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GEOLOGY AND URANIUM-VANADIUM DEPOSITS OF THE MONUMENT VALLEY

AREA, APACHE AND NAVAJO COUNTIES, ARIZONA
By Irving J. Witkind and Robert E. Thaden
ABSTRACT

In 1951 and 1952, the U. S. Geological Survey undertook a program
of geologic mapping and uranium investigations in Apache and Navajo
Counties, northeastern Arizona. The area studied encompasses the
southern half of Monument Valley, and includes three 15-minute quadrangles
covering about 700 square miles.

Exposed consolidated sedimentary strata range in age from the
Halgaito tongue of the Cutler formation (Permian) to the Salt Wash
member of the Morrison formation"(Jurassic). Minettes and vogesites
form volcanic plugs and dikes and are exemplified by Agathla Peak and
the Porras Dikes. On Garnet Ridge are several rugble pipes filled
with rounded cobbles and boulders in a matrix of serpentine.

Extensive surficial deposits, predominantly dune sand and alluvium,
veneer mesa tops and valley floors.

The dominant structural element is the Monument upwarp, whose
southern end is in this area. On this major feature are superimposed
(1) the Organ Rock anticline, (2) the Oljeto syncline, (3) the Agathla
anticline, (4) the Tse Biyi syncline, and (5) the Gypsum Creek dome.
Fractures cut.all strata. Faults are rare but joints are common and

Widespfead.
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Uranium-vanadium ore deposits are in the Shinarump member of the
Chinle formation (Late Triassic); a light-gray crossbedded conglomeratic
sandstone. Cémmonly, conglomerate is at the base of the Shinarump and
grades upw%rd intg finer sediments, with a medium-~ to coarse-gra;ned
sandstone near the top. The Shinarump caps most of the isolated mesas
and buttes and normally appears as a cliff about 50 feet thick. It
rests unconformably on the top of the Moenkopi formation of‘Early and
Middle(?) Triassic age. The unconformity is marked by elongate shallow
depressions, termed swales, cut in the top of the Moenkopi. These swales
are as much as 3 miles wide and have a relief of about 50 feef. Local
relief on the unconformity does not exceed 5 feet except where symmetric and

asymmetric channels are scoured as much as 75 feet into the underlying strata. .

These channels range from about 15 feet to as much as 2,300 feet wide.
Sixty~two channels and channel segments were notéd; of these, 18 have
mineralized exposures. Nine of the channels are described, including the
Monument No. 1 and Monument No. 2 channels that have been and are being
mined (l953). The Monument No. 2 channel, one of the richest deposits in
the Monument Valley ares, is a short chgnnel that s£rikes N. 18° W. and is
abput l~3/h miles long. It ranges in width in its central part from
400 to 700 feet and has been cut about 50 feet into the underlying strata.
The major part of the channel is occupied by the Vanadium Corporation of
America's Monument No. 2 mine. During mine mapping, four types of ore
bodies were noted; (1) rods, (2)ltabular ore bodies, (3) corvusite-type
ore bodies, and (4) rolls. The rods are cylindroidal bodies about 3 to

5 feet wide, 2 to 3 feet high, and 15 to 20 feet long. These rods are
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found only in the Shinarump member of the Chinle formation. The tabular
ore bodies are blanketlike masses composed of channel sediments impregnated
with yellow uranium-vanadium minerals. Thése ore bodies are 4O tg 50 feet
long, range in width from 20 t¢ 30 feet, and are 3 to 5 feet thick. The
corvusite-type ore bodies are irregular-shaped masses within which the rock
is thoroughly penetrated by vanadium minerals. Sediments of both the
Shinarump mewmber of the Chinle formation and the DeChelly sandstone are
mineralized in this type of ore body. "Rolls," similar to those mined in
the Morrison formation, are the fourth type of ore body. Not all of the
channel sediments that fill the Monument No. *2 channel contain ore; weakly
mineralized ground alternates at irregular intervals with richly mineralized
ground, both laterally and vertically.

Swales and channels are important prospecting guides. Other useful guildes
are: (1) observable uranium minerals and sabnormal radioactivity;

(2) channel £ill; and (3) channel conglomerates containing carbonaceous
matter. Guides of uncertain.value are: (1) limonitic impregnation of
sandstone; (2) secondary copper minerals in channel fill; (3) abnormal
thickness of an altered zone in the uppermost Moenkopi strata beneath
channels; and (4) clay boulders, cobbles, and pebbles in channel fill.

Two tests for oil and gas have been drille@ in the Monument Valley
areh. In 1924, the Midwest No. 1 Gypsum was completed to test the Gypsum
Creek dome. It penetrated 2,083 feet to the Elvert formation of Late
Devonian age. Although small shows of oil and gas were reported, the hole
was abandoned. The most recent test, the Navajo A-l, was completed in 1953,

on Hoskinnini Mesa, and was drilled to test the southern part of the Organ
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Rock anticline. The hole was sabandoned as a dry hole after being drilled
4,523 feet. No oil or gas shows were reported. It also bottomed in the
Elbert formation. Other tests west and south of the Monument Valley area
have been unsuccessful. However, two recent Shell 0il Company tests about
50 miles to the northeast produce both oil and gas from anticlinal
structures. As favorable strata and structures underlie the Monument

Valley area, the area is deemed worthy of further investigation.

INTRODUCTION

PURPOSE OF WORK

In 1951 and 1952, the U. S. Geological Survey undertook, on behalf
of thé Division of Raw Materials of the U. S. Atomic Energy Commission,
8 program of uranium investigations and geologic mapping in the Monument
Valley area, Apache and Navajo Counties, northeastern Arizona (£ig. 1).
The work had three major objectives. The first was to accumulate data
basic to an understanding of the regional geology. The second was %o
appraise the Triassic strata as host rocks for uranium deposits, and to
select areas favorable for exploration for concegled deposits. The third
ob jective was to study the controls that influence uranium deposition
and fromlthis study to establish guides useful in prospecting for uranium

deposits.
FIELD METHODS

The geologic mapping was done on aerial photographs at scales
approximating 1:31,680 and 1:20,000. The geology was then transferred

by inspection onto topographic maps at a scale of 1:48,000.
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A radiocactivity survey was carried on concurrently with the

mapping program. Areas of abnormal radioactivity were sampled.
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GEOGRAPHY
IOCATION OF AREA

Monument Valley lacks clearly delineated geographic boundaries.
In general it occupies parts of both Utah and Arizona and is near the
eastern border of both states. The northem pért of the valley was
studied by Baker (1936); the southern part is the area described in
this report. The Monument Valley ares of this report extends from
longitude lO90 45* W. to 110° 30' W., a distance of abquﬁ L ﬁiles,
Its northermn bBoundary is near the 370 00' parallel north and it extends
southwards to the 36° 45' parallel north, a distance of about 17 miles.
In all, the mapped area consists of three l5-minute quadrﬁnglés and
covers about 700 square miles (fig. 2). The three guadrangles occupy
parts of Apache and Navajo Counties, Ariz., and a small part of San Juan
Cbunty, Utah. The area is wholly within the Navajo Indign Reservation.
| The Monument Valley area is within the central part of the Colorado
Plateau and has much of the scen&ry,’climate, and toPography typical of
that section of the country. The scenic features are due to pronounced
differential erosion. The valley floor is mérked by isolated mesas and
ridges, castellated crags, fluted columns, and monuments, which give the
valley its name:(fig. 3). The altitude of the area rises gradually from
abou§ 4,800 feet along the east edge to well over 7,000 feet along the west
edge. The climate is arid and the region is a desert. Vegetation is
sparse below 5,000 feet butbecomes more sbundant and varied at higher

altitudes. Most of the inhabitants are Navajo Indians whose principal
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occupations are grazing sheep and weaving rugs. All the white inhabitants
live near trading posts at Kayenta and Dinnehotso, Ariz., and Gouldings

and Oljeto, Utah (fig. 1).
ROADS

Roads are poor and travel is difficult during or following severe
sandstorms or rainstorms. Most automobile traffic is restricted to four
principal roads, of which the most important is the Mexican HatTKayeﬁta
road, known as Navajo Indian Reservation Roﬁte No. 1 (Ui&h Highﬁay 47;
fig. 1). It is the through route irom Utah southward,ﬁo Grand Canyon
and Flagstaff, Ariz. Next in importance is the road that extends from fhe
maiﬁ uranium producer in this area, Vanadium Corporation of America's
Monument No. 2 mine, to Mexican Water, Ariz.,i(fig. i). The third road
extends from the Monument No. é'mine to Mﬁxicanlﬂat, Utah (fig. 1). Work
during the summer of 1952 by both State and Feqeral highw#y agencies has 80

‘imprqved this road:that the major part of it ié suitable fﬁr all-weﬁther
traffic. The fburth road., passable during most of the year,‘extends north-

eastward from Kayenta to Dinnehotso jurction, and then turns southward to

Chinle and Canyon DeChelly.
GEOLOGY

STRATIGRAPHY

General statement

Sedimentary strata exposed range in age from Permian to Recent. 1In
general the older rocks crop out in the north-central part with younger

rocks cropping out on the east, west, and south sides. Scattered
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irregularly across all outcrops are deposits of dune sand, alluvium, and
sand and gravel. Sedimentary rocks range in age from Permian to Jurassic and
have an aggregate thickness of about 5,000 feet (fig. 4). Most of these
strata consist of eolian and fluvial aePosits which'shov some regularity

in alterating one with another. In generai,‘they range from light buff

to deep reddish brown.

Many of the formations are light-buff or reddishébrbwn massive or
bedded sandstones. A prominent exception is the Chinle formation. The
DeChelly sandstone membef of the, Cutler formation résaMbles tie Wingate
sandstone as well as the Navajo san@sténe. The Ofgan Rock and Héskinnini
tohgues 6f the Cut;er formation are so alike that north of this area, in
the vicinity of Monitor Butte (fig. 1) where the intetvening DeChelly
sandstone pinches out, the Organ Rock and the Hoskinnini are distinguished
only with difficulty (Thomas E. Mullens, written communicétioﬁ). Most of
the units, however, afe easily recognizable and the contacts are well
exposed.

Wherever the massive sandstone beds are protected by a resistant
cap rock they form vertical cliffs; unprotected, they form rounded, steep-

sided knolls alternating with deep narrow ravines.

Permian system

'Cutler formation

The Cutler formation is exposed over a large area in the northern part
of the Monument Valley area, Arizona. It crops out as far west as Copper

Canyon and as far east as Comb Ridge. To the south, the Cutler dips below
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the surface just north of th@_Porras Dikes (fig. l) due to the southward
plunge of the Moﬁument upwarp. Most of the mbéas,'buttes, ahd monuments
are carved from the Cutler formation. The base of the formation is nowhere
exposed in this area althdugh to the no;?h, Baker (1936, ﬁ. 28) reports
extensive axéosures of the entire fbfmﬁtion.

TheICutler formation consists of five units; from oldest to youngest
they are the Haigaito tpngde, the Cedar Mesa sandstone member, the Organ
Rock tongue, the DeChelly sandstoﬁe menber, and the Hoskinnini tongie. The
DeChelly and Cedar Messa are'buff‘tc gray massive crnsSbedded sandstones.
The Halgaito,‘Organ ﬁnck, and Hoskinnini tongues are red fine-gfaihed
sandstones, siitstones, mudstones, and clayston;s. The Hglgaitg, Cedar
 Mesa, and Orggn Rock maintain a uniform thickness over most of’their ar;a
lof exposure. The DeChelly sandétone thins northward and pinches out at
" Monitor Butte, but ;ﬁickehs bot#h to the east and south. The Bbskinnini
tongue thickens northward and thins eastward.

Diagnostic fossils were not found during thg course of thg presgnt
work, but Baker (1936, p. 29) reports that plant and vertebrate fossils
from exposu‘res of the Cutler formation in the Utah part of Monument Valley
are of Permian age.

Dﬁring most of Cutler time westward-flowing ﬁtreams spread sediments
across the area. Thé.?uposition of theée beds wag intFrFupteé tirice; ogcp
by the Cedar Mega éandstone which had a source area to the northwest,
and the second time by the DeChelly sandstone which came either from the
southeast or northwest (Baker and Reeside, 1929, p. 1447). The Cutler is

a thick series of red thin-bedded claystones, siltstones, and fine-grained
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sandstones into which two massive sandstone units interfinger. The lower
sandstone, between the Halgaito and the Organ Rock tongues, 1 the Cedar
Mesa, and the upper sandstone, sepgmting the Organ 13ock and the Hoskinnini

tongues, is the DeChelly.

Halgaito tongue

The Halgaito tongue, the basal member of the Cutler, is the oldest
sedimentary rock exposed in the Monument Valley area, Arizona. It crops
out in the core of Gypsum Creek dome (fig. 2), 2 small breached dome which
straddles the Arizona-Utah State line just south of Mexican Hat, Utah.

The Halgaito f’oz’mvs a broad quaquaversally sloping plain in the central
part of its outcrop area of about 8 square miles. {Phe plain is bounded oh
all ‘sides by beds of increasingly steep dip which f’ém an annular pattern
of cuestas and hogbacks, as much as LO feet high.

The Halgaito characteristically weathers to a smooth dusty surface
that is overlain by loose chips and flakes up to 3 inches in length.

In the Monument Valley area, Arizona, the Halgaito is a series of red
shaly siltstones and fine-‘gra,ined silty sandstones with a few small thin
lenses of flmtefoedded blue and gray limestones. Remarkably uniform in
color, the rock isAa moderate reddish brown with a gray cast (approximately

10 R l*-5/3)o—/ The major constituent of the Halgaito is poorly sorted

A —/ Color names used in this report after Goddard, E. N., and others,

1948, Rock-color chart, National Research Council.

subangular clear colorless polished quartz. Minor constituents are muscovite
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and rare grains of opaque minerals. The predominant grain size is
about 0.02 mm although many of the grains are as small as 0.003 mm or as
large as 0.06 mm.

In any bed of the Halgaito tongue, the sequence of deposition is
from coarse material at the base to fine material at the top. A shiny
upper surf@ce of clay, wi“bh glistening specks of muscovite, commonly
represents the end of a séq_uence. Although most of the beds are i?'rom
one-sixteenth to 1 inch thick, a few lenses of silt-pebble conglomerate
are as thick as 8 feet. The well-rounded conglomerate pebbles are as
much as 2 inches in long dimension. The conglomerates may extend
several hundreds of feet, but invariably they grade laterally into typical
thin-bedded Halgaito.

A thick iron oxide stain on the grains gives the rock its brilliant
color, but calcite, not iron oxide, is the principal cementing agent. The
formation is limy to the point that the local name for the Halgaito is the
"red lime" (Gregory, 1938, p. L42). ‘

Several' lenticular limestones, not more than 8 inches thick, are in
the ullz;pgr part of the unit. They are blue, gray, or bluish gray and form
small horizontal patches on a surface of low and gently rounded land
forms. The limestone beds consist primarily qf light-blue angular to
rounded, rough-surfaced, concretionary limegtone pellets, in a gray nearly
lithégraphic limestone Iqatrix. The pellets are as much as 2 inches in
long dimension g.nd give the limestone lenses a rubbly appearance.

The complete thickness of the Halgaito is not exposed in the
Monument Valley ares, Arizona. ‘How;e‘ver, more than 300 feet of its

upper part crop out and its base can be seen in Utah just north of
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the State line. It is reasonably certain that the Halgaito in the
Monument Valley area is about the same thickness as the H&lgaito
section measured by Gregory (1938, p. 68) on the east flank of the
Raplee anticline a few miles‘to the north. At that locality it is
Lo2 feet thick.

