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PROGRESS REPORT ON THE STRATIGRAPHY OF THE TRIASSIC AND ASSOCIATED
FORMATIONS IN PART OF THE COLORADO PLATEAU REGION:

By George A. Williams, Robert A, Cadigan, Howard F..Alkee,
and John H., Stewart 5

ABSTRACT |

Stratigraphic studiés involving regional stratigraphy, sediﬁentary
structures, pebbles, and sedimentary petrology are designed to furnish
infofmation :egarding areal distribution, stratigraphic relationship,
source areas; and depositional enviromnment of the T;iassic Shinarump
conglomerate. Because of regional changes in stratigraphy, it is nec-
essary to study rocks ranging from Permian to Jurassic(?) in age in
-order to obtain this knowledge.

:Field studies have been res£ricted to areas in northern Arizona
and southern Utah, and conclusions made here will be subject to re-
vision as the Triassic and associated formations are‘studied in other
areas,

The four programs of study used are: (1) regional stratigraphic
descriptions and correlation of units, (2) sedimentary structure
stﬁdie39 (3) pebble studies, and (4) sedimentary petrology.

The Permian Cutler formation consists of six members: the Halgaito
tongue, the Cedar Mesa sandstone, the Organ Rock tongue, the DeChelly
sandstone, the White Rim sandstone; and the Hoskinnini tongue. The

Hoskinnini tongue was traced to its pinch out in White Canyon.
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In the western part of the areas studied, the Kaibab limestone
and Coconino sandstone make up the Permian section.

The Triassic Moenkopi formation thins from the west and northwest
to tﬁe south and southeast, In the western parts of the areas studied9:3
 the Sinbad limestone member of the Moenkopi was traced to where it 9
could no longer be recognized. ‘

The Triassic Shinarump -conglomerate lies unconformably on the
Moenkopi formation. The Shinarump is thickest and most continuous
in the Kanab area and in the western part of the Monument Valley area.
To the north and nbrtheast of these areas, the Sﬁiharump is less con-
tinuous and in large areas is present only as sparse lenses., The ore-
producing areas commonly are not in the most continuous Shinarump, nor
where it is absent, but they seem to be localized where the Shinarump
is moderately lenticular.

Distinctive lithologies have been recognized in the Triassic Chinle
farmation which will probaﬁly permit a detailed stratigraphic analysis
of the Chinle., 8ix lithologic units were recognized and their relation-
. ships studied.

Orientation studies of phe cross-stratified units in the Permian,
Triassic, and Jurassic(?) rocks have been made with special emphasis on
the Shinarump conglomerate. Crdss-stratification studies in the Shin-
arump‘indicate that the sediment making up the Shinarump was derived
from several directions with a southeast direction predominating.

Studies of the pebbles of the Shinarump conglomerate were made using
composition, maximum pebBle size, sphericity, and roundness, - These studies

indicate that the pebbles were derived from several directionS.
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F
A preliminary study of the petrology of sandstones in the northerh
Monument Valley area shows that the sandstones of the Permian Cutler
formation, the Triassic Moenkopi and the Jurassic(?) Wingate are pfea
dominately :feldspathic orthoquartzites., ;Ihe Triassic Shinarump conglom-
erate and the Chinle formation are predoﬁinan@ly tecﬁénic arkoses, with

conspicuous amounts of interspersed volcanic tuffs andgash.
INTRODUCTION

Stratigraphic studies of the Triassic and associated formations in
the Colorado Plateau region are planned to obtain information regarding
the areal distributions local and regional differences in lithology,
sources -and character of constituting material and conditions of de-
position of the ore-bearing Shinarump conglomerate and adjacent strata.
*Eae studies are concentrated in the Shinérumpg but because of fegional
changes in the lithology it is necessary to stu&y a Eonsiderable thick-
ness of rocks above and below the Shinarump to ébtain a complete knowl- -
edge of deﬁbsitional and post-depositional events. This report sum-
marizes ipformation accumulated before 1953, and outlines plans for
future work. The stratigraphic studies are being made by the U. S.
Geological Survey on behalf of the Division of Raw Materials of the

Atomic Energy Commission;

Field studies are essentially completed in the Monument Valley,
Kanab, Circle Cliffs, Capitol Reef, White Canyon, and Red House Cliffs
areas in southern Utah and northern Arizona (fig. 1). These areas form ™
only a small part of the total areal extent of the Shinarump conglomerate

and conclusions made in this report will be subject to revision as more

is learned by study of the Shinarump in other areas.
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The Triassic formations are in ascending order, the Moenkopi
formation, the Shinarump conglomerate; .and the Chinle formatiom (table 1).
Associated formations are the underlying Cutler formation; Cocomino
sandstone, and Kaibab ‘limestone of Permian age and the overi,ying Wingate
sandstone <;f Jurassic(?) age.

