits Baggy; lenticular thick to very 

thick bedded; crossbedded, lenticular high to 

medium angle m e#um  to large scale trough; 

weathers blocky; forms vertical and irregular 

c l i f f .................. .................. ........................................ 5 0 f
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PETRIFIED FOREST PF-120

Section measured about five miles southeast of St, Johns, Arizona, 
and three miles east of U. S. Highway 260 on Muff north of the
Little Colorado River.

*

UPPER TRIASSH^ Feet

CHINLE FORMATION:

Mesa Redondo member:
8B» Sandstone and ccMiglomerate, fine- to coarse

grained, rounded to sobangular clear and
: v

stained quartz sand; poorly sorted; black 

mineral as an accessory; well to firmly 

cemented; splits flaggy; crossbedded, len- 

ticular low to medium angle medium to 

large scale trough; weathers blocky; forms 

irregular cliff; contains quartz-jasper up to 

5 inches in maximem diameter; base is sharp

and irregular with a relief of 10 f e e t ................  204

8A. Sandstone, fine to very coarse grained; few

scattered chert pebbles, maximum diameter 1

inch; unit sim ilar to unit 6 .......... ....................... . 5

UNCONFORMITY: ErosionaJU 

LOWER AND MEDDLE(?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
7. Alternation of mudstone and silty sandstone:
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Mudstone* pale reddish-brown 10R-5/4, Feet

grayish-red purple 5RP-4/2, and pale 

purple 5P-6/2, clay, silt; weakly cement

ed; splits shaley; flat and lenticular bed

ded; weathers hackly and puffy; forms ir 

regular, rolling, and covered slope. Silty 

sandstone, pale red 10R-6/2, silt to fine

grained sand; Mack mineral as an acces

sory; splits flaggy; flat and lenticular thin 

to thick bedded; crossbedded, low to medium 

angle small scale trough; weathers Mocky; 

forms irregular ledge; contains thin limestone 

conglomerate lenses. Unit has bleached zone 

1/2 to 1 foot thick at top; consists in descend

ing order of m udstone............     21
sandstone (thickness 1-10 feet,
contains ripple m a rk s ) . . . ........... 1

mudstone (some grayish-blue 
streaks) ............................................. 10

Unit varies in thickness from 39 to 50 feet* 

6, Sandstone, very pale orange 10YR-8/2, very 

fine to medium grained with some coarse

grained sand, subrounded to angular clear 

quarts; poorly sorted; Mack mineral as an 

accessory; firmly cemented; splits flaggy;
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flat and lenticular thick bedded; crossbedded, Feet 

lenticular and tabular very low to low angle 

mdSum scale trough; weathers blocky; forms 

irregular ledge; som# micaceous sandstone; 

ripple marks, 3 inches from crest to crest; 

some limestone conglomerate lenses contain

ing few chert pebbles, maximum diameter of 

3/8 inches; base is sharp and irregular withal

relief of 3 f e e t ........ ......................... ......................  4-6

5. Mudstone, light greenish-gray 5GY-8/1, silt, 

clay; weakly cemented; flat very thin bedded; 

splits fissile and crumbly; weathers hackly; 

form s regular, irregular, and covered ledge; 

s o m e  thin sandstone beds and some thin beds

of limestone conglom erate.......... ........................... 5

4* Sandstone, yellowish-gray 5Y-7/2, silt and

medium-grained sand, subrounded to rounded 

clear quarts; fair sorted; mica and black min

erals as accessories; firmly cemented; splits 

flaggy; flat and lenticular thin bedded; cross- 

bedded, lenticular and tabular very low angle 

large scale; pseudo crossbedded; forms ir 

regular ledge and slope; base is sharp and 

irregular with relief of 15 feet 5-20
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Feet