The lower contact of the Halgaito, along the road near Mexican
Hat, Utah, appears sharp and conformsble with the underlying Rico
formation of Permian age. Here the basal beds 'of the Halgaito are
reddish~brown thin-bedded silty claystone or are gray to dark-brown
lenticular rubbly limestone beds up to 3 feet thick interbedded with
the silty claystones. At none of the localities visited was a
limestone in contact with the Rico.

The upper contact also appears conformable, although other
workers (Prommel and Crum, 1927, p. 384; Gregory, 1938, p. L42) bave
noted local unconformities hetween the Halgaito and the overlying
Cedar Mesa sandstone member in other areas. Typical Halgaito is
terminated at the upper contact by light-green, light-blue, and
nearly white limy siltstone beds of the basal Cedar Mesa which carry
abundant nodules of brilliant red qnd white chalcedony. Except for
this obvious lithologic change, nothing along the rather limited
extent of exposed Halgaito-Cedar Mesa contact suggests unconformity
between the two.

No fossils were discovered anywhere in the unit. Baker (1936,

p- 30), however, reports vertebrate remains tentatively identified

as either Ephiacodon or Sphenacodon from Halgaito exposures in the
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Utah part of Monument Valley, and Gregory (1938, p. 42) remarks ‘that
bone fragments found in the limestone lenses are’diagnostic of a
Permian age for the Halgaito.

The Halgaito represents the first sediments deposited by the westwhrd-
flowing streams (p. 31). East of tue Monument Valley area, Cutler
sediments are largely arkoses. As these sediments are traced westward they
become finer grained and pass into nonred beds west of the mapped area
(Baker and Reeside, 1929, p. 1446). In the Monument Valley area the
bedding and predominant silt éizé of the sediments imply deposition distant
from the source area and by relatively slow-moving streams. The thin iﬁterw
bedded blue and gray limestones and the silt-pebble.conglomﬁrates suggest
the presence of intermittent playa iakes. Dried chips and flakes formed
when these playa lakes dried. These fragments were broken, rouﬁded, and
then incorporated into 'the next laid beds when the waters readvanced,

forming eonglomerate pebbles.

Cedar Mesa sandstone member

The Cedar Mesa sandstone member of the Cutler formation crops guﬁ
only north of Meridian Butte (fig. 2), and flanks the Gypsum Creek dome on
the east as a series of low parallel hogbacks, and on the west and southwest
as low mesas and cliffs.

In the Monument Valley area, Arizons, the Cedar Mess is predominantly a
serigs of variegated sandétone, sandy siltstone, siltstone, limy siltstone,
and iimestone beds; a few beds are as thick as 30 feet. Lateral gradation
of the strata of the Cedar Mesa with an accompanying change in.color is

wgil displayed.
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Much of the Cedar Mesa is a moderate orangish-brown (5 IR 5/5) well-
so?ted silty very fine grained quartz sandstone. The quartz grainé are
subrounded, covered by a faint irgn oxide stain, and average about 0.06
mm in diametgr, The grains range from 0.03 mm to 0.09 mm. The only
gignificant minor éonstituents §re calcité and green gm@iné of a chlorite~
like mineral. Célcite cement is abundant.

Another prominent lithic type in the ng&r Mesa is & light-brqwnish~
gray (5 YR 7/1) poorly cemented sandstone that has a pink cast. The quartz
grains aré subangular and average about 0.07 mm in dia@eter. The grgins
are clear, gclorless and are not stained. Sorting is only fairﬂ Again,
the only minor constituent of note is a green mineral of the chlorite group.

No good sites for measuring sections of the Cedar Mesa are available
in the Monumgnt valley areé, Arizona. However, severa; approximate
megsurements suggest an average thickness of about 315 feet. This thick-
ness is much less than the 610 feet noted by Gregory (1938, p. 68) oln the
east flank of the Raplee anticline a few miles north of the mapped area.

The contact of the Qedar Mesa& with the ovérlying Organ Rock member
of the Cutler formation is poorly exposed. Where the contact is not
covered by sand, it is concealed by‘a thick mantle of decomposed.and
disaggregated material. At the base of Meridisn Butte (fig. 2), the
contact is marked by an abrupt transition in color. The lower bed of the
Orgén Rock is a dark-reddish-bgown micaceous siitstone w;th féw sand éfains.

_ﬁo evidence exists of an angulér relationshiﬁ between the units nor is
there‘any indication of an erosional surface. A disconformable surface
with relief exceeding 15 feet is known in some ,areas north of the Arizona- |
Utah State line, but in the Monument Valley area the contact betyeen the

members is marked primarily by the color change.
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The southward thinning of the Cedar Mesa and a changé from sandstone
in the nqrth to thin-bedded interfingeriné sandstone and red shaly silt-
stone beds mark the first break in the deposition of Cutler red heds
(p- 30). The source of the Cedar Mesa is (Baker and Reeside, 1929, p. 1h4k7)
northwest of the area mappedl‘ N@ar its southern l;mit of deposition,

(south of. the Monument Yélley aréa) it loses its entity as a sandstone and
becomes a transitional unit, with sandstone beds (i.e., Cedar Mesa)

i

grading into typical Cutler red beds.

Organ'BQGR tongue
| éh% érgan Rock tongue.of the Cgtler formation is exposed throughout
the northern half of the Monument Valley area, Arizona. It forms the
floor of Copper Canyon (:igo 2) and comprises the pedestals upon which
[
are perched the monuments for which Monument Valiey is named.

Where the Organ Rock has no overlying protective rocks, it forms
baglands characterized by steep concave slopes, shallow ngarly vertical-
walled gullies, flat-topped knobs, and sharp-ridged divides. Where
capped by the DeChelly sandstone %ember, the Organ Rock stands as a
gently concave slope that steepens near the top of the'unit and is
nearly vertical at the contact.

The Organ Rock is predominantly a reddish-brown (10 R 4/3), poorly
sorted siltstone. Here and there, especially near the baée of %he unit,
are a few white to buff very fine grained silty sandstone lenses a few
inches thick. .The grain size changes graduaily in the upper 25 to 50 feet,
becoming coarser near the contact. At the upper'contact the Organ Rock is

a fine-grained sandstone indistinguishable from basal DeChelly.
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The silt grains are mostly angular to subangular clear colorless
quartz with a pronounced iron oxide stain. The average grain size :h's
about 0.05 mm, but sorting is poor. Enough verj small grains are
included to make the member a clayey siltstone.

The cement appears to be a mixture of calcite and iron oxide.
Splotches of clear ca.léite, up to several millimeters in dia.ingter, are
scattered through the member. This calcite has etched the quartz where
they are in contact. Calcite also forms small bundles qf subhedn;al
crystals; each crystal isg aioout the same size as the quartz grains.

Other minor constituents include magnetite, gypsum, zircon, biotite,
and muscovite.

The Organ Rock is dominantly even bedded and the bedding is
rema.::‘*ka,bly parallel throughout the unit, whether it be siltstone in
beds 2 inches thick, or sandstone in beds 20 feet thick. Some of the
siltstone and many of the sandstone beds show grossbed.ding gently
inclined to the horizontal. ‘

The Organ Rock is about 670 feet thick near the Monument No. 2 mine
area (fig. 1). 'Ba.ker (1936, p. 34) cites a thickness of 696 feet for the
Organ Rock on thé east side of Monument Pass, Utah. Gregory's measurements
(Gregory, 1938, p. 46) in San Juan County, Utah, and x;xeasur@ments by Miser
(1925 » Do 130-131) along the San Juan River demonstrate a southward thick-
ening of the 'Organ‘ Rock toward the Monument Valley area.

Fxpm a distance the contact between the Organ Rock and the over-
lying DeChelly appears sharp; the color changes from dark redé.ish brown to

light brown, the slope changes from a steep angle to vertical, and bedding
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planes diséppear, On the outcrop, however, these criteria are invalid.
Upon close inspection it can be seen that the upper 25 to 50 feet of the
Organ Rock grade in color and in grain size tq material that is
megascopically identical to the DeChelly. The slope gradually steepens
and approaches the vertical in the vicinity of, but not necessarily at,
the contact. Nor can the lack of bedding planes be used to pick the
contact,Afor the bedding planes, alﬁhcugh closely spaced in the lower
Organ Rock, are less closely spaced near the top’of the member and persist
into basal strata of the DeChelly tens of feet. Eor mapping purposes we
selected a zone about 20 feet thick in which the bedding planes of the
Organ ﬁock disappear, the steep slope of the Organ Rock gives way to the
verticai cliff of the DeChelly, and the color changes from the dark reddish
brown of the Organ Rock to the light tan of the DeChelly.

No fossils were found in the Organ Rock. Baker (1936, p- 35) reports
the presence of twp fossil plants of Permian age; as well as fragééntal
vertebrate remains that have also been identified as Permian in age.

At tﬁe close of Cedar Mesa deposition, westerly flowing streams
began depositing another sequence of red beds which form the Orgaq Rock
tongue. The even bedding and the fine grain of the red bed sediments
suggest that the spreams were relatively sluggish. Negr the close of Orggn
Rock deposition, light-colored sands, either from tﬁe southeast or north-
west, (Baker and Reeside, 1929, p. 1447) gradually mingled with the red

fluviatile sediments and eventually displaced them.

DeChelly sandstone member

One of the most distinctive stratigraphic units in the Monument Valley

area is the grayish-yellow to tan (5Y 8/4) massive crossbedded fine~-grained
DeChelly sandstone member of the Cutler formation. Commonly it is stained
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by wasp from overlying units. The DeChelly sandstone forms the main
part of the monuments gnd larger mesas.

Wherever the DeChelly sandstone is protected by overlying formations,
it forms unscalable vertical walls. fhe unit, however, is not extremely
resistant and where unprotected weathers to round hummocky knolls. ‘In
places a great variety of alcoves, recesses, and tunnels have been formed
at its base. These range in size from very small ones to great arched
alcoves that are of a size sufficient to accbmodate whole villages of
cliff dwellings (fig. 5).

The DeChell& is a poorly sorte& fine-graiped sandstone with the
graiﬁs ranging in size from 0.06 mm to 0.50 mm although a bimodal grain-
size distribution exists. One grain size ranges from 0.25 mm to 0.50 mm
(the average is about 0.30 mm) in diameter; the other ranges from about
0.06 mu to 0,12 mm (the average is about 0.10 mm). The grains range in
shape from subround. to round, but a few of the larger grains are overgrown
by authigenic quartz and are angular. Most of the grains are of colorless
qyartz. However, small amounts of microcline, plagioclase feldspar,
cﬁalcedony, muscovite, biotite, and zircon are scattered at»random through-
out the sandstone. A thin brown film of iron oxide coats each grain, and
it is this film that‘imparts color to the unit.

The sandstone is weakly cemented by chalcedony, calcium carbonate,
and iron oxide, so the unit is friable.

The DeChelly sandstone ranges in thickness from 300 feet to 550 feet,
and it thins and disappears to the north in the vicinity of Monitor Butte,

about 15 miles north of the Utah-Arizona State line. In the western part
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of the Monument Vglley ares the DeChelly is about 309 feet thick and

decreases rapidly in thickn@ss northward to its pinchout. The DeChel;y
thieﬁens in an easterly and southerly direction. In the center of

Monument Valley, near Tse Biyi, it is about }}50 feet thick. Farther east,
near the Monument No. 2 mine (figo 2), it is as much as 550 feet Fhick;

and, to the south near Canyon DeChelly, beyond the limits of the mapped

area, the DeChelly sandstone is well over 800 feet thick (McKee, 1934, p. 22#).

A prominent and distinct disconformity unusually free of relief is at
the top of the DeChelly sandstone (fig. 6). This Qisconfbrmity is marked
by the abrupt change from the light-tgn massive crossbedded DeChelly sand-
stone to the dark-red even-bedded sandstone beds of the basal part of the
Hoskinnini tongue of the Cutler formation. We consider these basal
Hoskinnini beds to be a "reworked zone" composed partly of DeChelly
sediments.

The top of the DeChelly sandstone, as here selected, differs from that
chosen by Bakeﬁ (1936). Baker recognized the disconformity but chose to
include it and the "reworked zone" within the DeChelly sandstone. He
indicates the boundary between the DeChelly and the overlying Hoskinnini
as a gradational one marked by a series of beds 20 feet or more thicﬁ that
show a gradual lithologic change from massive crossbedded sandstone to
even-bedded red beds.

The disconformity, however, is so widespread and so persistent that
we consider it significant. We suggest tentatively, therefore, that the
disconformity marks the boundary between two major stratigraphic units.

The complete absence of fossils in the Hoskinnini prevents any conclusive
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determination as to the relative ages of the units involved, and the
base of the Hoskinnini may mark the rock system'break:between the
Permian and the Triassic. Lacking paleontologic evidence, the point of
view expressed above is not followed on the map (fig. 2).

Fossils were not found in the DeChelly sandstone although vertebrate
and invertébraﬁe footprints were noted in several localities. Theé best
tfack léca;iﬁy that has been discovéred is along the east edge of
Todicheenie bench near the uppér end of Adahchijiyahi Canyon (fig. 2).

Baker (1936, p. 37) reports a lack of fossils in the DeChelly sandstone

although he found specimens of Walchia piniformus and Yakia hetophylla
of known Permian age in the t#ansitional beds that mark thé changelfrom
the Oréan Rock tongue to the DeChelly sandstone member.

The DeChelly is the uppermost of two sandstone beds that interfinger
with typical Cutler red beds (p. 30).; The broad sweepihg cross-laminae so
typie§1 of the DeChelly imply an eolian origin. The source of the saﬁds
tﬁat formed the DeChelly is unknown; however, the DeChelly interfingers
with the Cutler red beds from the southeast and thickens in that direction.
If the sou;ce area is consideyed to be near the greater thickness, it would
appear that the DeChelly came from the sdutheast° Baker and Reeside (i9?9,
p. 1447) note that the dominant @ip of the crossbedding planes and the
directioﬁ of thinning suggest a southeasterly source. They conclude,
however, "It seems to the writers highly probable that all the light-

colored sandstones came from the north or northwest."
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Hoskinnini tdngue

Thé Hoskinnini tongue of the Cutler formation is widespread in
the Monument Valley area. Comﬁonly, it erops out as a steep face, but
near:the tops of many mesas énd monuments, it weathers to a steep slope
below the more gentle slopes formed by the shaly siltstone beds of the
overlying Moenkopi formation. The extent of outcrop of the Hoskinnini
is nearly coincident with that of the DeChelly. The type locality
of ‘the Hoskinnini is given by Baker and Reeside (1929, p. 1443) as the
north face of Hoskinnini Mesalseveral miles west of Oljeto T;ading Post
on Moonlightlwash (i.e., Oljeto Wash). The unit is sb consistent in
its makeup over such greét distances that stratigraphic sections similar to
the exposures at Hoskinnini Mesa can be found almost everywhere in the
western part of the area.