The four principal programs of study are: (1) regional strati-
graphy--the measurement and description of geologic sections ‘and the
tracing of formation contacts; (2) sedimentary structure stn&ies==—

‘measurement and description of the orientation of cross-stratificatiom,
current lineation, and ripple marks; (3) pebble atudiesé;the study of
size; sphericity, roundtn‘pssg and composition of pebbles found in con-
glomeratic strata; and (4) sedimentary petrology studies of the micro-

scopic texture, strueture, and composition of the sediments.
BEGIONAL STRATIGRAPHY

Part of the Cukler formation was studied in the Monument Valley,
Bed House Cliffs, and White Canyon areas (fig. 1), The Cutler forma-
tion is divided into six members which are from oldest to youngest:
the Haléaito tongue, the Cedar Mesa sandstone member, the Organ Rock
tongue, the DeChelly sandstone member, ihe White Rim sandstone member, |
and the Hoskinnini tongue., The Halgaito tongue was nrot studied. The
Cedar Mesa sandstone mgplbai changes from sandstone and abundant inter-
stratified red siltstone in the east‘ern part of the Monument Valley
area to massiyfs cross-stratified .yellowish-gray sandstone in the western

part of the Monument Valley, the Red House Cliffs and White Canyon areas.
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Table |. GENERALIZED SECTION OF PERMIAN, TRIASSIC, AND JURASSIC (?) ROCKS IN PART OF THE COLORADO PLATEAU

|
| SysTes FORMATION THICKNESS CHMARACTER: AND DISTRIBUTION
(FEET)
—_—— — — R T T T ) (N O (Nt L O ST SN Ly e L RN RS LR L e e e s
NAavaJo 0.13% SANDSTONE, WHITE TO PALE YELLOWISH ORANGE —V, FINE- TO MEDIUM-GRAINED, LARGE SCALE CROSS-
g SANDSTONE LAMINATED. THICKENS WESTWARD FROM FEATHEREDGE IN NORTHEASTERNMOST ARI ZONA.
| ®
‘ Jurassic (1) 2 KAYENTA 0- 300 SANDSTONE, YELLOWISH ORANGE AND PALE GRAY!SM RED, FINE- TO MEDIUM-GRAINED, THIN TO THICK
i > FORMAT}ON MORI ZONTALLY BEDDED AND MEDIUM SCALE, LOW-ANGLE CROSS-LAMINATED. CONTAINS MINOR REDDISM °
[ 3 BROWN SILTSTONE. THICKENS WESTWARD FROM FEATHEREDGE IN NORTHEASTERNMOST ARI ZONA.
!
|
! - WINGATE 25%50- 350 SANDSTONE, VERY PALE ORANGE TO MODERATE REDDISH ORANGE, VERY. FINE~ TO FINE-GRAINED, LARGE
i ) SANDSTONE SCALE CROSS-LAMINATED, CLIFF-FORMING, WIDESPREAD.
]
|———— == HLOCM DNCONEOMMIIY —1 ==l —p, e e L e e o e e e T R T e
CHINLE 10- 1200 CLAYSTONE AND SILTSTONE, PALE RED, GRAYISH PURPLE, GREENISH GRAY, VARIEGATED, SANDY.. CONTAINS
! FORMATION MINOR RIPPLE-LAMINATED OR SMALL TO MEDIUM SCALE, CROSS-LAMINATED SANDSTONES AND MINOR THIN TO
THICK INTERSTRATIFIED BEDS OF DENSE LIMESTONE. THINS NORTHWARD.
SHINARUMP 0-3% SANDSTONE, GRAYISH ORANGE TO PALE YELLOWISH ORANGE, MEDIUM. TO COARSE-GRAINED, SMALL TO MEDIUM
CONGLOM- SCALE CROSS-LAMINATED; COMMON THIN TO VERY THICK BEDS OF CONGLOMERATIC SANDSTONE TO CONGLOM-
TrRiasSSIC ERATE ERATE; LOCALLY HIGHLY VARIABLE IN THMICKNESS; LOCALLY ABSENT.
| e TN CONEBRITY ] e e, e, st AL py m e o e p e e e e b R R
i
MOENKOP | 50- 1000 SILYTSTONE, PALE REDDISM BROWN, HOR)I ZONTALLY AND RIPPLE-LAMINATED; MINOR VERY FINE-GRAINED,
FORMATION CROSS-LAMINATED SANDSTONES, FORMATION THICKENS WESTWARD AND NORTHWESTWARD., SINBAD LIME-
! STONE MEMBER PRESENT ONLY IN WESTERN PART OF SOUTHEASTERN UTAH; 07200 FEET ABOVE BASE OF
! MOENKOPY FORMATION; RANGES IN THICKNESS FROM A FEATHEREDGE YO 150 FEET; COMPOSED OF PALE
|  YELLOWISH BROWN, DENSE LIMESTONE AMD MINOR PALE OLIVE SILTSTONE.
i
~————--Locuu«courounv-»-—————1—_——.__..___.._.—-—-—-—-————-—————-—-—-——4
NORTHEASTERN ARI ZONA AND CENTRAL, EAST-CENTRAL, AND SOUTHEASTERN UTAH SOUTH. CENTRAL UTAM
FoRMA- MEMBER THICK - CHARACTER AND DISTRIBUTION FORMA-. THICK- CHARACTER AND DISTRIBUTION
TION NESS TION NESS 4
(FEET) (FEET)
HOSKIN- 0-120 SILTSTONE TO FINE-GRAINED SANDSTONE, PALE
NINY REDOI SN BROWN, COMMON MEDIUM TO COARSE,
TONGUE WELL-ROUNDED GRAINS, THIN TO VERY. THicx
HORI ZONTALLY. BEDDED. ' NOT PRESENT IN
; SOUTH.CENTRAL, CENTRAL, OR EAST-CENTRAL
‘ UTAH,
‘ l—— LOCAL UNCONFORMITY —— —— - —— . —
| WHITE 0-230 SANDSTONE, VERY LIGHT GRAY TO YELLOW!SH KA1 BAB 150 DOLOMITIC LIMESTONE, LIGNHT
‘ Rim GRAY, FINE- TO MEDIUM-GRAINED, MEDIUM TO LIME- GREENISH GRAY AND YELLOWISH
SAND- LARGE SCALE CROSS-LAMIMNATED, PRESENT ONLY STONE GRAY, DENSE, COMMONLY. FINE-
STONE IN EAST-CENTRAL UTAH. GRAINED SANDY, CHERTY, WIDE-
SPREAD.
E 4
o DECHELLY 0-825 { SANDSTONE, MODERATE. REDDISH ORANGE, VERY Coconino | 800 SANDSTONE, YELLOWISH GRAY, FINE-
= SAND- . FINE- TO MEDIUM.GRAIRED, MEDIUM TO LARGE SAND- GRAINED, MEDIUM TO LARGE SCALE
z STONE SCALE CROSS-LAMINATED, CLIFF-FORMING. STONE CROSS-LAMINATED. CONTAINS
! ) THINS TO THE NORTHWEST AND PINCHES OUT MINOR LIMY SANDSTONE AND DOLO-
| PERMI AN - NEAR THE ARIZONA-UTAH BOUNDARY. MITIC LIMESTONE BEDS. FORMA-
i & TION 1S CLIFF-FORMING.
| g
‘ 3 ORGAN 250-800 | SILTSTONE, PALE REDDISH BROWN, HOR)ZOWTALLY
Rocx LAMINATED TO VERY THICK BEDDED.: CONTAINS
| TONGUE MIMOR VERY FINE- TO FINE-GRAINED, CROSS-
| LAMINATED SANDSTONES. THINS TO NORTHWEST.
CEDAR 0-125% SANDSTONE, YELLOWISH GRAY, FINE- TO MEDIUM-
MESA GRAINED, MEDIUM TO LARGE SCALE CROSS-
SAND- LAMINATED, CLIFF-FORMING. THICKENS TO
STONE NORTHWEST FROM INFERRED FEATHEREDGE IN
NORTHEASTERN ARI ZONA,
HALGAI TO 0-470 SILTSTONE TO VERY FINE.GRAINED SANDSTONE,
| TONGUE PALE REDDISH BROWN, HORIZONTALLY BEDDED, !
2/ CONTAINS MiNAR LIMESTONES. PRESENT ONLY | i
‘ IN NORTHEASTERN ARIZOMA AND SOUTHEASTERN ! |
| UTaH. i
i b
2/ § 300- 470 SILTSTONE TO MEDIUM-GRAINED SANDSTONE, PALE ’ g
8% REDDISH BROWN, WORIZONTALLY BEDDED.. Com- z ;
-i TAINS MINOR GREENISH GRAY, THIN TO THICK
e HORIZONTAL BEDS OF LIMESTONE. FORMATION 7
- IS WiDESPREAD. '
| | i J
1/ CoLORS ACCORDING TO ROCK COLOR CMART, NATIONAL RESEARCH CoumcCiL, 1948.
2/ BAKER, A. A.. 1936, GEOLOGY OF THE MONUMENT VALLEY-NAVAJO MOUNTAIN REGION, SAN JUAN COUNTY, UTAM: U.:S. GeoL. SURVEY, BuLL. 865.