Total thickness of Moenkopi form ation..............  60-80

3. Rubble breccia composed of limestone, limy

siltstone, and limy sandstone, very pale orange 

10YR-8/S to very light gray N8; gnarly and 

lenticular very thin to thin bedded; splits flaggy, 

shaley, and crumbly; weathers blocky, hackly; 

forms irregular ledge and slope; siltstone and 

mudstone with thin limestone beds; sandstone 

beds in middle half of unit; thin beds of satin 

spar common in lower half of unit; maximum 

thickness 1 inch; more nodular limestone beds 

in upper half; sandstone, very fine- to fine

grained, angular clear quartz, well to fair 

sorted, firmly to weakly cemented; base is

sharp and ir re g u la r ........ ......................... .. 20

2. Rubble breccia:

2E. Iron stained yellowish gray limestone blocks ce

mented by light gray calcite or calcareous ma

terial; blacks are angular, average range from 

1-7 inches; blocky and fine-grained; cementing

m aterial is  medium g ra ined ............ . 17

2D. Silty sandstone, yellowish gray to very light 

gray N7, s ilt to fine-grained sand, clear
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quartz; splits crumbly; flat, lenticular, and Feet 

gnarly very thin to thin bedded; weathers 

hackly; forms irregular slope; grades laterally 

into limestone breccia; may be filling of lim e-

storie cavities ...........................................................  3

2C. Limestone^ Him unit-2A .............. ..................... . 2.5

2Bo Sandstone, very pale orange SYR-8/2, very fine- 

to fine-grained, rounded to subangular stained 

quartz sand;' fair sorted; black mineral as an 

accessory; firmly cemented; flat and lenticular 

very thin to thin bedded; crossbedded, very low 

to low angle small scale trough; splits platy and 

crumbly; weathers Mocky and hackly; forms i r 

regular slope and led g e ...................... ....................  1

2A, Limestone, yellowish-gray, well cemented; flat 

and lenticular very thin to thick bedded; splits 

flaggy; weathers Mocky, pitted, and hackly; 

forms irregular ledge; finely crystalline calcite 

common; contains shrinkage cracks; base is

sharp and i r r e g u la r .................................. ..............  2

Total thickness of unit 2 . . . . . . . . . . . . . . . . . .  25.5

Total thickness of rubMe breccia 

UNCONFORMITY: ErosionaL

25-35
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PERMIAN: • V  T « Feet

KAIBAB

. 1.

5TONE:

limestone, yellowish-gray 5Y-8/1 to 5Y-7/2, 

finely crystalline; well cemented; splits flaggy;

flat thick bedded; weathers blocky and pitted; 

forms irregular ledge; base is concealed . . . 304

PETRIFIED FOREST PF-12I

Section measured 12 miles east of Snowflake, Arizona, and about 
three to four miles south of Snowflake-Hunt road below lava-capped 
mesa on east side of Hay Hollow.

QUATERNARY(?):

7. B a s a l t ........ .................................. ............. . 20-25

UPPER TRIASSIC:

CHINLE FORMATION:

Petrified Forest member:

Sonsela sandstone bed:
6, Sandstone, very light gray N8 with some light\

greenish-gray 5G-8/1, very fine- to very 

coarse-grained, subrounded to subangular, 

clear quartz; fair to poorly sorted; Mack 

mineral as an accessory; firmly cemented; 

splits flaggy and crumbly; flat and lenticular 

very thick bedded; crossbedded, low to medium
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angle small to medium scale trough; forms Feet

irregular ledge; coarser and contains few 

quartz-jasper and chert pebbles in lower 

part of unit; pebbles maximum diameter

1/2 inch; base is  concealed.............................. 30

Lower part:
5, Covered interval, orange brown chert on float

near the b a s e ................ .. 64

4, Silty sandstone, mottled grayish-blue 5PB- 

5/2, very pale orange 10YR-8/2, and dark 

yellowish-orange 10YB-6/6, silt to coarse

grained sand, clear quartz; Mack mineral 

as an accessory; firmly cemented; weathers 

blocky and knobby; forms irregular ledge; 

top of unit tnffaceous(?); unit appears to be 

bleached, limonite nodules present; base is

gradational ............................ ............................ . 26

Total thickness of lower p a r t ........................... . 90

Mesa Redondo member:
3. Sandstone, banded grayish-red 10R-4/2 and 

grayish-pink 5R-8/2, clay to very coarse 

grained, subangular to angular; poorly sorted; 

black mineral as an accessory; firmly cement

ed; splits crumbly; lenticular bedded; cross- 

bedded, low to medium angle medium scale
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trough; weathers smooth; forms irregular Feet 

slope; unit becomes more silty and finer 

grained in upper part; pebbles, quarts- 

jasper, concentrated in lower part, maxi

mum, diameter 1 inch; base is  concealed . . . .  47

Total thickness of Mesa Redondo member . . . .  47

Total incomplete thickness of Chinle formation 167 

UNCONFORMITY:

LOWER AND MIDDLE (?) TRIASSIC:

MOENKOPI FORMATION:

Holbrook member:
2. Covered in te rv a l............................ .........................  49

IB. Sandstone, pale red purple 5RP-6/2, silt to 

fine-grained sand, subrounded to subangular, 

clear quarts; Mack mineral as an accessory; 

firmly cemented; flat and lenticular thin to 

thick bedded; crossbedded, . lenticular and 

wedge very low to low angle small to medi

um scale trough; weathers round; forms ir 

regular ledge; mudstone pebMes concentrated 

along crossbedding planes; base is  grada

tional ......................................................................  22

1A. Sandstone, light greenish-gray 5GY-8/1, fine- 

to medium-grained sand, subrounded to
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subangular clear quartz; fair sorted; Feet

mica and black minerals as accessories; 

firmly cemented; flat and lenticular thick 

to very thick bedded; crossbedded, len- 

ticular? and tabular very low to low angle 

small to medium scale trough; weathers 

round and blocky; farm s irregular ledge; 

contains limestone conglomerate; base is

sharp and ir re g u la r ................ . 18

Total thickness of incomplete Holbrook
member  ........ ............. ................................  40

Section measured three miles south of Fort Wingate Indian School 
along the McGaffey road, New Mexico,

UPPER TRIASSIC:

CHINLE FORMATION:

Lower Red member:

5. Sandstone and mudstone, grayish-red to gray-

ish -b lu e .......... ........................................................

MIDDLE (?) AND UPPER TRIASSIC(?):

UPPER MOENKOPI(?) SEDIMENTS:

4. Sandstone and conglomerate, grayisb-red 10R- 

4/2 to pale reddish-brown 1QR-5/4, fine- to

504



quartz; poorly sorted; black mineral as 

an accessory; firmly cemented; splits 

massive and flaggy; lenticular thick bedded; 

crossbedded, lenticular and wedge low to 

medium angle medium to large scale with 

some small scale trough; weathers blocky; 

farm s irregular ledge; coarser material con

centrated in crossbedding channels; pebbles 

maximum diameter 3-1/2 inches, average 

diameter l /4  inch, 80-90 percent quartz,

10-20 percent chert and jasper; base is

s h a r p ..........................................................................

Alternation of silty sandstone and sandstone chan 

nel deposits: Silty sandstone and sandy silt, 

grayish-red 10R-4/2, pale reddish-brown 10B- 

5/4 and blackish-red 5R-2/2, silt to fine-grain

ed sand, d e a r  and stained quartz; poorly sort

ed; mica and Mack minerals as accessories; 

weakly cemented; splits platy, shaiey, and 

fissile; lenticular bedded; crossbedded, lenticu

lar very low to low angle small to medium 

scale trough; weathers hackly; forms irregular
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slope. Silty sandstone channel deposit, pale Feet 

red 5R-6/2 with streaks of grayish-red 5R~

4/2, silt to fine-grained sand, clear and stain

ed quartz; fair to poorly sorted; abundant 

black mineral as an accessory; firmly cement- 

• ed; splits flaggy; irregular and lenticular 

bedded; crossbedded, lenticular low to medium 

angle small to large scale; weathers Uocky; 

forms irregular ledge; base is  sharp and ir 

regular. Unit is m  alternation of lenticular 

bedded and somewhat flat bedded silty sand

stone containing large channel deposits of silty 

sandstone; channels range from 1/2 to 20 feet 

in thickness and tongue laterally into flat bed

ded silty sandstone and sandy silt; largest chan

nel is 150 feet wide and 30 feet deep; sandstone 

channels contain siltstone pebbles; upper part 

of unit is chiefly covered; base is concealed . . .  64

2. Covered interval .......................... ..............................  11

Total thickness of upper Moenkopi(?) sediments . 103 

UNCONFORMITY: ErosionaL
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PERMIAN:

SAN ANDRES FORMATION:

Glorieta sandstone member:

1„ Sandstone, moderate orange pink 10R-8/2 to 

grayish-orange pink 1 OR-8/2, fine-grained 

clear and stained quartz; well-sorted; firmly 

cemented; flat, lenticular, and gnarly thick 

to very thick bedded; croasbedded, low to 

medium angle small to medium scale trough; 

weathers blocky; forms irregular ledge . . . . .

Feet

154
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