The Hoskinnini tongue consists of a series of dark-red even-bedded
nodula;-weathering siltstone and fine-grained sandstone beds. In
appearance tﬁe beds are similar to those of the Organ Rock tongue. 1In
the Monitor Butte area, for instance, where the intervening DeChelly |
sandstone is absent, Baker (1936, p. 39) reports that the Hoskinnini is
inseparaﬂle from the Organ Rock tongue of the Cutler fbrmatioﬁ. gowever,
recent work by Thomas E. Mullens (written communication) of the U. S.
Geolog%cql Survey in the ?lay Hills area of Utah has suggested that the
Hoskinnini can be différentiated from the Organ Rock tongue. Mullens has
found that the Hoskinnini is a very fine grained sandstone containing
abundant well-rounded medium-sized grains. This lithology, plus the
smooth surface weathering characteristic of the Hoskinnini in the Clay

Hills area, Mullens contends, is adequate to separate the Hoskinnini
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from the underlying Organ Rock. J. H. Stewart and his associates ~/ using

—/ Stewart, J. H., Williams, G. A., Albee, H. F., and Raup, O. B.,

in preparation, Stratigraphy of Triassic and aspociated formations in

part of the Colorado Plateau region, with a section on Sedimentary

petrology by R. A. Cadigan: U. S. Geol. Survey Bull.

criteria established by Mullens have traced the Hoskinnini northward from
the ciéy Hills area, where it is as much as 100 feet thick, to a pinchout
in thg middle of the White Canyon area, Utah.'

In the Monument Valley area, Arizona, the Hoskinnini tongue can be
divided into two units. Becausé of their thinness, however, these
divisions have been combined and mapped as one unit (Pch). The lower unit
consists of an orange to dark-red massive sandstone (p. 41), which lies
disconformably on the DeChelly. The upper unit is the dark-red even-bedded
sgndstone of the type Hoskinnini. Locally small discrete blocks of
DeChelly sandstone are eﬁbedded in the lower Hoskinnini sandstone.
Elsewhere, small tan whorls can be traced from the DeChelly into the basal
few feet of this same sandstone. We consider this lower sandstone to be a
reworked zone consisting in part of DeChelly, and in part of Hoskinnini
sedigents (p. 41). 1In many places the reworkgd zone 1s missing, and in
these localities the dark-red even-bedded strata of the upper un;; of the
Hoskinnini tongue lie directly on the DeChelly sandstone.

Grains of two sizes are in the lower sandstone; some are distinctly
coarse and average sbout 0.40 mm in diameter, although a few ellipsoidal

grains are as much as 1.30 mm long. Smaller grains are dominant, and
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average about 0.06 m in diameter, Much of the coarse material is within

the small tan whorls that can be traced into the underlying DeChelly sandstone.
The upper unit of the Hoskinnini consistg of even-bedded fine-grained
sandstone. In this unit, local lenses of siltstone and grit persist for
lateral distances of 10 to 20 yards. Most of the grains range in shape

from subangular to round with the coqfser sediments slightly more angular,
possibly as a result of authigenic quartz overgrowths.

The major consitituent of the Hoskinnini is quartz; plagioclase
feldspar and chalcedony are accessory mine;als. Coating all grains is a
thin film of iron oxide. Calcium carbonate is the principal cement.

The Foskinnini thins eastward. ?homas E. Mnllens\(written

communication) reports the Hoskinnini to be about 100 feet thick in the Red

House Cliffs area. North of the Red House Cliffs it pinches out in the

middle of the White Canyon area (Stewart and othersf/). Baker (1936, p. 39)

-/ Stewart, J. H., Williams, G. A., Albee, H. F., and Raup, O. B.,
in preparation, Stratigraphy of Triassic and associated formations in part

of the Colorado Plateau region, with a section on Sedimentary petrology by

R. A. Cadigan: U. S. Geol. Survey Bull.

cites a thickness of 55 féet in the Canyon of the San Juan River at the
mouth of Nakai Creek, and about 50 feet near the northeast corner of
Hoskinnini Mesa. 1In the Monument Valley area, Arizona, the Hoskinnini is
about 45 feet thick along the flanks of Hoskinnini Mesa, but near the

Monument No. 2 mine (fig. 2) it is only about 15 feet thick. It is missing ‘
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from several of the monuments in tbe Utéh part of Monument Valley
(Baker, 1936, p. 39). However, at no place examined in the Arizona
part of the Monument Valley area was the Hoskinnini absent.

The following section of the Hoskinnini tongue of the Cutler
formation measured at the southeast end of Hoskinnini Mesa, about

12 miles northwest of Agathla Peak (fig. 2), is characteristic.

Feet Tnches
Moenkopi formation ‘ '
Hoskinnini tongue of Cutler formation
Limestone, crinkly, contains mixture of calcite
and pink quartzZ. . « « ¢ & o s s 0 e e s e . o4 . 0.25
Sandstone, even-bedded, dark-red . . . . . . . . . 3
Limestone, crinkly, contains mixture of calcite
and pink quartz. . . . . : D 0.75
Siltstone, shaly, dark-red, thin-bedded, nodular
weathering . . o ¢ o v o ¢ o 4 o 4 s e o 4 e 10
Sandstone, massive, dark-red, fine-grained, thin-
bedded; weathers as rounded ledges . . « . . 6
Sandstone, dark-red, ﬁassive, fine-grained . . . 19
38

Unconformity
DeChelly sandstone member of Cutler formation

Although the Moenkopi is reported (Longwell, and others, 1923, p. 9),
as unconformably o?erlying the Cutler formation, Baker (1936, p. 40-h3)
coﬁld find no evidence of the unconformity in the Utah part of Monument
Valley. However, he cites several localities in the Arizona part of the
Monument Valley area where this unconformity could be observed. We found

no localities where the Moenkopi unconformably overlay the Hoskinnini.
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The upper contact of the Hoskinnini is gradational. Baker
(1936, p. bO) selects the upper contact at a horizon 8 to 11 feet above
two crinkly limestones. Both limestones are unusually persistent in the
western part of the Monument Valley area. They were not found, however,
in the eastern part, possibly being replaced in that area by a persistent
bed of white to gray fine-grained sandstone about L4 feet thick.

In most lqealities exaq;ned the strata 8 to 11 feet gbove the crinkly
1ime§tones change from arenaceoﬁs‘eyenAbedded red beds to chogolate-
cclgred beds composed of shaly siltstone. Tyis chanée is q&pressed
topograppically by the transition from aist;;p slope formed by the Hoskinnini
red beds to moderate slopes composed of the shaly éiltstones of the
Moenkopi formation.

Paleontologic evidence for the age of the Hoskignini is lacking.

Baker (;936, p- 40) suggests, (on the basis of lithologic similarity to the
sediments forming the Organ Rock tongue), that the Hoskinnini ié Permian in
age and represents the highest of the thre¢ red bed tongues of the Cutler

formation.

Triassic system

Mognkopi formation
Conformably overlying'the Hoskinnini tongue of the Cu?ler formation
are the chocolate-brown to dark reddish-brown (10 R 3/4) easily eroded
shaly siltstone and sandstone beds of the Moenkopi formation of Early and
Middle(?) Triassic age. Where it is protected by a cap of the Shinarump

member of the Chinle formation, the Moenkopi forms gentle to moderately

steep talus-covered slopes; where unprotected, it is intricately dissected

into a maze of canyons, ridges, low cliffs, benches, and isolated tables.
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On weathered surfaces the Moenkopi is dark reddish-<brown
(10 R 5/k) with local areas of chocolate brown (10 R 3/3). Its
coloration is diagnostic and contrasts markedly with the light gray
of the overlying Shinarump member cf the Chinle formation and the
light tan of the DeChelly. PFresh surfaces of the Moenkopi formation
are light-brown to pinkish-brown. In place§ Moenkopi beds are a
light yellowish-gray (5 Y 7/2) to a light olive-gray (5 Y 5/2). These
have no great extent and laterally grade imperceptibly into the dark
siltstone and sandstone beds of typical Moenkopi.

Distinctive features of the Moenkopi are many minbr structures such
as ripple marks, rain pits, and shrinkage cracks. Three main types of
ripple marks'{ere observed. The dominant type, confined principﬁ;;y to
shaly siltstone, consists of even, asymmetrical, parallel crests and
troughs, averaging about 1 inch from crest to crest. These cu}regt-éypé
ripples have been called parallel ripple marks by McKee (1954, p. 57). The
second type are cusplike and commonly appear as sﬁg;l basins about 3 iﬁéﬁes
in diameter. McKee (1954, p. 60) considers these characteristic of stream
deposits. In the Monument Val}ey ares they are common in the sandstones.
Interference ripples ("tadpole nests") are the third type and are relatively
scarce. They resemble a honeycomb and appear as a ser?es of small deep
cells each about 1 inch in diameter, surrounded by sharp crested wallé.
Rain&rop pits and shrinksge cracks are found locally and are beést preserved
in the fine-grained sediments. In many places these shrinkage cracks

(mud-cracks") are filled with a fine-grained sand. Scattered through the
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siltstones are a few rounded quartz grains larger than silt size. The
san@stdne beds are fine grained with most of the grains ranging in size
from aboﬁt 0.10 mm to a maximum of about 0.30 mm. Most of the grains are
angular to subangular. Colorless quartz is the major constituent, and
accessory minerals are microcline, plagioclase feldspar, and mica. Zircon
and garnet grains have been noted., All of the gréins are coated with a
£ilm of brown iron oxide. Calcium carbohate is the main binding agent,
with both chalcedony and iron cementing the grains.

Along the east and west flanks of Skeleton Mesa (fig. 2) lenticular
beds of satin spar gypsum up to 1lh inches thick are intercalated in the
shaly siltstone beds. Although gypsum in the Moenkopi is widespread in
western Utah (McKee, 1954, p. 47), it is uncommon in the Monument Valley
area.

Measured sections of the Moenkopi fprgation indicate a persistent
and gradual thinning to the east. This conforms well to the regional
pattern of the Moenkopi. McKee (1954, p. 76) reports £hat the Moenkopi
is as much as ?,OOO feet thick in western Utah and that it gradually
thins eastward. In the Zion Park region the Moenkopi is more than 1,600
feet thick (Gregory, 1950, p- 59),_ Eastward the formation thins to about
900 feet in the Capitcl Reef area(Smith, Hinrichs, and Luedke, 1952L and.
near the western edge of the Monument Valley area it is only about 275 feet
thick° As one traces the formation eastward in Monument Valley, iét

continues to thin and is only about 65 feet thick near the eastern edge.
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The following sgction is considered chargcteristic of the Moenkopi
formation as developed in the western partjof the Monument Valley area,
Arizona.

Section of Moenkopi formation measu;éd at southeast end of

Hoskinnigi Mesa, about 12 miles northwest of Agathla Peak

Feet

Shinarump member of Chinle formation

?nconformity
Moenkopi formation
Siltstone, shaly, dark-redd;sthrown with light-
grayish-green zone 2 feet tﬁick near top; thin-
bedded, interleaved lenticular sandstone beds each

about 2 feet thick through entire sequence . . . . . . 171

Sandstone, dark-reddish-brown massive fine-grained. . . . . o 3
Siltstone, shaly, reddish-brown, forms gentle slope . . . . . L
San&stone, dark-red, even-bedded, forms cliff . . . . . . . . 27
Siltstone, shaly, dark-red, interbedded with platy’

ripple-marked sandstone. . . « . ¢ . ¢ . 4 4 0 0. .. 13
Sg.nd.stone, dark-reddish-brown crossbedded, fine- to

medium-grained; locallj alters to a light-gray . . . . . 5
Siltstone, shaly, dark-red to brown, ripple-marked . . . . . é%%_

Hoskinnini tongue of Cutler formation

In several localitiqs’broad elcnéate'shallow depressions, teimed
swales, are cut in the top of the Mbeﬁkopi (p. 144,). These swales range
in width from half a mile to as much as 3 miles and extend in length

for 3 to 4 miles. They have about 50 feet of relief.
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The contact with the Hoskinnini tongue is gradational ﬁherever
observed in this area. In mapping, the contact used was the change
from‘the massive nodular weathering ledge-forming siltstonés and fine-
grained sandstones of the Hoskirnini to the thin-bedded shaly siltstones
of the Moenkopi. This contact was emphasized in the western part of the
area by the crinkly limeétones, and in the éastern part by a bed of white
to gray fine-grained sandstone (p. 48). Commonly this contact is marked
By a topographic break between the clifflike escarpments of the Hoskinnini
and the recediﬁg slopés formed by the Moénkopia As'Selécted, this contact
is about 8 to 11 feet below the contact selected by Baker (1936, p. b0).

The dﬁper contact is distinetly unconformable, foé an undulatory
erosional surface of wide extent bevels the top gf the Moenkopi formation.
No evidence of angular discordance was noted. This disconfor@ity shows
but Blight relief when viewéd in gross aspect although the swales referred
to above cause it to be undulatory and deep chahnel scours (p.135) inter-
rupt its smpoth uqdulations. In gengyal, relief along the disqomformity,
if one excepts the deep channel scquré ahd the broad swales, does not
exceed 3 to 5 feet.

McKee (1954, p. 37) reports as a common phenomenon hills or mounds
of Moenkopi sediments that stick up into the Shinarump member of the
Chinle formation. Features of a similar nature were not noted in the
Monument Valley areé.

In the Monument Valley area a discoloration or bleaching of Moenkopi
sediments is nearly everywhere present below the disconformity. Generally

this discoloration occurs as a 6 inch uninterrupted grayish-green zone
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vhich contrasts markedly with the reddish brown of underlying normal
Moenkopi sediments. Iocally, however, especially below channels (p.185),
:bhis light-grayish-green zone may increase in thickness to as much as 7T
feet. The grayish-green discoloration is strongest in those sediments
directly below the d.isconfof‘mity., A few inches below the Shinarump mewber,
the intensity of the grayish-green color diminishes through a transitional
zone about 6 inches thick that consists of alternating bands of grayish
green and reddish brown. Below this transition zone is the normal reddish-
brown color of the Moenkopi.

Fossils were not found in the Moenkopi in the Monument Valley area
of Arizona. An Early Triassic and possibly Middle(?) Triassic vertebrate
fauna has been found in the general area of Meteor Crater, Ariz.

(Welles, 1947 ). '

The Moenkopi in the mapped area seems to have been deposited in
a marginal marine ares which was exposed to subaerial erosion at inter-
mittent periods during its formation. Ripple marks imply a relatively
shallow water origin for some of the sediments. Raindrop jmpressions
and shrinkage cracks suggest that Moenkopi sediments were exposed to the
atmosphere. The presence of gypsum beds suggests local lagoons and playas.
Many of the sandstones in the Monument Valley area are interpreted by
McKee (1954, p. 78) to represent stream-laid deposits built along delta
fronts.

Moenkopi sediments in the Monument Valley area pro‘qably can best be
considered as near shore mud flats on a broad plain slopiﬁg gently
westward to the sea from higher lands in western Colorado (Baker, 1933,

p. 36). On these mud flats, lagoons and playas formed, and locally delta-

like deposits were built onto this sloping plain by westward-flowing rivers
McKee, 195k, p. 79).
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As the seas that deposited the silts and sands of the Moenkopi
withdrew, a surface of low relief was exposed. McKee (195la, p. 88)
gonsiders that this surface was dissected for a considerable period of
time. 1In view of the complete absence of any deposits that can be
definitely related to such an extensive period of dissection, we believe
that the period of exposure was relatively short and that the depogition
of the Shinarump member of the Chinle formation began shortly after the
surface of the Moenkopi was expoéeda We suggest that most of the channels,
swales, and other features that mark the contact of the Mognkopi and
Shinarump were formed by the streams that deposited sands and gravels ofi
the Shinarump member. These clastics were deposited by northerly flowing

streams from a newly raised highland mass in central and southern Arizona

(McKee, 1951b, p. L493).
Chinle formation

‘I'he_ Chinle formation consists of conglomeratic sandstone, variegated
siltstone, mudstone, and claystone beds in which iight gray, gray, green,
lavender, violet, black, and yellow are outstanding colors. In the Monument
Valley area the predominant cast of the formation is a light greenish gray
ﬁth the uppermost unit, the Church Rock member, a contrasting reddish
brown.