GreGORY, H. E.,

PROF. PAPER 188.

1938, THE SAN JUAN COUNTRY, A GEOGRAPHIC AND GEOLOGIC RECONNAISSANCE OF SOUTHEASTERN UTANW:

U. S. GEOL. SURVEY
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The Organ Rock tongue is a widespread unit of reddish-brown siltstonme
that thins northward from 450 feet in Monument Valley to a measured min-
imum of 300 feet in the White Canyon area. The middle part of the Organ
Rogk in the western part of the White ﬁagycn area contains a prominent
cross-stratified sandstone unit. This sandstone grades into siltstones
of the Organ Rock in the Central part of the White Canyon area. The
DeChelly sandstone, which overlies the#OTgan'ﬁOCkvin the Monument Valley
a rea; thins to the north in the Monument Valley area and pinches out
near the San Juan River. The White Rim sandstone, which overlies the
Organ Rock tongue north of the White Canyon area grades laterally into
siltstone of the Organ Rock tongue in the western part of the White
Canyon area. The White Rim sandstone, the mid-Organ Rock sandstone unit
or both may connect with DeChelly sandstone. This correlation caﬁ not
be made p031t1vely for the two units are absent along the only continuous
lipe of Permian rock exposures between Monument Valley and White Canyon,
Either or both of these sandstones may connect and be a continuous sand-
Ston§ unit with the DeChelly beneath areas where these rocks are deeply
buried. The Hoskinnini tongue, preéious to this study, had not been ex-
tended north of the pinch-out of the DeChelly sandstone near ghe San
Juan River because it was thought that the Hoskinnini could not be
differentiated from the Organ Rock where the DeChelly sandstone was not
present (Baker9 1936), However, in the Red House Cliffs area (Mullens
and Hubbard, 1952)9 the Hoskinnini has been recognized by its distinctive
lithology of siltstone or very fine-grained sandstone containing abundant

well-rounded; medium grains and by its distinctive smooth surféce weath-
ering. The Hoskinnini was traced north from the Red House Cliffs area
to a pinch-out in the middle of the White Canyon area.
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The Cutler formation was deposited in at least two depositional
environments--eolian and mariné or marginal mar_ineo The light-=colored
sandstone members--the Cedar Mesa sandstone, DeChelly sandstone, and
White Rim sandstone--are interpreted as eolian, whereas the reddish
siltstone and sandstone members, such as the Organ Rock tongue, are
" interpreted as marine or marginal marine.