Badland topography is characteristic, due primarily to the easily
eroded claystones and mudstones. A cliff about 50 feet high, formed by the
Shinarump member, commonly marks the basal part of 'the unit. Locally,

large masses of red sandstone and siltstone talus (li'erive_d from the overlying

strata form a protective cap‘ over the Chinle claystones and mudstones.
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As the Chinle weathers back, these areas are dissected and preserved as
demoiselles. Wherever exposed, the Chinle formation is marked by large
landslide blocks. Blocks as much as a quarter of a mile on e side flank
Skeleton Mesa and attesp to the lack of internal strength of the Chinle.

fn dry weather the claystone and siltstone beds are firm, compact, and
well indurated, and their surfaces are marked by a spongy fﬁopcorn“
appearance. In wet weather, howevér, the strata becom? siiék, sticky, #ﬁd
almost ;mpassable,

Gregory, (1917, p. 42), difi&ed the Chinle formation into four
divisi&nsl Each division was given a letter of the alphabet with Division
A reprESentiné tﬁe youngest and Division D the oldest. In order to conform
ta common stratigraphic practice we have designéted each of the members of
Gregory's‘Chiﬁle by a geographic name and propose ﬁhgt the fbllowing
nomenclature be used in tﬁe Monument Valley area, Arizoﬁa, fb; those ﬁbur
members of the Chinle formation 'd.elin‘ea.’c‘;ed: by Gregory. In'1956, the
Géologic Names Cqmmittée of tﬁé U. S. Geologicai Survey abp50vea the
inclusion of the Shinarump conglomerate as the basgal member of ihe Chin;e
formation. As used in this report, therefore, the Chinle in the Monument

Valley area consists of five members.

Gregory Propbsed usage
) ' ‘ ) i .
Division A of the Chinle formation Church Rock member of Chinle formation
o ’ : . * (new) ' ' .
Division B of Chinle formation Owl Rzgk member of Chinle formation
! (new').
Division C of Chinle formation Petrified Forest member of Chinle
' ' formation (Gregory, 1950, p. 6T)
Division D of Chinle formation Monitor Butte member of Chinle forma-
tion (new)
Shinarump conglomerate Shinarump member of Chinle formation

(Stewart, 1957)

In many places contacts between the seversl members are gradational.
Those contacts originally established by Gregory (1917, p. 42) have been

used in the course of this work.
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and northern Arizona, state that "The pebbles in the Shinarump are
composed almost entirely of quartz, quartzite, and chert.”

Some pebbles are as much as 5 inches in diameﬁer although most
are tonsiderably smaller, their average size being about three-fourths
to 1 inch. The pebbles are predominantly quartz with smaller amounts
of quartzite and chert. Less inert materials are present in extremely
small quantities; in a few localities fragments of volcanic ash,
limestone, schist, and granite are found.

Most of the formation is medium- to coarse-grained sandstone with
the coarse-grained size predominating. Fine~grained sandstone beds are
rare. The grains are subangular to subround, with considerable authigenic
quartz overgrowth responsible for tﬁeir angularity. The méjof ébnétituent
of the sandstone matrix is colorless vitreous quartz; minor constituents
include small amounts of microcline, plagioclase feldspar, mica, zircoh,
and chalcedgny. The main binding agent is silica; calcite and iron
oxide are subordinate cements. In a few small areas argillaceous
material acfs as a cement.

The Shinarump member maintains a relatively uniform thickness over
large areas. Although it thickens in places, this seems to be more of a
local phenomenon than a regional trend. In the Utah part of Monuﬁent
Valley it is aé much as 210 feet thick although it averages between 100 and
140 feet in thickness (Baker, 1936, p. 45-46). In the Monument Valley
area, Arizona, the Shinarump maintains a thickness of 50 to 75 feet that
is constant for miles. Iocally the Shinarump thins la$erally, and in a
distance of as 1i%tle as a fourth of a mile may pinch out. The maximum

thickrness measured was about 150 feet, Variations in thickness that have
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been observed can be attributed in part to the erosional unconformity
at the base and in part to the gradational character of its contact with
the overlying Monitor Butte member of the Chinle.

The following section, about 2-1/2 miles due east of Agathla Peak,

[N

is characteristic:
Section of Shinarump member of Chinle formation about 2-1/2
miles east of Agathla Peak

Feet

Chinle formation
Shinarump membef
Conglomerate, light-gray to yellowish-brown; rounded
pebbles of quartz, quartzite, and chert, all vari-
colored, and with maximum diameter of about 2 inches;
matrix of medium- to coarse-grained sand grains;
localiy~grades laterally into conglomeratic sandstone;
forms CLIffe « + ¢ v 4 4w 4 4 6 e 4 e s e s e e e e .. 15
Sandstone, light-gray, massive, crossbedded, platy,
medium- to coarée-grained; friable; sméll rounded
pebbles of quartz, quartzite, and chert scattered

at random through masSs « + « « « + & + o o o s o s « + o il
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Disconfbfmity
Moenkopi formation
In most places, the contact of the Shinarump member with the
overlying Monitor Butte member of the Chinle is ill-defined. Gregory

(1913, p. 433) and Woodruff (1910, p. 87) both suggest that an
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unconformity may be at the top of the Shinarump in this region, but
we have found no evidence to substantiate this. On the contrary, the
Shinarump and the Monitor Butte members intertongue. Richard Q. Lewis, Sr.,
and Donald E. Trimble (written communication) studying the Utah part of
Mon@ent Valley, report an abgenqe of unconformity and state unquivoctlly
that intertonguing exists between the Shinarump #nd the overlying member
of the Chinle. Bpker (1936, p. 46) reports the same and comcludes that
the Shinarump can be regarded as the basal conglomerate of the thn:}.e
formation.

Wherever examined in the Monument Valley area, Arizona, the
contact between the Shinarump member and the overlying sediments is
gradational. The sandstone of the Shinarump grades into a series of
alternating sandstones and claystones of the Monitor Butte member. At
some places the upper contact of the Shinarump is arbitrarily selected
at a zone that is marked by a concentfa.tion of black concretions each
about one-thirty-second of an ing:h in diameter. Almost directly above
this zoné are the crossbedded sandstones and dark-colored clays of the
Monitor Butte member of the Chin;e formation.

Vertebrate and invertebrate fossils are practically nomexistemt
in the Shinarump member, probably because they were destroyed by the
coarse clastic sediments. McKee (1936, p. 261) collected some pebbles

from the Shinarump that contained an invertebrate fauna typical of the
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marine facies of the Kaibab limestone of Permian age. These pebbles
suggest to McKee a source for the Shinarump to the south and east of
the Monument ﬁalley ares.

Large qua.;l‘cities of wood were buried during Shinarump time
and Qre of value in dating the formation. Existing opinion is
that these trees grew on the uplands and along the banks of the
streams that deposited the Shinarump sediments. Their age, therefore,
is the age of the enclosing sediments. All of the logs that have been
e@ined in the Shinarump have undergone some transportation.
Daugherty (1941, p. 29) reports that although the majority of the logs
he examined in the Shinarump had been rafted into their present location,
some of the logs found in the Chinle strata exposed in the Petrified
Forest National Monument were buried in place. In the Monument Valley
area the fossil wood ranges from large silicified logs as much as 60
feet long and 3 to 5 feet in diameter +to tiny pleces of carbonized
wood associabed with uraniferous deposits. Species have not been

identified. The form Araucarioxylon arizonicum has been identified to

the south in the Petrified Forest National Monument as well as in
other localities (Daugherty, 1941, p. 8). It has a widespread distribution,
and it seems likely that it may also be among the silicified logs

exposed in the Monument Valley area.
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Daugherty (1941) interprets the age of these fossil logs in the
Chinle as late Triassic. He believes that all of the fossil plants
in the Shinarump afe identical with species found in the other members
of the Chinle and that the area probably consisted of broad open-forest
grass-covered uplands dissected by the tree-lined streams. He suggesfs
that present-day savannahlike areas are the glqsest approach to
conditions that existed during early Chinle (Shinarump) time. Daugherty
contends that the climatic range was from t.r'o;pical to subtropical.
Nomny, rainfall was ample, but thesé periods of adeguate moisture

were interrupted by short periods of aridity.

Monitor Butte member

In the Monument Valley area, Arizona, the somber-colored claystone,
siltstone, sandstone, and conglomeratic sandstone beds of the Monitor
Butte member commonly intertongue with the underlying Shinarump member.

The Monitor Butte member is well exposed along the north@astg
flank of Monitor Butte, its type locality. The butte is about ]rh miles
northwest of O0ljeto, Utah.

In the Monument Valley area, Arizona, the Monitor Butte member
is best exposed near the volcanic ﬁeck, Agathlas Peak, and along the
flanks and around the southern nose of the Atga.thia anticline (fig. 2).
In these areas it consists predominantly of crossbedded conglomeratic
sandstone beds interleaved with dark-gray claystones. It forms buttes,
mesas, and badlands. In places dissection has develo;éed narrow deep

gullies which alternate at irregular intervals with steep-ridged
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interfluves. The Monitor Butte member also crops out along the flanks
of Skeleton Mesa; in this locality it consists predominantly of
dark-purple claystone and siltstone beds.

In places, the attitude of the beds forming the Monitor Butte
member are extremely irregular and do not conform to the regional
strike and dip. Folding, faulting, intraformational unconformities, and
other evidence of penecontemporaneous deformation are at most exposures.
These phenomena, however, are not repeated in either the overlying or
underlying strata.

Many features common in ghe Shinarump member are duplicated in
the Monitor Butte member. Crossbedding is extensive in both units, as
is interfingering of the several beds. However, the Monitor Butte is
marked by several distin¢tive features. Among these are perfectly
formed and extensive foreset beds. Locally these simulate bedding
planes and the normal bedding is difficult to discern. Peculiar
imbricating cusplike ripple marks are characteristic of the Monitor
Butte member. Distinctive also are lenses of & brown conglomergte
composed largely of angular to well~-rounded dark-brown pebbles of
calcareous siltstone. The pebbles are as large &s 80.0 mm. TIncluded
with these are quartz, quartzite, and chert pebbles similsr in shape,
size, and color to those of the Shinarump.

Much of the‘Monitor Butte member is da;k-gray to grayish-orange
crossbedded medium- to coarse-grained sandstone lenses. in these
lenses the individual grains are angular to subround quartz with

minor amounts of microcline, muscovite, chalcedony, and zircon. Much
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of the angularity of the quartz grains is attributable to authigenic
quartz. Calcite is t?e dominant cement, with silica, iron oxide, and
argillaceous matter important locally.

Because the upper and lower contacts of the Monitor Butte member
are gradational, and because of the large amount of intraformational
disturbance, thickness figures cannot be precise. In general, it is
about 100 feet thick in the Monyment Valley area of Arizona. At its
type locélity the M?nitor Butte member is about 107 feet thiek (p. 66).

Ehe position of the upper contact is arbitrary and differs frgm
place to place. In those areas where the Monitor Butte member consists
predominantly of sandstone and conglomeratic sandséone, (e.g., near
Agathla Peak), the upper contact is selected as the last sandstone
above which is an uninterrupted sequence of variegated siltstone and
claystone beds. Elsewhere, as along the flanks of Skeleton Mesa, where
the Monitor Butte member consists predominantly of d;rk-purple
claystone and siltstone beds, the upper contact is selected as that
borizon at which the sediments change in color from dark purple to

light gray green.
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The following is presented as the type section of the Monitor Butte
menber of the Chinle formation:
Section of Mpniﬁg} Butte member of the Chinle formation
| measured at north end of Monitor Butﬁe‘in SE 1/4, sec. 3,
T, 41 s., R. 13 E., Utah, about & quarter of & mile

southwest of the Whirlwind mine.

Feet

petrified Forest member of Chinle formation
Monitor Butte member of Chinle formation
Siltstone and claystone, grayish-orange to moderate-
yellowish-brown, containing beds of crossbedded
conglomeratic sandstone, and fine- to coarse-grained
sandstone lenses; weathers to form gentle scree-
covered BlOPES. « + 4+ + « o o o 4 o o 6 4 s o e o o o 8
Sandstone, yellowish-gray, fine- to medium-grained,
thin-bedded, platy, cusplike ripple marks; grades
laterally into dark-gray to light-gray siltstone. . . . 1
Claystone, grayish-yellow~gregn, fissile; weathers
to form gentle scree-covered SlOPE. o o « « o o o 4 + o 9
Sandstone, dark-gray to pale-yellowish-brown, fine~
grained, massive, dense, well-indurated, cemented
bycalecite. . o ¢« o o o o o o o o o o o s o s o o o & @ 2
Sandstone, dusky-yellow, poorly consolidated, grades
laterally into a siltstone facies, small fragments

of silicified wood included . . . ¢ v o v o 5 o o o o o T
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Feet
Sandstone, locally conglomeratic, grayish-orange to
light-brown, fine-to coarse-grained though pre-
dominantly medium-grained, massive, crossbedded,
cusplike ripple marks, forms cliff. . . « « . « « . 25
Claystone, siltstone, and sandstone sequence alter-
nating with one another at irregular intérvals,
predominantly light-gray to dark-gray. Thin-bedded in
upper part; crossbedded, platy, forms broad gentle
scree~covered S1OPE « .« « + 4« + o o s 6 6 6 o o o s 55
107

Shinarump member of Chinle formation

No recognizable vertebrate or invertebrate fossils were found

although rare bone fragments are in the conglomerate beds. Fossilized
wood resembles that in the Shinarump member and most likely represents

the conifers Araucarioxylon and Woodworthia.

The nort;hward,-floﬁng streams that deposited the §h;narunm
continued uninterrupted during the beginning of Monitor Butte deposition.
This is indicated by the similarity in materials and bedding, and by
the extensive intertonguing between the two units. Near the end of
Monitor Butte deposition the flow dwindled and the size of the material

deposited decreased.

?etri:ﬁ'ied. Forest member
Overlying the dark sandstone and mudstone beds of the Monitor

Butte menber are a series of irregularly bedded variegated siltstone

-and claystone beds ‘tha,t form the Petrified Forest member of the Chinle .
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formation. This unit was named by Gregory (1950, p. 67) for exposures
in Zion Park, Utah. The thick uninterrupte& sequence of fine-grained

sediments and the vivid hues distinguish this unit from the remainder
of the Chinle.

This member of the Chinle is extremely weak and forms "badland"
topography characterized by low round hillocks, immature mesas, deep
intricately sculptured steep-walled ravines, and narrow ridges.

Because the Petrified Forest member is weak, landsliding is
common, and normally involves not only the Petrified Forest member
itself but also the overlying strata.