In the.Cirdle Cliffs and Capitol Reef areas the Permian Coconino
sandstone and Kaibab limestone are the lowest formations exposed and
are presumably equivalent to the upper part or all of the Cutler fora'
mation. The Coconino sandstone is a fine- to medium-grained crosé=
stratified sandstone which is interpreted as eolian. The €oconino
grades upward intoc the sandy dolomitic limestone bf the Kaibab for-
mation which was probably deposited in a margirfal marine or near shore

environment .
‘Triassic rocks

The Mpehkopi formation, the lowest Triassic formation in the areés
studied, is‘dominantly reddish-brown siltstone to sandy siltstone. It
thins to the east from 1,600 feet (Gregory, 1950) in.-the Kanab area and
about 900 feet in the Capitol Reef area to aﬁout_250 feet in the wes@ern
‘part of the Monument Valley, Red House Cliffs, White Canyon, and Circle
Cliffs areas, and to about 100 feet in the eastern par£.of the.Moﬁnment

Valley area.,
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The Moenkopi formation contains a limestone unit in the Capitol
Reef area that has been tentatively identified by J. F. Smith and
others (1952) as the Sinbad limestone member of the Moenkopi formation.,
In the central part of the Capitol Rééf area the Sinbad limestone is
about 150 feet thick and is underlain by about 100 feet of silﬂstone
that forms the basal unit of the Moenkopi. Southward from thg Capitol
Reef are, the Sinbad limestone and underlying siltstone unit is thinner.
In the northern part of the Circle Cliffs area, where the Sinbad has 7
not been previously reported; the limestone gs about 50 feet thick and
the underlying siltstone unit is only a few feet thick., In the dentral
part of the Circle Cliffs area the siltstone unit pinches out and the
Sinbad limestone lies directly on‘the Kaibab limestone, but in the south-
ern part of the Circle Cliffs area the Sinbad limestone has not been re-
cognized,

The Moenkopi formation was deposited dominantly in a marginal marine
or tidal flat environment in which current and wave action was active
enough to produce abundant ripple marks. The Sinbad limestone member
was deposited in a marine environment that encroached on a marginal
marine environment from the west,

The Shinarump conglomerate of this report includes only the sand-
stone; conglomeratic sandstone, conglomerate, and gray-green lenses of
claystone and siltstone that directly overlie the Moenkopi formation,
The sandstone is grayish to pale yellowish orange, cross-stratified on
a small to medium scale, and composed dominantly of medium- to coarse-

grained subrounded clear quartz; the conglomerate is cross-stratified.
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on a small to medium scale, and is composed dominantly of vitreous quartz,
quartzite, and chert pebbles, The conglomerate beds in some places are
as much as 4O feet thick but in other places form only thin stringers

on planes of bedding and cross stratification. In the Red House Cliffs
area where the Shinarump is absent, pebbles are present in the basal few
inches of the Chinle shales, Lenses of gray-green claystone and silt-
stone in the Shinarump are present in all areas and locally they comprise
a large percentage of thé Shinarump,

The Shinarump ranges from a continuous unit 150 to 350 feet thick
\in the Kanab and western part of Monument Valley areas to a discontinuous
unit a few inches to 50 feet thick in the White Canyon, Bed House Cliffs,
and the eastern part of the Monument Valley areas. In many parts of
Circle Cliffs, Capitol Reef, White Canyon, and Red House Cliffs areas
the Shinarump is absent and the Chinle formation resﬁs directly on the
Moenkopi. .

The discontinuity of the Shinarump is due mainly to a depositional
wedging out of the individual lenses but in a few places is due to
erosion prior to the deposition of the Chinle. In places in Capitol
Reef, channels filled with claystones of tﬁe Chinle cut éown through
the Shinarump, with no’intertonguing evidentg into the top of the
Hoenképi formation. In the Circle Cliffs; however, as well as in most
of the areas,ilenses of Shinarumﬁ conglomerate intertongué with Chinle

shales.
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Channels filled with Shinarump conglomerate are common along the
erosional unconformity between the Shinarump and Moenkopi formations.
.The channels range from a few feet deep and a few feet wide to about
75 feet deep and 2,300 feet wide (Witkind and others, 1953) in the
western part of the Monument Valley area. Channels are common in the
Monument Valley, Circle Cliffs and Capitol Reef areas. In the White
Canyon and Red House Cliffs areas channels are rare, and whefe
present;, they are small, both in depth and width. In the Kanab area
channels that cut into the underlying Moenkopi are rare;, but channels
within the Shinarump arecommon.

The presence of channels, trough cross-stratification, and carbon-
aceous debris indicates that the Shinarump was deposited in a fluviatile
environment

The Chinle formation comsists of variegated claystone and siltstone
interbedded with minor sandstone beds. The formation thins northward
from Monument Valley; the thickness averages 950 feet in the Monument
- Valley area, 800 feet in the Red House Cliffs area, 650 feet in the
White Canyon and Circle Cliffs areas, and 500 feet in the Capitol Reef
area. The Chinle is 1,400 feet thick in the Kanab area, but the signi-

ficance of this large thickness has not yet been evaluated.