A large part of the Petrified Forest member is a massive uniform-
tgxtured well-indurated siltstone and mudstone in various tints and
shades of pink, red, blue, gray, violet, and green. Locally small
discontinuous lenses of mud pebbles form conglomerates which interrupt

this sequence. 1In the massive facies the dominant grains are angular

;quartz about 0.006 mm long. Dispersed through these small grains are

individual quartz grains as much as 0.24 mm in size. Calcite is the
principal cement with silica and clay as minor binding agents.
Dispersed throughout this member are light-gray claystpngs which |
swell notably when wet. TIn tpese{ the dominant mineral has been
identified as montmorillonite (Allen, 1930, p. 28k4). Other evidence
of volecanic activity during Chinle time has been reporte@.by Wgters
and Granger (1953) who noted fragments of altered voleanic gléés‘and
bits of microlite~filled lava in thin sections of sediments og the

Chinle. Allen (1930, p. 286), commenting on the mottling in the Chinle,
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sugges@s that this peculiar type of coloration developed in bentonitic
sediments after deposition in response to environmental conditioqﬁ
under which the sediments accumulated.

The Petrified Forest member is sbout 620 feet thick at Tyghdg'Mesa
near Agathla Park, and about 510 feet along the east flank of Skele%on

Mesa. Stewart and others~/ report the unit as about 500 to 70O feet

~ _/ stewart, J. H., Williams, G. A., Albee, H. F., and Raup, O. B.,
in preparation, Stratigraphy of Triassic and associated formations in

part of the Colorado Plateau region, with a section on Sedimentary

petrology by R. A. Cadigan: U. S. Geol. Survey Bull,

thick in thé Monument Valley area.

The section measured on the east flank of Tyende Mesa below Owl
Rock (fig. 2) is characteristic.

‘Sgctiog of Petrified Forest member of Chinle fbrmmtion ﬁe@sured
at Owl Rock, about T-1/2 miles north of Kayenta, Ariz.

: Feet
Owl Rock member of Chinle fbrmation

Petrified Forest member of Chinle formation
Claystone, mudstone, and siltstone, grayish-brown to
red, mottled; interbedded platy lenses of well-
rounded mud pebbles in a siltstone matrix; elsewhere
nodules form conglome:gte lenses contéining

pelecypod TEmainS. o « + v o o o 4 4 b e e e e e e W72
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k , Fee
Claystone, mudstone, and siltstone, variegated, b

generg;ly light-greenish-gray to pale-red,
spongy "popcornhlike" surfacefweathers to form
angular to rounded fragments; locally mudstone
gives way laterally to siltstone with inter-
calated medium-grained sandstone lenses about

2 feetthieko 6 o o © o o o .o 4 o o o 6 o o &5 & 0 @ l)'l'8
7620

Monitor Butte member of Chinle formation

The upper contact is selected as the first limestone ledge below
which.is an unbroken series of variegated claystone, mﬁdstong, and
giltstone beds,and aboﬁe which is 5 series of cherfy liméstone be&s
alternating with c¢laystone, mudstone, and siltstone beds. In several
localities, the Petrified Forest member intertongpes with the'overlying
Owl Rock member.

Petrified wood is sparsely‘distribuéeé through the claystone and
silts%one bgds of this member, but elsewhere in northem Arizoﬁa the
ambunt of fossil wood found in this meﬁber is in such quantities as to
form fossil forests. Daugherty (;9#1, p- 9) reports sucﬁ foresﬁs at
Round Rock, ‘Adsmana, and Beautiful Valley, Ariz. Most of the logs
(probably conifersj found‘in this member apﬁear to have been rafted
into place. Identifidble fossils were not found in the Monument Valley
area, Arizona, but elsewheré in northern Arizopa, (Camp, and othérs,
1947, P 8) in%értebfates such as molluscs are preéent, as well as

vertebrates such as fish, (Pyctodonts, Semionotids), amphibians,

Metoposaurus), and reptiles (Coelophysis).
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With the continued slackening of stream flow first apparent duriﬁg
the later stages of Monitor Butte deposition (p. 66), siltstones and
claystones began to be deposited by reiatively quie£ waters., This
depositional environment continued during the formation of the Petrified
Forest member. Probably the climate was arid and the landscape even and
monotonous. Some volcanic activity is suggested by the presence of

volcanic shards.

Owl Rock member

The Owl Rock member of the Chinle formation is a series of cherty
limestone and limestone conglomerate beds alternating with claystone,
mudstone,”ang siltstone beds. Wherever this member crops out the
resistant limestone beds form a series of jutting ledges that serve
partly to protect the underlying strata.

In the Monument Valley area, Arizona, the Owl Rock member is
best exposed at its type locality near the base of Owl Rock.

Limestone conglomerate beds give way along the strike to massive
cherty limestone beds which have subangular to angular nodules of black
chert scattered irregularly throughout the beds. A light-bluish-gray
(5 B 7/1) color predominates although locally greater concentrations of
cheft tend to darken the limestone beds to gray blue. The ledges formed
by theselimegténesnormally range from about 2 to 20 feet in thickness
and are separated one from.ahother by siltstone and mudstone masses as

much as 30 feet thick. The cherty limestone beds weather to form
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nodular, blocky, well-jointed ledges. As many as six of these limestone
ledges were noted ih the Monument Valley area. Of th_gzse only five were
persistent and could be traced with any degree of confidence.

The Owl Rock member ranges in thickness from sbout 120 to 166 feet.
At Owl Rock the member is 166 feet thick; farther éou’ch along Comfb Ridge
near Ché,istla Butte it is about 134 feet thick; to the west along the
east flank of Skeleton Mesa it is about 128 feet in thickness. A
comparable tbiékness for this unit is reported by Gregory (1917,
p. 44-45) who cites a thickness of 152 feet for this member of the

Chinle at the mouth of Tseyi-hatsosi Canyon near Boot Mesa (fig. 2).
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The following is presented as the type section of the Owl Rock
member of the Chinle formation:
Section of Owl Rock member of Chinle formation measured at

Owl Rock about 7-1/2 miles north of Kayenta, Ariz.

Feet
Church Ropk megber of Chinle formation
Owl Rock member of Chinle formation
Limestone, pale-grayish-green, cherty, persistent cliff-
former; weathers to form blocky masses. . « « « ¢ « o« « & « & T
Mudstone, pale-reddish-brown, some intercalated
siltstone lenses; forms gentle Slopes . « « o « « ¢« o o o & & 11
Limestone, pale-grayish-green; includes black angular
chert nodules; persistent cliff-former. . . . . « +« « ¢« « .+ & 2
Mudstone, pale-reddishébrown, forms gentle slopes . . . . . . . 2
Limestone, grayish-green; includes'black angular chert
nodules; cliff-fOIMEY « v v v o« o o o« o o o o o o o o o o o o 2
Siltstone, brown, massive, very sligptly fissile;
locally stands as vertical face . . + « ¢« « o ¢ & ¢ o 2 ¢ o 11
Mudstone, pale-reddish~brown %o mottied appearance
resultihg from scattered small green specks; forms
gentle SLOPES v v v v et e et e e e e e e e e e e e e 26
Limestone, pale-gray; includes black angular chert
nodules; persistent cliff-former. . . , « + « « « « « &+ o » . 10

Mudstone, pale-reddish-brown; locally grades into

siltstone; forms gentle S1OPES. « « « « « ¢ « « o &+ o+ o o » o 16
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Limestone, light-gray, massive; includes black angular Fee

B

chert nodules; persistent Cliff-fOTMET: + o v o o o o « o 10
Mudstone, pale-red; locally altered to conglqmeratic

siltstone near top; lower part forms slopes, upper

part stands as vertical face. . . .« o o o o ¢ o & o o & o o 33
Claystone, gray to purple, discontinuous; locally forms

1edgeS. o o + 4 o 4 e 4 0 o s o 4 4 s 6 6 e e s s e e e s 1
‘Mudstone, reddish-brown; forms gentle slopes. o + « « - « « . 16
Limestone, light-gray; includes black angular chert

riodules; weathers to form blocky MASSES + . « « « « « o o . 19

166

Petrified Forest member of Chinle formétion

In most places the upper contact is the uppermost limestone ledge
in the mudstone and limestone sequence. Directly overlying the
liméstone bed is a sequence of reddishAbrawn parallel and‘crossbedded
siltsténe and sandstoné beds (i.e., Church Rock member) that contrast
markedly with the underlyiqg grayish-green mudstone, siltstone, and
cherty limestone beds. In places the sgq;ments of the Owl Rock member
intertongue with the overlying Church Rock member. Along Comb Ridge
in-the area near the Monument No. 2 mine the mottled gr@yishngrggn silt-
stpne beds of the Owl Rock member are replaced laterally by the reddish-
brown siltstone and sandstone beds of the Church Rock member.
Here, therefore, the distinctive limestone ledge selected as the top of
the Owl Rock member is underlain by typical Church Rock sediments.

Similar intertonguing between these two units has been noted elsevhere in

the Monument Valley ares.
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Invertebrates collected from a limestone conglomerate in the Qwl
Rock member have been identified by John B. Reeside, Jr. (written
communication) as "Unio n. sp." He states, "Only one species appears
to be present, but it does not match any of the dozen or so of described
upper Triassic species."

Although fossil wood has been found, it is in much smaller amounts
than in the underlying Petrified Forest menber. PFossil wood collected
from this member elsewhere in Arizlona, has been assigned a Late Triassic
age (Daugherty, 1941).

The Owl Rock member represents an episode marked by alternating
lacustrine and fluviatile deposition. The fluviatile conditions that

had continued uninterrupted since the beginning of deposition of the .

Shinarump memberx had slackened sufficiently by the close of Petrified
Forest time to permit the formation of ephemeral fresh-water playa lakes.
In these, dense massive light-gray limestones of limited extent were
deposited. These limestone beds in turn were soon buried by siltstones

and claystones brought in by sporadic revivals of stream flow.

Church Rock member

Overlying the grayish-green limestone and claystone beds of the
Owl Rock member are the reddish-brown (10 R 4/3) parallel and crossbedded
siltstone and sandstone beds of the Church Rock member of the Chinle

formation.
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In detail the Church Rock member of the Chinle formation is

marked by medium-scale trough-type crossmstratificatlon (Stewart and others~/)

7/ Stewart, J. H., Willlams, G. A., Albee, H. F., and Raup, O. B.,
in preparation, Stratigraphy of Triassic and associated formations in

part of the Colorado Plateau region with & section-on Sedimentary

petrology by R. A. Cadigan: U. S. Geol. Survey Bull.

The sorting is consistent and uniform. Most of the material is silt
size although local lenses of sandstone are present. Grains are
subangular and only a few show any rounding. The major mineral is
colorless guartz with the grains coated by a thin film of brown iron

oxide.
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The Church Rock is remarkably uniform along most of its outecrop.
The following section measured along Comb Ridge near Kayenta, Ariz.,
is considered typical:
Section of Church Rock member of Chinle formation measured
on Comb Ridge about 6-1/2 miles northeast of Kayenta, Ariz.

Feet
Wingate sandstone

Church Rock member of Chinle formation

Siltstone, reddish-~brown, fissile, even-bedded;

weathers to form nodular ledges. . . . . . . + « « + & 12
Siltstone, reddish-brown, crossbedded; locally inter-

bedded lenses of fissile shaly siltstone . . . . . . . 11
Sandstone, grayish-brown, crqssbedded., coarse-grained;
| includes granules as much as one-quarter of an inch

in diameter; thin discontinuous seams of chocolate-

brown siltstone along beddimg planes . . . . . . . . . L
Siltstone, reddish-orange altering locally to light-

gray; interbgdded lenses of coarse-grained sandstone . 20
Siltstone, reddish-orange, massive; weathers to form

blocks about 2 feet on a side. . . . . « . o . . 0 . 3
Siltstone, reddish-orange, to reddish-brown, even-

bedded, slightly fissile, mottled surface covered

with light-gray spots about 2 inches in diameter . . . 75
Siltstone, reddish-brown, even-bedded; locally

discontinuous; gray spots irregularly distributed

OVeY SUTTACE + & ¢ ¢ o o o o o o o o o o o o o s o o s 5
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Siltstone, reddish-orange, even-bedded, extremely e

fissile; locally interbedded with massive

crossbedded siltstone beds. . . « « « « + ¢« . s . . 52
Siltstone, reddish-orange, fissile; locally

disaontinuous « « « « « 4 o ¢ e 4 6 6 e e e e 0 e . 6
Siltstone, reddish-brown, even-bedded although

locally crossbedded; weathers as blocky ledges. . . 52
Sandstone, light-tan to light-brown, thin-bedded,

platy; faintly ripple-marked. . . . . + « « + « + o -6

B

Owl Rock menmber of Chinle formation

The Chyreh Rock member differs in thickness at various localities.
An average thickﬁess for this member in the area west and soutﬁ of
Agathla Peak is about 150 fEey,

In most places in the Ebnumgnt_Valley area a recognizable
contact exists beyween the Church Rock menber a;d ?he Wingate sqndstone.
In gross gspect the change %s from a parallel and crosgbedded degosit
with depositional features typical of fluvial deposits, to a massive
deposit marked by vlarge sweeping_cross:laminae cp@@oply attributed
to eolian deposits. 1In detail the contact is marked in many localities
by distinctive well-rounded coarse quartz grains in the basal sediments
of the Wingate sandstone,

We interpret the intertonguipg between the Owl Rock and Church
Rock members (p. 73) as confirming the concept that the Church Rock is

an integral part of the Chinle formation. This viewpoint is not held

by J. W. Harshbarger and C. A. Repenning of the U. S. Geological Survey,
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who have studied the Chinle-Wingate relations south of the Monument

Valley area. In several localities on the Navajo Indian Reservation

they have note@ an irregular erosional surface overlain by & thin granule
pebble conglomerate between divisions A and B (Church Rock and Owl Rock
members) of the Chinle (Harshbarger, Repenning, and Jackson, 1951, p. 96).
Further, they cite intertonguing rel&tionships in the Lukachukai Mountains,
Ariz., between the Church Rock (Division A) and ?he overlying Wingate
sandstone as evidence that the dhurch Rock (Division A) bas closer
affinities to the overlying Wingate than to the underlying Owl Rock memnber.
On the basis of this interténguing plus the erosional surface and the
overl&ing granule pebble conglomerate, Harshbarger and Repenning conten&
that the Chinle-Wingate contact is below the Church Rock (Division A).

This interprétation'would remove the Church Rock (Division A) from the
Chinle and assign it as the basal member of the Wingate sandstone.

We are unable to agree with this interpretation. Although Callahan
(1951,‘p. 51) reports a pebble conglomerate between the Chinle formation
and the Glen Canyon group in the vicinity of Kayenta, Ariz., we were
unable to fine such a horizon. In the mapped ares, we have not found a
pebble-granule ponglbmerate at the base of the Church Rock member, nor
have we found an erosional surface. Moreover,‘we have not perceived any
intertonguing relations between the Church Rock and the Wingate in the
aréa we sﬁudied. Similar lack of intertonguing between Division A of
the Chinle (Church Rock) and the Wingate sandstone was reported by
Alfred F. Trites, Jr., for the White Canyon district, Utah; J. D. Sears
for the San Juan River area; Utah; and Richard Q. Lewis, Sr., for the
Monument Valley area, Utah, and the Elk Ridge ares, Utah (a;l oral

communications).
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Unfortunately what fossil evidence is available affords little
assiétance in the solution of this controversy. Faced with this problem
and pending further stratigraphic work the Geologic Names Committee
of the U. S. Geological Survey has ruledlthét north of Laguna Creek
(fig. 2) Division A (of the Chinle) is to be known as the:derch Rock
mexmber of the Chinle formation. South of Laguna Creek the same sequence
of strata is to be known as the Rock Point member of the Wingate
sandstone.