In the Navajo Indian Reservation, the Chinle formation was separated
into four divisions by Gregory (1917, p. 42). These divisions in ascend-
ing order are "D®, #Cv, "B"  and #A%, Although the lithology and thick-
ness of these members (McKee, 1951, p. 89) differ from.place to place

away from areas where they are best developed, they have been tentatively
.torrelated throughouyt no;ﬁhern Arizona and southern Utah, Correlation of

these units has not been established«in the Kanab area.
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The "D" member in the Monument Valley area is predominately a
reddish-brown sf%&y claystone and interstratified miceacous and
ripplé?igm{ﬁéﬁéd "s;:-mdstoneo Throughout the area studied the "D"
member is about 200 feet thick. Northward in the White Canyon,

Circle Cliffs, and‘%éﬁiﬁblgﬁeef areas, this member is a distinctive

and persistent unit predominately of greenish-gray claystone and inter-
stratified sandstone similar to the sandstone of the "D" member in
Monument Valley. Throughout'northern Arizona and southern Utah the
igterstratified sandstones in the "D"™ member commonly have strikes

and dips anomalous to the regional strike and dip. Field evidence
suggests that the unusual attitudes of these beds is due to pene-
contemporaneous deforma tion.

The "C" member is a variegated claystone unit about 450 feet thick
in the Monument Valley area. This member intertongues with the over-
lying "B¥ member in the Red House Cliffs area. In the White Canyon
arealand northward, @ntertonguing of the *C" and "B" members has pro-
gressed to the point where the "C"™ member is replaced by the "BY
member,

A reddish-orapge claystone and siltstone unit about 150 feet thick
which commonly contains a high proportion of sandstone is found in the
Circle Cliffs and Capitol Reef are;$ and probably in the western part
of the White Canyon area. This unit is probably equivalent. to a part
of the "C" member. The prominent mid-Chinle sapdstone of the Capi;ol
Reef and Circle Cliffs areas lies at the top of the reddish orange clay-
stone and siltstone unit, whereas the prominent sandstone unit of the

White Canyon area, easily mistaken for the Shinarump, lies at the base
of, or immediately below the probably extension of this unit.
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These two sandstone units are not believed to correlate because of
their probable different stratigraphic positions.

The "B® member is composed of pale-red siltstone and commoniy
interstratified gray or pale-red, thin to thick 1in§§tone beds, It
thins fromABOQ feet in the Monument Vélleyhgrea to about 200 feet in
the ﬁﬁite Canyon and Circle Cliffs areas, and is about 150 feet thick
"in the Capitol Beef area.

The "A" member is composed of reddish siltstone and sandstoneogllt
ranges in thickness from LO to 200 feet and averages about 150 feet thick.
In the Red House Cliffs and White Canyon areas the lower part of the "A"
member is a reddish siltstone that intertongues-.and is replaced by the
#B" member to the west in Circle Cliffs and Capitol Reef areas. Theiupper
part of the "A“Emember in the Red House Cliffs and White Canyon areas and
in the eastern part of the Circle Cliffs area is predominantly a reddish
sandstone commonly containing granules to boulders of siltstone.

The Chinle formation is interpreted to have been deposited in a
fluviatile and lacustrine environment. The "D" and "C" members are prob-
ably primarily fluviatile deposits composed in large part of volcanic ash.
"The "B¥ and "A" members are mainly deposited in a lacustrine environment
and probably contain considerably less volcanic material than the "D" and
"C" members. The upper part of the "A" member is predominately a

fluviatile deposit.
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Jurassic(?) rocks

The Wingate sandstone and the "A" member of the Chinle formation are
lithologically similar, but have a recognizable contact between them in
the areas studied. Generally the contact can be located by the distinctive
well-rounded coarse grains in the lower few feet of the gineagrained Win-
gate sandstone. Locally a slight angular and erosional ﬁnconformity is

present along this contact in the Circle Cliffs and Capitol Reef areas.
SEDIMENTARY STRUCTUIRES

Studies of the orientation of sediﬁentary structures in the Shinarump
conglomerate and associated formations began in 1951 and continued during
the 1952 field season. The methods used, with minongmodificationsﬁ are
the same as those developed in the Morrison study (Craig, and others,
1952), Descriptive terms are those recommended by McKee and Weir (1952).

The amount and direction of dip is measured on the cross-strata in
‘the unit being studied. The number of dip measurements that are necessary
for adequate sampling depends on the diversity in direction of dips of
the cross-stratification. The result of‘many field tests show that 150
dipfﬁeaéurements are adequate in units that have channels that cut into
underlying units and contain trough-type cross-strata such as the Shin- *
.arump conglomerate, In units which contain large-scale trough-type cross-
strata, such as the Navajo sandstone, 50 measurements are sufficient. Only

one measurement is made in a single set of cross-strata.
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A basic assumption in the study of the orientation of cross-stratifi-
cation is that one component of dip direction of the cross-strata is in
the down-current direction. If each dip direction reading is considered
a vector, a resultant of the readings taken in each study can be obtained
by mathematical or graphical methods, This resultant is the average down-
current direction from which a transportation direction and a source di-

rection can be inferred,
Permian rocks

The Cedar Mesa sandstone member of the Cutler formation was studied
in the Monument Valley, Red House Cliffs, and White Canyon area#o The
studies indicate a direction of transport of the material from the north-
west. The cross-strata are generally large-scale (greater than 20 feet)
and become tangential to the lower bounding surface of the set. Present
practice is to identify such structures as eolian.