We are indebted to C. A. Repenning for the following information
concerning the fossil content of strata (i.e., Rock Point) stratigraphically
equivalent to the‘Church Rock member of the Chinle formation. Only a few
4.‘ fossils have been found; these consist mainiy of unidentifisble ngnt

remains, petrified wood ffagmeﬁts, and a few fragménpary reptilian remains.

The reptilian remains were identified as the phytosaur Machaeroprosopus

by David H. Dunkle of the U. S. National Museum. Camp (1930) assigns

Machaeroprosopus to the Letten Kohle and lower Keuper of the German

Triassic. Hence,‘on what fossil evidence exists, the age of the Rock

Point (i.e., Church Rock) is Triassic.

Wingate sandstone

Overlying the Church Rock member of the Chinle formation is the
reddish-brown (10 R 5/L4) crossbedded massive fine-grained Wingate
sandstone, the basal menber of the Glen Canyon group. The-unit forms

N cliffs and commonly crops out in its full thickness. A close-spaced
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nearly vertical fracture system has been imposed on the.Wingate and
dissection along these vertical planes has résﬁlted in perpendicular
smootﬁ-f’a.ced walls which in plaées are a much as 350 feet high. The
imposing mlls are an effective barrier for long distances, a,r_1d generally
the only way across the cliff is by means of built trails.

On weathefed‘surfalces the Wingate is a deep reddish brown, and
dark surface stains give the formation a sb;nber hue. On fresh sur:faces
the rock is lighter, ranging in color from pale pink to very light
buff. Large-scale crossbedding is typical of the Wingate and can be
observed wherever the formation crops out. Many of the beds show the
broad curving tangential laminae typical of eolian deposits. The
texture is unusually uniform. The Wingate is composed predominantly of .
subround to round fine-grained quaftz sand with small amounts of well-
rounded coarse quartz grains in the lower few feet. Authigenic quartz over-
growths give some grains an é.ngular surface. Minor constituents include
microcline, plagioclase feldspar, tourmaline, and chert. Among the heavy
minerals are small quantities of zircen, magnetite(?), and garnet. The
grains are cemented dominantly by calcium carbonate and to a lesser
extent by secondary silicé, ?.n;i iron oxide. Coating all of the grains
is a thin film of brown iron oxide.

'l"he Wingate sandstone thins to the east and to the southeast from
the Monument Valley area (Harshbarger, Repenning, and Jackson, 1951, p. 9§).
This ?mgressive thinning, however, is interrupted by lloca.l erratic
changes. Thus, the Wingate is between 310 and 320 feet thick along the

west flank of Skeleton Mesa (fig. 2). At the northeast tip of Skeleton .
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Mesa, however, we have measured a thickness of 360 feet. At Boot Mesa
the Wingate is about 350 feet thick, and Hamshbarger, Repenning, and
Jackson, (1951, p. 96) give the thickness‘of the Wingéte as 305 feet
near Kayen’ca,'A;'iz° To the east, the progressive thinning is apparent
along Comb Ridge north of Dinnehotso, Ariz., where the Wingate has
thinngdito 210 feet. |

The contact with the underlying Church Rock member is conformable
wiﬁhin the Monument Valley area of Arizona end no evidence of inter-
tonguing between the Church Rock (Division A of the Chinle formation)
and Wingate was observed (p- 78)' Farther south, in the Lukachukai
area, Harshbarger and his colleagues (1951, p. 96) report such inter-
tonguing relationships and Baker (1936, p. h9) reports that in the Utah
part of Monument Valley "irregularly bedded sandstones at the top of the
Chinle formation grade into the Wingate sandstone."

The contact with the Kayenta formation is gradational and transitional.
No break is apparent and, as far as is known, the contact is conformable.

No fossils were collected from the Wingate sandstone, and hence
no evidence exists as to the age of this formation in the Monument Valley
area, Arizona. Previous reports have tentatively classified the Wingate
as Jurassic(?). However, in the Lukachukai area fossils of Triassic
age (p.- 79 have been found in sediments (i.e., Rock Point) that inter-
tongue with the Wingate. On this basis, J. W. Harshbarger and'
C. A. Repenning have proposed, and the Geologic Names Committee of
the U. S. Geological Survey have accepted, a Triassic age for the

Wingate sandstone.
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The tangential crossbedding that marks the Wingate sandstone of
the Monument Valley area indica‘ces that the unit was deposited by winds

under terrestrial conditions of extreme aridity. Stewart and others-/

—/ Stewart, J. H., Williams, G. A., Albee, H. F., and Raup, 0. B.,

in preparation, Stratigraphy of Triassic and associated formations in

part of the Colorado Plateau region, with a section on Sedimentary

petrology by R. A. Cadigan: U. S. Geol. Survey Bull.

suggest that most of the sediments came from the northwest. The Monument
Valley area seems to be near the center of the Wingate's gross depositional

ares, which is in the forﬁ of a large shallow basin with one elongate

protuberance to the east into New Mexico (Baker, Da.ne, and Beeside, 1936,
p. 52). Near the margins of the basin Baker, Dane, and Reeside (1936, p.
53) consider the Wingate to have been deposiﬁed. by a commingling of
water-worked and wind-worked material. They consider the sediments in

the center of the basin, however, to be composed of eolian material.

Jurassic(?) system

" Kayenta formation

The middle member of the Glen Canyon group is the Kayenta formation,
probably of Jurassic(?) age. The Kayenta is pale-reddish-brown (10 R 5/5)
to grayish-red (5 R 5/2) irregular‘l:y bedded calcareous sandstone with
intercalated layers of shale, arenaceous limestone;, and conglomerate.

Its type locality is along Comdb Ridge about 1 mile northeast of the

town of Keyenta, Ariz. (fig. 1).
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Commonly, the basal part of the Kgyenta forms & resistant ledge
that protects the underlying Wingate sandstone. The upper part is less
durable and weathers to a steep slope below the escarpment formed by the
overlying NavaJjo sandstone. In detail, Fhis steep slope is marked by
a series of ledges and narrow platforms ﬁhat are separated by short
slopes.

Irregular bedding, which is characteristic of the Kayenta, is
conspicuous, and was used in the course of mapping as a guide in
delineating this formation from both the underlying and overlying massive
crossbédded sandstones.

In detail, individual sandstone beds and lenses in the Kayenta
formation cannot be differentiated either in color or litholégy from
similar &ppearing beds in either the Wingate or Navajo sandstones.

Many of these sandstone lenses in the Kayenta are as much as 20 feet thick,
are masgive, and show good large-scale crossbedding. Lenticularity is
typical of all the beds comprising the Kayenta whether they are of shale,
sandstone, limestone, or conglomerate. Intertonguing between these units
is common and results in rapid changes in lithology along the strike.

In gross aspect the Kayenta is reddish brown, and locally grayish red.
?he strata range in color from dark orangish-brown to dark greenish—gray
with individual beds colored buff, orange, pink, lqvenéer, and purplish
red. |

In the sandstone beds the grains range in size from very fine
grained (0.06 mm - 0.15 mm) to fine grained (0.20 mm). Most of the

grains range in shape from subangular to round, but some grains are
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angular. Lime pebbles are common in the conglomerates as are angular
nodules of black chert. chally, a limestone conglomerate with includéd
irregularly distributed red and gray shale ffagments is present. The
pebbles of the conglomerate range in shape and lithology from well-rounded
quartz, gquartzite, and chert pebbles to angular fragments of limestone and
chert.

The major mineral in the sandstone units is colorless quartz, with
microcline, plagioclase feldspar, chert, and tourmaline present in
sparse amounts. Other accessory minerals are magnetite, zircon, and
garnet. Most of the grains are coated with a thin £ilm of brown iron
oxide. The major cementing material is calecite although secondary silica
and iron oxide are important locally.

In general, the formation thins eastward although this thinning is not
uniform. The erratic thickening and thinning is well displayed in a series
of measured sections which extend from Skeleton Mesa on the west to Garnet
Ridge on the east (fig. 2) At Skeleton Mesa the Kayenta maintains a’
thickness of about 165 feet. About 12 miles to the southeast, at its type
locality near Kayenta, Ariz., the Kayenta is about 1il feet thick (Baker,
Dane, and Reeside, 1936; P- 5). Still farther east along Comb Ridge,  about
4 milgs from its type locality, the formation has increased in %hickness
to 162 feet. Eastward, near the Porras Dikes, in a distance as short as
2 miles, the formation has dwindled to 146 feet again. Along Comb Ridge,
west of Garnet Ridge, the Kayenta is about 68 feet thick, and near the
very east edge o? the mapped area the Kayenta is only about 45 feet thick.

The fbllowiﬁg section is cha;aptefistic of the Kayenta fbrmﬁtion as

developed on Tyende Mesa, Navajo County, Ariz.:
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Section of Kayenta formation measured at west end of Adahchijiyahi

Canyon sbout 9-1/U4 miles west of Agathla Peak

Feet
Navajo sandstone '
Kayenta formation
Sandstone, reddish-brown, fine-grained, even-bedded,
locally thin-bedded to Platye « « « o o o o o ¢ o« o + o o o Lo
Conglomerate, light-gray, lenticular; composed of
angular to rounded pebbles of fine-grained sandstone,
limestone, quartz, quartzite, and chert . . . . . . . . . . 3
Sandstone, reddish-brown, massive, even-bedded. . . . . . . . '3
Conglqmerate, light-gray, lenticulgr; composed of angular
to founded pebbles of fine-grained sandstone, limestone,
quartz, quartzite, and chert. . . « « ¢ « o « o « o o o o . 6
Sandstone, reddish-brown,  crossbedded, grain Fize
| ranges from fine~ to medium-grained . ) 5
Sandstone, light-gray to buff, platy, crossbedded,
fine-grained, ledge-former . I I R 5
Sandstone, reddish-brown, even-bedded, fine-grained;
locally interbedded lenses of coarse-grained sandstone. . . - 10
Sandstone, dark-gray, crossbedded, fine-grainéd, dense
and very well indurated . . . . . ¢ . . o 0o s o 0. . 1
Séndstone, reddish-brown, massive, cr@ssbedded, fine-
grained; separated into layers about 6 feet thick
by local lenses of pebbles . . « ¢« o« ¢ o « v o s o e 0 o 29
' 102

Wingate sandstone
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The upper and lower contacts are arbitrary. We have inc;udeﬁ
within the Kayenta all those units that show distinet irregular bedding
planes. In many localities throughout the area we have selected a
thin light-gray sandstone at the base of the Kayenta as marking the basal
contact with the underlying Wingate. The upper contact was selected
primarily on the presence or ab?énce of bedding planes, for near its upper
boundary the sandstone beds thicken and the bedding planes become less
distinct. In several places the bedding planes at the top of the for-
mation fade and disappear latera;ly and the sandstone beds grade smoothly
and imperceptibly into the overlying Navajo sandstone. Many of thgse
bedding planes reappear some 200 yafds distant at about the same horizon at
which they disappeared.

The Kayenta is classified tentatively as Jurassic(?). No fossils we#e
colleéted from the formation although previous workers,(Bakei, Déne, and
Reeside, 1936, P- 5) report the presence of diﬁosaur tracks, unnamed
species of'Unio pelecypods, and other fosgils that are unidentified.

In 1953, vertebratg remﬁins were discovered in the upper part of the
Kayenta formation near Kayenta, Ariz., by B. C. Hoy of the U. S. Department
of the Interior, Bureau of Indian Affairs. G,IE. Lewis of the U. S.
Geological Survey quarried the remains and studieg them. His report
(written communication, 1955) reads as followé:

"The preliminary, iﬁcqmplete identification and pertinent
stratigraphic information are:
Class REPTILIA
Subclass SYNAPSIDA
Order ICTIDOSAURIA

Superfamily Tritylodontoidea near Bienotherium Young
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“The newly discovered skullsy represemt the first new-world
discovery of tritylodontoids. They seem to be close morphologically

to Tritylodon of the Stormberg series of South Afriéa, and even

closer to Biqnotherium of the Lufeng series of Yunnan, China. These old=-
world vertebrates oécur in rocks generally placed in Upper Triassic.

"Most modern paleontologic opinion somewhat urﬁitrarily placés the
tritylodontoids in the Réptilia, but they are on the transitional
morphologic boundary between reptiles and mammals."

The conglomerates, irregular bedding, channeling, and geﬁ&r&l coarseness
of the sediments all indicate thaﬁ the Kayenta is a stream deposit.
Conditions of aridity prevailed and the shale lenses were probably depogited
in pools of quiet water. ILikely most of the sediments came from the north

and northeast (Stewart and others-/)o The Monument Valley area seems to

~/ Stewart, J. H., Williams, G. A., Albee, H. F., and Raup, O. B.,
in preparation, Stratigraphy of Triassic and associated formations in part

of the Colorado Plateau regioﬂ, with a section on Sedimentary petrology by

R. A. Cadigan: U. S. Geol. Survey Bull.

be near the southern edge of the Kayenta basin of deposition (Baker, Dane,

and Reeside, 1936, p. 46).
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Jurassic and Jurassic(?) system
Navajo sandstone

The Navajo sandstone, the uppermdst formation of the Glen Canyon
group is a light-buff to pink (10 YR 8/2) massive crossbedded séndétone.
Where it is'protected by a resistant cap rock it forms high cliffs.
Unprotected, the formation weat@ers to rounded steep-sided mammillary
forms. Wherever it is exposed, its color, uniformity of grain size,
and typical crossbedding easily identify it.

In the western part of the area, alcoves of all sizes are at the
base of many of the steep cliffs formed by the Navajo sandstone. Most
of the large cliff dwellings such asBetatakin, Keet Seel (fig. 7),
and Inscription House are in the larger of these alcoves.

Although most of the Navajo coﬁsiéts'of massive and crossbedded
sandstoﬁe, lenticular séndy limestone beds afe scattered irregularly
tﬁroughout the upper part of the formation. These beds are extremely
resistant and are composed of disseminated grains of quartz scattered
through a limestone matrix. In the eastern part of the area these beds
cap mesas.

The Navajo is light buff to pink, although in places it ranges in
color from light gray to brownish tan. Most of the grains range in shape
from subrpund to round, and only a very few are gngular. In grain size,
the sandstoﬁe ranges from very fine grained to fine grained with the
majority of the grains rangiqg from 0.10 mm to 0.26 mm in diameter. The
Navajo is predominantly a quartz sandstone with small amounts of micro-

cline, plagioclase feldspar, chalcedony, magnetite, zircon, tourmaline,
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and garnet. The Navajo is weakly to firmly cemented by calcite, silica,
and iron oxide. 1The cementation, however, is poor in most places and the
Navajo is, in general, an extremely frisble rock. A thin film of

brown iren oxide coats each grain.

The top of the Navajo is exposed in only two places in the mapped
area. Along Comb Ridge near Chaistla Butte, the Navajo is about 524
feet thigk; farther to the edst, also,on Comb Ridgg, north of garnet
Ridge (fig. 2), the Navajo is about 665 feet thick.

ihe contact between the light-buff crossbedded sandstone beds of
the Navajo and the overlying dark-red ev@nébedded siltsﬁone beds of the
Carmel formation is marked by an unconformity of practically no rellef.
Angularity between thelformations, if any, is too slight to measurp
within the limited area of éontact exposed in the Monument Valley area.