Orientation studies in the DeChelly sandstone member of the Cutler
formation in Monument Valley indicate that the material was transported
from the northwest, The DeChelly sandstone is composed of large-scale
trough cross-strata and is interpreted as eolian.

The sandstone unit in the middle part of the Organ Rock tongue in
the western part of the White Caﬁyon and the White Rim sandstone member
of the Cutler formation contain large-scale trough cross-strata and are
interpreted as eolian. Orientation studies in both ‘units indicate that

the material was transported from the northwest,
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Two studies were made in the Coconino sandstone--one in the Circle
Cliffs area, and one in the Capiﬁbi Reef area. The direction Of-trans=
* port. indicated by these studies was from the northwest. The sandstone -
contains large-scale trough cross-strata and is interpreéted as eolian,

The similarity in direction of transport of the material and the
type of cross-stratification in the sandstone members of the Cutler and
the Coconino sandstone suggest that these units are related and prébably

derived the material from the same source,
Triassic rocks

The Moenkopi formation contains several cross-stratified sandy
siltstone units that permit orientation studies. The cross-stratifi-
cation is small-scale (less than 1 foot) to medium-scale (more £han
1 foot to less than 20 feet) and is of a trough-type closely resembling
the festoon-type described by Knight (1929, p. 56-74). Based on three
orientatiog studies the transportation direcfion of these sediments was
predominantly from the east.

The orientation of sedimentary structures was concentrated in the
Shinarump congleomerate with 22 orientation studies completed in the
areas examined (fig. 1).

Orientation studies/of the Shinarump conglomerate indicate.that
the direction of transport of sediments was from the south and south-
east in all areas studied except the Circle Cliffs and Capitol Reef

areas, Utah. In these areas orientation studies indicate a source to

the southwest in addition to a southeast source. The differences in
direction found in the orientation studies support the concept of mul-

tiple sources for the Shinarump.,
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Sﬁructuf¢”§tudies of the prd@inenfvsaﬁdstone in the White Canyon
area show the direction of transport of the sediment from the east and
southeast. These directions are more westerly than the direction of
transport found for the Shinarump conglomerate,

Structure studies in the prominent sandstone of the Chinle forma-
tion in the Capitol Reef and fhe Circle Cliffs areas show the direction
of transport of the sediment to have been from the southwest.

The "A" member of the Chinle formation eontains medium-scale
trough cross-stratification., Orientation studies ih:this "A" member
in the Red Hoﬁse Ciiffs and White Canyon areas indicate the transport

of material to have been from the southwest.
Jurassic(?) rocks

.The Wingate sandstone commonly forms a vertical cliff, making
sedimentary stfucture studies difficult, but where exposures permit,
orientation studies indicate the sediment was transported from the
northwest,

| Structure orientation studies were made in the Kayenta and Navajo
formations whenever time permitted, Studies in the Kéyenta formation
show that sediment was transported predominately from the north and
northeast but sufficient differences in these directions occur to
indicate a variation in current directions which is not thdroughly
understood, Studies in the Navajo are consistent in showing that

the sediment was trénsported from the northwest.
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The eolian sandstones which occur in the Permian and Jurassic(?)
rocks have a consistent transportation direction from the northwest,

suggesting the same general source areas and conditions of deposition.
PEBBLE STUDIES

The purpose of the pebble studies is to determine the regional
differences in compoéitiong size, sphericity, and roundness of the
pebbles found in the Shinarump conglomerate. Pebbles in the Shinarump
are studied in each area visited, but in some areas pebbles are scarce
and a uniform areal distribution of the pebble studies cannot be made.

The pebble studies at each sample locality are based on two col-
lections of 50 pebbles each. One collection is sieved into several
sizé groups which conform with the Wentworth size classification
(Wentworth, 1922, p. 377-392), and each size group is studied for
composition. The second collection of 50 pebbles is retained for
laborator& determinations of sphericity and roundness. Considerable
;ime is spent‘é; each sample locality searching for the largest pebble,
forifossiliferous pebbles; and for rare lithologic types.

The pebbles of the .-Shinarump are mainly well-rounded fragments of
vitreous quartz, quartzite, and chert, but some silicified limestone
’ and igneous pebbles occur., Chert and quartzite pebbles are dominant;

. in the Kanab area, Eastward from the Kanab area there is a marked,
ihough not progressive, decrease in the relative abundance of chert

and quartzite pebbles, and in the Red House Cliffs area vitreous quartz

pebbles are dominAnt. These vitreous quartz pebbles are mostly of a
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pink variety and appear to have had a different source than the colorless
and milky varieties found in areas west of the Colorado River., Silicified
limestone pebbles were found only in the Circle Cliffs and Capiﬁol Reef
areas and igneous pebbles were found only in the Capitol Reef area, The
relative abundance of different pebble types in the areas studied is

Ao ABe T,

The we;t to east change in pebble composition coincides with a general,
though not progressive, west to east increase in sphericity and roundness.
‘Also, the maximum pebble diameter decreases from 4 1/2 inches in the Kanab
area to about 1 1/2 inches in the Capitol Reef area (fig, 1), Eastward
from Capitol Reef the maximum pebble diameter increases to 5 inches in the
Red House Cliffs area.

Although the field and laboratory Qata are incomplete, some paleo-
geologic interpretations seem justified, The direction of change in
size and spheri@ity and the introduction of different lithologies suggests
a multiple source for the Shinarump: (1) a source from the south or west
of the Kanag area, (2) a source from the southeast of the areas studied
east of the Colorado River, and (3) a suggestion of a possible contribution
from somewhere north and .west of the Capitol Reef area.