No fossils were found in the Navajo san@stone during the course of
the present work. However, a member of the Navajo Mountain-Monument
Valley expedition of 1933, discovered a small “dinosaur about the size of
a turkey" in the Navajo sandstone (Camp and Vﬁnderhoof, 1935, p. 385).
The discovery site was about 1 mile north of the Kéet Seel ruin on fhe
west side of Keet Seel Canyon (fig. 2). The fossil waé the first
vertebrate skeleton to be recorded from the Navajo sandstone. It was
apout 500 feet above the top of the Wingate sanéstoﬁe and lay parallel to
the cfosébedded sandstone in which it was found. The specimen was

studied by Camp (1936) who named it Segisaurus halli, n. gen. and sp.

and deduced that it probably had s "bipedal ostrichlike mode of
locomotion." iCamp (1936) stated, regarding the agé of the form, "It
represents a, siﬁg&e member of an unknown upland fauna and despite its

primitive characters it could Pe placed in either the Triassic or Jurassic."
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The Navajo represents an accumulation of wind-worked and wind-
deposited sand that prgbably came from the west or northwest

(stewart and others—/ ). The local members of dark-gray dense un-

—/ Stewart, J. H., Williams, G. A., Albee, H. F., and Raup, 0. B.,
in preparation, Stratigraphy of Triassic and associated formations in

part of the Colorado Plateau region, with a section on Sedimentary

petrology by R. A. Cadigan: U. S. Geol. Survey Bull.

fossilifemu;s limestone in the upper part of the Navajo represent ephemeral
playa lakes in what must have been a large desert. The Monument Valley

ares is near the eastern margin of a large northeast-trending wedge~shaped .

mass of eolian sand (Baker, Dane, and Reeside, 1936, p. U44) that constitutes

the Navajo sandstone.

Jurassic system

Carmel formation

The Carmel formation, basal menmber of the San Rafael group, is
exposed only in ’Qhe s;_)uthea.stem and hea,s‘t?em parts of the Monument Valley
aréa., Arizona (fig. 2). It is composed of alternating siltstone and
sandstone beds with fissile siltstone beds predominating in the lower half
and crossbedded sandstone beds in the upper half. Generally the siltstone
beds form gentle slopes between the benches and ledées formed by the more

resistant sandstone beds. From a distance the Carmel is dark reddish brown;

(10 R 4/4), but in detail it ranges in color from light gray to orange
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brown to reddish brown. Commonly, the siltstone beds are reddish
brown; the sandstone beds, however, are gray near the:base of the formation
and are gray, orangish gray, and brownish red near the top.

The siltstone beds are remarksbly alike. They are reddish brown,
fissile, and composed of poorly sorted clear colorless polished angular
quartz heavily stained with iron oxide. Magnetite, feldspar, mica, and
a chlorite-like mineral are accessory minerals. The average grain size
is about 0.06 mn, but many of the grains are small as 0.0k mm or. as
large as 0.1] mm.

The sandstone beds are poorly sorted and are composed of clear
colorless quartz with magnetite as an accessory mineral, The grains range
in shgpe from subround fto round, and the larger grains are frosted and
nearly spherical. Most of the grains range in size from 0.10 mm to
0,30 mm.

Both iron oxide and calcite are binding agents. ?he siltstone beds
are held together by iron oxide, and the sandstone beds are cemented by
calcite. Atfew of the grains have authigenic quartz overgrowths, but
quartz apparently is not a major cement.

Ripple marks and small patches of polygonal networks are exposed on
the surface of the sandstone beds. These polygons are as much as 8-inches
across and are bounded by low rounded walls of sandshoné up Po 8 inches
high and 6 ihches thick. The walls may represent mud cracks that were
filled with sand and subsequently cemented. The walls now are more re-

sistent to erosion than the surrounding rock.
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The Carmel is about l}8 feet thick at Garnet Ridge (fig. 2). It
varies a few feet in .thickneé‘s from place to place probably because of
variation in the thickness of the siltstone beds in the upper part of the
formation.

The contact of the Carmel with the overlying Entrada sandstone
member of the San Rafael group is marked in most pla.cves by a color and
grain size change from the dark reddish-brown siltstone of the Carmel to
the brilliant orangish-brown fine-grained sandstone of the Entrada.

No fossils were collected from the Carmel formation in the Monument
Valley area, Arizona, although the formation is fOSsilifemus in other
parts of the Colorado Plateau. Imlay (1948) reports an invertebrate fauna

of Middle and Late Jurassic age from the San Rafael Swell.

The presence of exceptionally large frosted sand grains in the
sandstone beds, the alternating beds of siltstone and sandstone, ’phe
polygonal networks, and current-type crossbedding and ripple marks all
imply that the Carmel was deposited during changing environmental con-
ditions. These conditions probably ranged from periods of marginal
marine innundation to periods of subaerial erosion.

According to Baker, Dane, and Reeside, (1936, p. 54) the San Rafael group
represents two invasions of a marine sea (i.e., the Carmel sea) from the
northwest, separated by a large eolian deposit. Deposits of the first
advance of the sea are represented by the Carmel formation, and the
Monument Valley area, Arizona, probably was at or near the southern margin
of this sea. With the withdrawal of the sea, wind-worked material repre-

sented by the Entrada sandstone was deposited over the area. A readvance .
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of the Carmel sea resulted in deposition of silts and sands that now form
the Summerville formation. During this second advance, the area again was

probably near or at the fluctuating southern margin of the sea.
Entrada sandstone

The Entrada sandstone is part of the San Rafael group. It is an
orangish to reddish-brown massive even to crossbedded fine-grained
sandstone with intercalatgd thick siltstone beds in its upper part.
Commonly the lower third to two-thirds of the formation crops out as a
steep slope below a vertical wall that is formed by the upper part of the
formation. On Garnet Ridge (fig. 2), the lower part is an extensive
knobby tablelagd that encircles the ridge and which breaks away to form
steep slopgs at the edges. The upper part of the formation nearly every-
where weathers to hoodoos for which Baby Rocks Point is named. These
hoodoos develop, however, only where the formation is nearly horizontal and
where the Entrada is protected by a resistant cap.

The lower part of the Entrada is a brillignt orangish-red and reddish-
brown massive tangetially crossbedded very fine grained quartz sandstone
wh@ch is about 30 feet thick on the north side of Garnet Ridge and nearly
tyice t@at thick at the southwest eg@. Crossbedding in this basal unit is
much like that of the Navajo except ;ha#iit is more intricgte gn% is on a
smaller scgle. The saﬁd grains in the lower part of the Entrada.are
polished and well sorted, averagipg about o:;o mm in diameter.l Ihe
orangish-red and reddish-brown color is imparted by iron oxide stain on
the quartz grains, and the iron oxide also is the bulk of the cementing

material. Magnetite is the major accessory mineral.
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The upper part of the Entrﬁda is a dull reddish-brown predominantly
massive even-bedded very fine grained sandstone that is interbedde@
wiﬁh several th;ck siltstone beds. The lithology of ﬁhe whole formation
changes rapidly from plage to place. Consequently, the massive even-
bedded sandstone and siltstone beds of the upper part of the formation
make up fully two-thirds of the thicknass of the Entrada on the north
side of Garnet Ridge, but less than one-third at the southwest end.
-Sorting is poor in the siltstone beds and angular poiished grains of
quartz average about 0.06 mm in size: All grains are staine@ with iron
oxide. TIron oxide is the principal cementing agent although calcite
and §uthigenic silica are important locally. The siltstone beds range

in thickness from one-tenth of an inch to several inches, but they

weather as a unit to form hoodoos.

The upper 20 feet of the Entrada are very fine grained dark reddish-
brown sandstope beds (figr 8). The sandstone is even bedded and weathers
as hoodoos. fhe uppe} part of this unit is contorted into open folds
that are broken by high-angle faults of small throw. These structures
may have developed as a result of disturbances prior to consolidation,
lor_they may represent a col}apse in beds from which soluble matefial was
remoyed soon afte; deposition. It is certain that the disturbance of
these beds was completed prior ;o deposition of the overlying'Summerville
formation, as the undeformed basal sandstone of the Summerville rests on
the truncated edges of the folded upper Entrada beds (fig. 95.

The thickness of the Entrada, as me;sured on Gérnet Ridge, is about

100 feet. The thickness differs only a foot or so from place to place even

though the ratio of siltstone to sandstone becomes smaller from the northeast

to southwest end of the ridge.
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The contact between the Entrada and the overlying Summerville is
sharp. The crests on the folds in the uppermost Entrada sa@dstone beds
have been planed smooth and are overlain diyeetly by about 5 feet of
massive Summerville sandstone.

On the withdrawal of the Carmel sea following deposition of the
Carmel formation (p. ) a surface of low relief was exposed. On this
surface wind-worked material was deposited, most of it deriveg‘pripcipally
from the northwest (Baker, Dane, and Reeside, 1936, p. 46). Some of the
material, however, probably came from the south, as a result of a renewed

uplift of the Navajo highland (Smith, 1951, p. 100).
Summerville formation

The Summerville formation, part of the San Rafael group, is well
exposed at Baby Rocks Point, Red Point, and Garnet Ridge (fig. 2).

Because of lithologic changes, outcrop characteristics at ‘these localities
differ. At Baby Rocks Point and at Red Point the Summerville forms slopes,
except for 5 feet of sandstone gt the base which forms & bench.

Lithologies of the Summerville at Baby Rocksfbiﬁt;and Red Point are
similar. In these localities it consists oﬁ guartz sandstone that is
reddish brown, thin bedded, and fine grained, and which contains in its
upper ﬁart, some sandstone beds that are white and silty. A% Baby Bocks
Point the Summerville is about 35 feet'thick (fig. 8)° A section
measured on the west flank of Baby Rocks Point is considered characteristic

of the Summerville at that locality.
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Section of Summerville formation measured at Baby Rocks Point

about 10 miles southwest of Dinnehotso, Ariz.

Peet
Bluff sandstone
Summerville formation
Siltstone, brown to reddish-brown, even;bedded; weathers
into rounded ledges, although unit as a whole forms
aeliff. o ¢ ¢ o o 4 o o o s e s s 0 6 5 o 0 6 s o o o o 32
Sandstone, white, fine-grained; grades imperceptibly into
siltstone above: . o o o 4 4 ¢ o 4 o 8 e e 6 6 s e 0 os e .1
Total thickness of Summerville 33

Entrada sandstone

Measurements of the thicknegks of the Summerville formation at Garnet
Ridge range from 39 to 47 feet. A section measured on the northwest side

of Garnet Ridge is selected as characteristic.

Section of Summerville formation measured on the northwest side

of Garnet Ridge

Bluff sandstone
Summerville formation
Siltstone, alternating white and moderate-~red or white
and pale-reddish-brown; thoroughly contorted. . . . . . . 36
Sandsione, bright-orangish-brown, very well sorted,
fine-grained, crossbedded; lower 18 inches bleached

vwhite or very pale green; the bleaching locally

extends downward about an inch into the Entrada

sandstone . o o o o s s 0 4 4 . e e e e o0 e e e p)
Total thickness of Summerville L1

Entrada sandstone
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The basal sandstone of the Summerville at Garnet Ridge consists of
quartz grains that are well rounded, ffosted, and. exceﬁtionally well‘
sorted, averaging in diameter 0013 m. Thg grains are cemented by
calcite and by some iron oxide. In most places the sandstone appears
structureless, but differential_weathering locally reveals géntly inclined
crossbedding. The pleached zone in the bottom of the sandstone is a
conspicuous marl;er°

ngrlying the sandstone is thin-bedded pale-red and white siltstone
intricately qontorted and faulted. Bedding is distinguishable by
alternating colors and by minoy variafions in grain size. A few beds
are fine-grained sandstone, but these cannot be traced far owing to the
contorted bedding. The siltstone in the uppermost 12 inches is léss
@eformed and is nearly flat lying at the top of the formation.

The contact of the Summerville formation with the overlying Bluff
sandstone is markeq by & change from contorted red and white s;ltstone
to evenly bedded pale-green and grayish-red siltstone. The change occurs
gradually in a zoneia few ifiches to a foot thick and is encountered from
36 to 42 feet above the bagal sandstone of the Summerville formation. Lack
of definiteness of a contac§ plane suggésts th;t the Bluff sﬁndﬁtone and the
Summervillé formation are conformable.

The uniformity and sorting of sand in the basal sandstone of the
Summervfllé were perhaps caused by eolian or beach processes. The upper
silty beds suggest nearshore marine depositidn. A cause for the
convoluted beds remains elusive, but they were pérhaps deformed by collapse

after removal of chemicagl precipitates.
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The Summerville represents the second southward advance of the
barmel sea into this part of northeastern Arizona. Probably the Monument
Valley area was at or near the fluctuating southern margin of the sea and

was exposed intermittently to subaerial erosion.
Bluff sandstone

The Bluff sandstone is the uppermost unit of the San Rafael group

in the Monument Valley area, Arizona. At Baby Rocks Point, the Bluff
|

stands as a reddish-brown banded vertical cliff below the capping Sal§
Wash sandstone member of the Morrison formation (fig. 9). At Garnet Ridge
the lower half is a slope which becomes steep in the upper half where sand-
stone beds form ledges.

At'Baby Rocks Point. and Red Point, the Bluff is a series Of reddish-
brown‘to chocolate-brown shale and sandstone beds. In general, the shale

beds are even bedded, fissile, and intercalated with siltstone and sand-
stone beds. The sandstone beds are massive, even bedded, and range ffbm
fine }o coarse grained. In these localities the Bluff is about 45 feet
thick. The following section is characteristic of the Bluff at Baby Rocks

Point .
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Section of Bluff sandstone measured at Baby Rocks Point

about 10 miles southwest of Dinnehotso, Ariz.