SEDIMENTARY PETROLOGY

The investigation of Triassic and related sediments on the Colorado
Plateau was undertaken by the sedimentary petrology laboratory on a part-
time basis during the field éeason of 1951, Systematic study and a
regional sampling program wére begun in the 1952 field season. Laboratory
work includes grain-size analyses; heavy mineral separations, preparing

samples for thin-sectioning, and otherwise processing for study the samples

that were collected,
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Table 2.-—=Average percentage composition of pebbles in the Shinarump conglomerate
of southern Utah without regard to size
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A brief study of the general character:of Triassic and relatéd
sandstones has been completed., The study consisted of a qualitative
inspection of selected thin-sections of Shinarump conglomerate from
five different areas, and an inspection of a suite of representative
thin-sections of Permian, Triassic, and Jurassic(?) sandstones Efdhu
the northern parﬁ of the Monument Valley area.

The recognition of the f%bk ﬁypes into which the sandstones have
been classified isbased on a visual estimate of the camposition in
general and on the amount of sodium éoﬁéltinitrite=staiﬁed=orthoclase
and microcline feldspars plus derived kaolinite present in the thin &
sections. The sandstones are highly quartzitic with varying amountsh
of potash feldspar, plagioclase feldspar, chert, énd clay minera;so
The cementing materials are chiefly calcium carbonate or secondary
silica deposited in the form of optically continuous quartz over-
growths, Where feldspars are estimated to make up less than 10 per-
cent of the detrital minerals, the sandstone is classified as an
orthoquartzite; 10 percent to 25 percent feldspar defines a feld-
spathic orthoquartzite; 25 percent or more feldspar defines an arkose,
The term feldspar as used in this system of classification includes
the derived clay-mineral, kaclinite,

Three general tyﬁes of arkoses may be defined on the basis of
texture and structure; these specific types are believed to occur under
restricted conditions., Classified genetically these types are (1)

residual arkose, or "granite wash™ material which resembles weathered

granite; (2) tectonic arkose which requires tectonic uplift of a

granitic source area, extreme dissection, and torrential streams; and
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(3) derived arkose which results from the reworking of a residual or

tectonic arkose with a loss through winnowing of most of the kaolinite
and the preservation of most of the feldspar, The terminology of rock

classification used here with the exception of derived arkose is that

presented by Pettijohn (1949).

Permian rocks

/
The sandstones of the Cutler formation are generally feldspathic

orthoquartzites but there is some difference in composition between
members., The Cédar Mesa sandstone and the DeChelly sandstone .members
are feldspathic orthoquartzites; the Organ Rock tongue is a feldspathic
orthoquartzite characterized by poor sorting and angular grains. The
Hoskinnini tongue is an arkose characterized by a co;spicuous coarse

~

fraction of well-rounded grains of quartz'and potash feldspar,

Triassic rocks

~

“ Sandstones of the Moenkopi formation are‘feldspathic orthoguartzites.
The sandstones of the Shinarump conglomerate were found to vary in
composition,! texture, and structure from conglomerate arkoses of the
type which are geﬁetically classified by Pettijohn (1940) as tectonic
arkoses, through coarse-grained feldspathic orthoquartzites to fine-
grained feldspathic orthoquartzites. A substantial amount of altergd
rhyolitic tuff is present in most localitites., The amount of volcanic

material may differ greatly between successive strata at the same location.
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One or more of the source areas of the Shinarump is iﬁterpreted
from the petrography of the sandstones to be dominantly a granitic
terrain with some sedimentary cover undergoing extreme tecionic uplift
with accompanying volcanic activity consisting of rhyolitic flows and
ash falls, The parts of the Shinarump conglomerate which may be classi-
fied as arkoseare}?obabkygdifectly derived from alluvial fans or pos-
sibly result from éﬁe overflow of nearby sedimentary basins. The better
sorted and less feldspathic sandstones may be the result of reworking
of the alluvial fan or basin material.

Petrographic workyohgﬁhe Shinarump has not progressed to the point
where systematic regional differences in microscopic texture, structure,
and mineral composition may be recognized. |

The Chinle formation tends to be arkosic. The "D' member sandstones,
which immediately overlie the Shinarump, are orthoquartzites with a tight
mosiac arrangement of the grains; they contain much green chloritic clay
in interlamellar seams, colorless mica, non-opaque heavy minerals, and
altered volcanic ash. The basal sandstone of the Chinle "D" member often
has been combined for mapping purposes with the Shinarump conglomerate,
If the contrast between the two sandstones observed in the preiiminary
study is found to exist over the region{as a whbleﬁ the two sandstones
should be properly considered as separate lithologic units in future
paleogeological interpretations. The "B"™ member sandstones are arkosic
with layers of granule-size pellets of cryptocrystalline calcite which
contain, as inclusions, clouds of angular microlites of~quartz and
feldspar possibly of wvolcanic origin., The "A"™ member sandstones are

well sorted arkoses,
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Jurassic(?) rocks

The Wingate sandstone is a feldspathic orthoquartzite which contains
less-angular grains and is better sorted than the underlying Chinle sand-

stones,
INTERPRETATIONS AND RESULTS

The Cutler formation is a sequence of sediments which is beliéved :
to have been deposited in a complex of marginal marine and eolian
environments. The sequence represents an intertonguing of sediments
derived from two sources. The relatively high content of feldspar and
the stratigraphic relationships of the Organ Roeck and Hoskinnini tongues
indicate that they probably received contributions from an actively
rising landmass to the east, possibly the Uncompahgre and San Luis
highlands, and that they were deposited in shallow water.