Feet
Salt Wash member of Morrison formation
Bluff sandstone
Sandstone, light-brown, massive, even-bedded,
fine-grained, friable, weakly cemented; inter-
bedded lenses of coarse-grained sandstone locally. . . . . . . 27
Shale, chocolate-brown; bounded by one-quarter of
an inch thick white siltstone e e e b e e e e e e 1
Sandstone, reddish-brown, massive, even-bedded, -
fine-grained . . ¢ o o o + o o 6 4 4+ s e s 6 e 4 e 0 e e e b
Shale, chocolate-brown; bounded by one~guarter of
an inch thick white sandstone s e s e s s e e e 1

Sandstone, reddish-brown, even-bedded fine-grained . . . . . . . 4
Shale, reddish-brown, even-bedded, fissile;

intercalated white sandstone lenses. . « « « ¢ ¢+ ¢« 2 o o o o o 6
Total thickness of Bluff L5

Summerville formation

At Garnet Ridge the upper half of the Bluff sandstone resembles
the beds exposed at Baby Rocks Point and Red Point, but the lower half
consists of fissile siltstone that is variegated pale green and‘grayish
red. Where the siltstone merges with the upper beds, it becomes sandy

and less green. The following section is representative:
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Section of Bluff sandstone on the northwest side of Garnet Ridgg

Feet

Salt Wash pember of Morrison formation
Bluff sandstone
Sandstone, friable, white to very light gray; grades up-
ward into fissile, dusky-red siltstone; with immediately
underlying unit, weathers as hoodoos at southwest part
Of Garnet RIAZE o « « ¢ o = o o o o o o 0 o o 6 0o o o o o o o 4
Sandstone,silty, friable, light-brown to white, gradational
with bed @bove. . . o « + ¢ ¢ o o« o o « .:. e e s e e . . . 18
Sandstone, moderate-brown, massive to irregularly bedded;

fOI'InS led.gQ e e o o e & &« o o o0 e & 0 o o & e ¢+ o e o o e o o 3

Siltstone, fissile, dusky-red; sandy at the top; gradational

With Ded @boVes « « o o o o o o o o o o o s s o e 0 o . e o o k4
Sandstone, fine-grained, white to very light gray,

irregularly bedded; forms ledge . o o« o o + « o o o+ o ¢ o o o 3
Siltstone, fissile, dusky-red, and sandstone, friable,

light-brown, in alternating beds. . o« o « « « « « « o o o « » 18
Sandstone, fine-grained, friable, white to very light

gray; forms 1edge ¢ o o « o o o o o s o 8 0 4 s 4 4 o o o = 2
Siltstone, fissile; variegated pale-green and grayish-

red; more sandy near the top. « « o « « « « « o o o o o . . 48
Totel thitkness of Bluff ' 99

Summerville formation
Bedding in the lower siltstone of the Bluff gt Garnet Ridge is even

and flat lying at most places, but locally is tilted, folded, and cut by .

high-angle faults. The angles of dip of the deformed beds do not exceed 10°

to bedding, and the deformed zones, 20 to 30 feet above the base, are never
more than 10 feet thick.
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The upper half of the Bluff at Garnet Ridge is marked by three
light-colored sandstone beds which form ledges. Although commonly
massive, these sandstones are locally crossbedded. The grains are
frosted, cemented by calcite, and range in size from 0.06 ﬁo 0.28 mm.
Polygonal networks similar to thpse in sandstone beds in the Carmel
formation (p, 92), but of smaller size, are common. Dusky-red siltstone
between the sandstone beds forms slopes horizontally streaked with light-
colored layers that contain sand. Ripple marks are common.

At the type locality at Bluff, Utah, the Bluff sandstone is essentially
one massive bed of white crossbedded medium- to coarse-grained sandstone
200 to 350 feet thick. In the Monument Valley area, Arizona, however, it
is thinner and finer grained. ,it thins éouthwestward to about 100 feet at
Garnet Ridge and to 45 feet at Baby Rocks Point.

The contact of the Bluff sandstone wifh the Salt Wash member of the
Morrison formation is marked'by an abrupt change to massive, crosshedded
coarse sandstone. An unconformity cannot be demonstrated because of the
limited extent of the outcrop, but Stokes (194k, p. 974) suggests that the
contact is unconformable.

Duplication in the Bluff of many of the sedimentary features of the
Carmel, including ripple marks, crossbedding, apd polygonal networks
resembling mudcracks, suggests that the Bluff was deposited in a nearshore
environment similar to that of the Carmel. Farther northeast, the massive
crossbedded character of the Bluffsuggestsa.more landward environment.

As the Carmel sea withdrew for tﬁe last time, the silts and sands of
the Summerville were exposed as a surface of low relief. (P. 93). On this

surface eolian sands, represented by the Bluff sandstone, were deposited.
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The sand probably was derived from the northwest. This deposit of sand
forms a southeastward-trending wedge of wind-worked material that reaches
its maximum thickness near Bluff, Utah, and is almost pinched out near the

Monument Valley area, Arizona.

Morrison formation

Salt Wash sandstone member

Only the basal part of the Salt Wash sandstone member of the Morrison
formation is preserved in the Monument Valley area, Arizona. On Baby Rocks
Point and Red Point (fig. 2) the basal 30 to 50 feet of the Salt Wash form
a more or less flat-topped cap rock (fig. 8). On Garnet Ridge only 32 feet
of the Salt Wash are preserved.

The Salt Wash remnant on Garnet Ridge is predom;nantly yellowishe
orange (10 YR 7/2) massive crossbedded medium- to coarse-grained sandstone
which contains some pébﬁles, The single exception is a 2-foot lens of
maroon and bluish-gray shale about 2 feet below the crest of the ridge at
the north end of the outcrop. Sorting is good in most sandstone beds, but
some layers contain grains of coarse sand and even pebbles up to an inch in
diameter. Most of the grains average about 0.25 mm and very few are less
than 0.15 mm in diameter. The grains are subround to round and consist
primarily of quartz, and minor amounts of chert.

The Salt Wash is very weakly cemented by authigenic quartz, and
contains minor amounts of calcite, dark mineral grains, and iron oxide.

A little iron stain streaks the coarse-grained layers, both in the flat-

lying and inclined beds.




106

'The principal source for the coarse clastics that form the Salt Wash
member of the Morrison seems to have been a highland in west-central
Arizong (Craig, and others, 1955, p. 150). Streams spread northgaétward
from this highlan@ mass and deposited the Salt Wash sedimgnts on a

surface of low relief,

Quaternary system

Surficial deposits in the Monument Valley area, Arizona, include
dune éand, alluvium, colluvium, talus breccia, and landslide blockd, which
mantle and veneer large areas of bedrock. Scattered across and buried in
these deposits are archeological sites. Open sites are common, and evidence
of the former inhabitants is represente§'by a profusion of potéherdg,
arrovheads, spear points, remnants of one-room dwellings and foundations
of ovens anq cists. Hunt (1955) has made some attempts at dating the
archeological sites in Cane Wash (fig. 2) through a study of the surficial
@eposits. |

Two ages of dune sand are in Cane Valley. These hgye been identified
tentatively as "old dunes" (preoccupation) and "new dunes” (postoccupation).
No attempt was made to separate these in thelfield, however, and they are
showﬁ on figure 2 as dune sand (Qd). The new dunes are postoccupation,
unconsolidated, and subJject to transport by the wind; they have not been
stabilized. The older dunes are preoccupation, stabilized, dark brown in
color and Qontain fossil plant matter, principally as tree stumps of

cottonwood, juniper, and pine (Hunt, 1955, p. 584).
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Throughout the area alluvium, more or less mantled by dune sand,
£ills most of the stream washes. Data are not available as to the
thickness of this alluvial fill, but resistivity investigations in
Oljeto Wash have suggested a combined dune sand and q.lluviaf} thickngss
of between 80 and 100 feet. Thre? ages of alluvial fill exist. The
oldest is a Late Wisconsin alluvium, possibly correlative with the
Jeddito formation of Hack (1942, p. 60). A second alluvium, known as
the Tsegi formation (Hack, 1942, p. 62), rests upon the Jeddito(?) £ill
and c":.ontains most of the artifacts of the ancient prepottery inhabitants
(,'A.. P. Hunt, 1953, p. 21). The third alluvial fill is the most recent and
is referred to as the Naha formation (Hack, 1942, p. 62, 67). It
represents postoccupation alluviation.

A study by Hunt (1955) of the interrelationships between the alluvial
fills, the two ages of dune sand, and the archeological sites in Cane Wash
(i.e;, also known as Cane Valley or Little Capitan Valley) suggests the
following seguence of events: |

(1) Deposition at the close of Pleistocene time of an extensive

| alluvial deposit (the Jeddito fomtion(?) containing
mammoth remains.

(2) A period of great aridity (the Thermal maximum) when the

"0ld dunes" formed.
(3) A moist period when alluvial fill (i.e., the Tsegi formation)
and lake beds developed. The area was inhabited by a

prepottery people at this time.
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(4) A gradual diminution of water supply coupled with several
severe drouths resulted in a gradual exodus of the
inhabitants (the Anasazi people) from the Navajo country.:
The excodus occurred in the period 1275-1300 A.D.

(5) A third alluvial £ill (the Naha formation) was formed in the
period l300a1700 A.D.

(6) Dune sand, postoccupation, began covering the alluvial £ills.

(7) The present arroyo cutting began in the last two decades of

the 19th century.
GEOLOGIC HISTORY

‘ The pertinent details of the geologic history of the Monument

Valley area, Ariz., are summarized in table 1.

Eruptive rocks

General statement

The sedimentary rocks of the Monument Valley area, Arizona, are
disturbed - in many places by materials that have been injected from below.
Dikes, volecanic plugs, an@ other manifestations of eruptive activity are
scattered irregularly through the area. They generally starnd as
topographic highs and their dgrk»grayish-green to bright-green color
contrasts markedly with the buff to reddish brown of the sedimentary

rocks through which they protrude.
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Three types of éruptive structures can be distinguished; these are:
(1) volcanic piugs composed of lamprophyric intrusive breccia; (2)
igneous dikes, also composed of lamprophyric rocks; and (3) rubble pipes
composed of ultrabasic qaterial with a heterogenous mixture of sedimentary
gnd cerystalline inclusions.

The plugs and dikes are more or less widely scattered throughout
the eastern half of the mapped area. Structures of similar form, also
of lamprophyric composition, are common elsewhere on the Navajo Indian
Reservation (Williams, 1936). The rubble pipes, on the other hand, are
rare. In this part of Arizona, they are in a narrow zone along Comb
Ridge that extends from Gérnet Ridge on the south to the San Juan River

on the north (fig. 1). Many structures on the Colorado Plateau that have .

been mapped as diatremes (Willi@ms, 1936) bear a superficial resemblance
tq the rubble pipes but differ from them in chemical composition and
structure. The rubble pipes appear to be chemically and structurﬁlly
similar to the diamond pipes of South Africa and to the kimberlite tuff
plugs described by Balk (1954, p. 381) at Buell Park and vicinity,

northeastern Arizona.
Igneous plugs and dikes

The denuded voleanic plugs are the most spectacular of the eruptive
podies. They are concentrated near the middle of the Monument Valley
area in a rude line that trends somewhat west of north along the crest

of the major structural feature of the region, the Monument upwarp. The

most conspicuous plugs are Church Rock, (just south of the area),
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Chaistla Butte, and Agathla Peak (figs. 2 and 10), the latter a tremendous
monolith which rises over 1,400 feet above the surrounding plain and is
visible for many miles.

All the volcanic plugs are a dark grayish green, all stand as cones
surrounded by a flaring apron of sediméntary rocgs, and all are nearly
circular. Each is a chaotic mass of large, angular to rounded fragments
of. lamprophyric volcanic rock and small amounts of sedimentéry and
crystalline xenoliths incorporated in a younger lamprophyric matrix. In
some places the matrix is sheared, broken, and ground into fine particles.
In other places the matrix is platy, foliate, and wrapped arpund‘the blocks
by fiowage. In still other places it is dense. The included blocks of
lamprophyre range in size from péﬁbies and cobbles to huge boplders
20 to 30 feet on a side. Most of the foreign inclusions are not larger
than cobbles. Pulverized sedimentary rock forms an appreciable part of
the matrix at some places. Calcite hasthorﬁﬁéﬁﬁycemented all of the
material in the plugs, aﬁd it is largely this cement that gives them
stfength to stand as tépographic highs. Williams (1936, p. 130) refers
to the plugs as coarse tuff breceias,but we considef the term intrﬁsive
breccia more descriptive.

Alteration of the foreign inclusions in the breccia is rare. A
few of the fragments of sedimentary rocks have weakly bleached surfaces.
Most of the crystalline inclusions are aci@ic rocks of the granite
family, and most appear unaltered. A few, principally those that
contain much feldspar, have had their exposed surfaces, including
fracture planes, altered to light-pink porous "rinds" of clayey material

as much as one-quarter of an inch thick.
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Much of the material in the;Yolcanic plugs is unsorted. A prominent
exception to this lacklof sorting is in the upper part of Agathla Peak
where there is some sorting, partial alinement of the long axes of the
inclusions, and a rudimgntary layering.

All the voleanic plugs are cut by black dense dikes that trace
irregular courses through the breccia. Most of the dikes are less than
12 feet wide, but several exceed 50 feet. Others pinch and swell as
they branch and anastomose, or thin abruptly, as they pass around large
sedimentary inclusions in the breccia. On Agathla Peak, a few of the
dikes appear to have followed parting plgnes in the breccia blocks.

Mineralogically the matrix and cognate breccia blocks in the plugs,
the dense black dikes in the plugs, and the dikes found elsewhere in
the Monument Valleyarea are nearly alike, and differ mainly in color,
grain size, structure, and texture. In general, the igneous intrusives
are alkaline rocks characterized by a high potash content (Williams, 1936,
p. 148). The plugs and dikes are largely biotite vogesite, but where
biotite is abundant in zones, cavities, and pods, the rock is diopside
minette.

The dikes, other than the late dikes that cut the plugs, are in
elongate swarms that are confined principally to the eastern part of
the area mapped. Ope extensive dike swarm occupies fractures along the
crest of the Gypsﬁm Creek dome (fig. 2) and trends parallel to the long
axis of the dome. On the flank of Comb Ridge, dikes fill fractures that
are radial to the Monument upwarp. Many of the dikes are less than 10

feet in width and less than half a mile long, although one is 1-1/L4 miles
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in length. Some dikes merge to form plugs, such as at the Porras Dikes
(fig. 2), for example, where the plugs stand as towers LOO feet high.
Commonly the dikes form low irregular ridges 2 to 30 feet high that
protrude above the enclosing sedimentary rocks.

All the dikes contain inclusions, almost all of which are crystalline.
iny a few sedimentary inclusions have been found, and these are but a few
inches in long dimension. A few of the inclusions are slightly altered
on exposed surfaces. (p. 110).

Most of the dikes are much more foliate near their walls owing,
primarily, to the parallel arrangement of biotite crystals. The platy
structure is conformable to the contacts.

Other than the pronounced foliation near the contacts, the igneous
intrusions are only slightly affected by the country rock. Poorly developed
chilled zones are found locally, but the mineralogic composition of the
igneous material apparently is not changed. The intruding masses have torn
off and included small pieces of the country rock, many of which have
bleached surfaces. Bleaching along fractures and for an inch or two into
the wall rock also can be seen locally. At the Porras Dikes the wall rock
has been silicified locally and the silicification extends laterally several
inches from the dike contacts. |

The intrusives, except for the late aphanitic dikes that cut the
plugs, are sugary textured, medium purplish or greenish gray to black, and
are spotted with clusters of biotite and diopside phenocrysts. The biotite
phenocrysts occur as thin books and are distinctly of two generations: the
older ones are as much as 4 mm in size and the younger ones range up to
about 2 mm. The largest diopside phenocrysts are zbout 1 by 2 mm. Small

second generation crystals are disseminated throughout the groundmass.
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The groundmass of the rocks forming the plugs and dikes is mostly
laths of subhedral orthoclase feldspar interspersed with small crystals
of second generation biotite and diopside. No plagioclase was identified,
but i@ is possib;e that small qpantities are present: Minerals in the
rocks forming both the intrugive breccias and the dikes are practically
unalterea. 3A‘fgﬁ biotite flakes'show patches or rims of the green color
that is characteristic of chlorite alteration, but the other constituents
of the rocks are fresh.

Listed below are the results of Bosiwal counts that were made on

lamprophyric rocks from four widely separated places in Monument Valley:
i } L |

Rock Rock Rock, Rock
no. 1 no. 2 no. 3 no. 4
Groundmass (principally orthoclase’) 58.1 75.9 T2.6 67.1
Biotite 16.1 13.7 14.8 13.5
Diepside 21.5 8.4 12,6  19.4
Calcite ) 2.3 2.0
Quartz 2.0

Tpe age of tge volcanic @isturbances in Monument Valley is unkngwn.
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