The Cedar Mesa, DeChelly, and White Rim sandstone members are inter-
preted as eolian sandstones. Orientation studies on the cross-stratifi-
cation in these members indicate that the material was transported from
the northwest.,

The Hoskinnini tongue of the Cutler formation has been extended
from the Red House Cliffs area into the White Canyon area where it
pinches out, In these areas the Hoskinnini is an easily recognizable
and mappable unit,

The Moenkopi formation is believed to be dominantly a tidal flat
and shallow water marine deposit which derived material from the east,

possibly from the granitic terrain of the Uncompahgre highland. Sand-
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stone ledges that contain channels and trough cross-stratification are
believed to represent an encroachment of stream deposits onto the tidal
flat,

Field evidence indicates>that the Sinbad limestone member of the
Moenkopi formation in the Capitol Reef area extends into the Circle Cliffs
area where it pinches out. The Sinbad limestone member is a marine lime-
stone that represents an advance of a marine environment into a marginal
marine environment,

The Shinarump conglomerate lies unconformabiy on éhe Moenkopi
formation. The formation is thickest énd most continuous in the Kanab
area (fig. 1) and in the western part of the Monument Valley area,

To the north and northeast of these areas the Shinarump is less contin-
uous and over large areas is present only as thin and scattered lenses,

The presence of channels, trough cross-stratification, and carbon-
aceous debris indicates that the Shinarump was deposited in a fluviatile
environment,

Preliminary data on the orientation of sedimentary structures in-
dicate that the Shinarump was derived from several source areas, of
which a source area to the southeast predominatedo Similarly, incom-
plete pebble studies indicate that the Shinarump was derived from several
sources; however, in contrast toAthe sedimentary structure studies, the
pebble studies indicate a prominent southwesterly source. Since the
Shinarump is an arkosic sediment, the source area probably was under-
going emergence and regional uplift which resulted in the dissection
of granitic and sedimentary terrains, This uplift was accompaniéd by
volcanic activity giving rise to rhyoiitic flows and ash falls which

were eroded and incorporated into the Shinarump sediments.
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The ore-producing areas are generally not in the most continuous
Shinarump conglomerate, nor where the Shinarump is absent, but they
seem to be localized where the Shinarump is moderately lenticular.

The basal member of the Chinle formation is the "D" member that
consists of thick altered volcanic ash and chlotitic claystoneég and
minor orthoquartzitic sandstones, The overlying "C" member in the
Monument Valley area consists of siltstone and ‘claystone with minor
arkosic sandstones.

A'reddishmorange siltstone énd arkosic sandstone unit which is be-
lieved to dorrelate, at least in part; with the "C® member of Monument
Valley is found in the Circle Cliffs, Capitol Reef, and probably the
western part of White Canyon area.

The prominent sandstone in the Chinle of Capitol Reef is probably
at the top of the reddish-orange unit., Cross—=stratification studies
made in this sandstone indicate that the material was transported from
the southwest. y

The prominent sandstone in the Chin;e of White Canyon probably is
at the base of or immediately below the probable extension of the red-
dish-orange unit., Cross—stratification studies made in this prominenﬁ
sandstone indicate that the material was transportéd from the é;stg and
thus possibly derived fiom the Uncompahgre highlando ‘

The overlying #BY¥ member of the Chinle consists of claystone, lime-
stone, dolomite, and calcareous arkoses.

The "A" member, the uppermost member, of the Chinle is composed of

siltstones and arkosic sandstones, Cross-stratification studies in sand-
stones of this unit indicate that the sediment was derived from the south-

west,
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The sediments that make up the rocks of the Chinle are arkosic and
quartzitic sands and silts interbedded and intermixed with varying amounts
of Yolcanic ash and tuff, These sediments are believed to have been in
a complex of stream, lake, swamp, and lagoon enviromments.

Recognition of distinctive lithologies in the Chinle will probably
permit a detailed stratigraphic analysis of the Chinle.

The feldspathicborﬁhoquartzites of the Wingate sandstone are be-
lieved to represent a widespread eolian deposit which accumulated on
a flat low-lying plain formed on the upper surface Qf the Chinle, Cross-
stratification orientation studies indicate that thé ma£erial was trans-

ported from the northwest.
PLANS

In the 1953 field season the stratigraphic studies group will ex-
tend the regional study to central and east-central Utah (fig. 1). Sev-
eral areas essentially completed will be revisited to collect additional

data and to orient new personnel.

A special detailed study of the Shinarump conglomerate aimed at pro-
viding an analysis of the distribution and lenticularity as well as a
better understanding of the relationships to the Chinle formation will
be initiated in 1953, Many of the areas otherwise completed will be
revisited tb accomplish the detailed study,

A study of the distribution and character of volcanic debris in the
ore-bearing rocks of the Triassic formations and the Morrison formation

will be started by the sedimentology laboratory. The objective of this

study is to determine the relation of the volcanic debris to uranium de-
posits and will include a study of volcanic debris as a precipitating agent

or as a possible source of the metals,
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: In the winter of 1953-1954 a more detailed interim report will be '

prepared for transmittal to the Atomic Energy Commissior.:
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