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PROGRESS REPORT ON THE s.JTIGRAPHY ~F THE TRIASSIC AND ASSOCIATED 
I -

FORMATIONS IN PART OF THE COLORADO PLATEAU REGIO~; 

By George Ao Williams ~ Robert Ao Cadigan9 Howard Fo -All;>ee;~ ., 
and[ John .Ho Stewart 

ABSTRACT 

Stratigraphic studies in~olving regional stratigraphy~ ·sedimentar,r 

structuresJ pebbles 2 and sed~entary petrology are designed to furnish 

l in!drmation regarding areal d~stribution .9 stratigraphie relationship.9 
; I I ' 

source areas j and depositional environment of the Triassic Shinarump 

conglomerate o Because of regional changes in stratigraphy.9 it is nee= 

essary to study rocks ranging from Permian to Jurassic(?) in a•e in 
·. . . I ~ 

·order .to obtain this knowledgeo 

Field studies have been restricted to areas in northern Arizona 

4nd southern Utah9 and conclusions made here will be subject to re= 

vision as the Triassic and ass
1

ociated formations are studied in other 

areaso 

The four programs of study used are~ (1) regional stratigraphic 

descriptions and correlation of units 9 (2) sedimentary structure 

studies 9 (3) pebble studies.9 Jnd (4) sedimentary petrologyo 
I -

The Permian Cutler formation consists of six membersg the Halgaito 

tongue ~ the Cedar Mesa sandstone 9 the Organ Rock tongue 9 the DeChelly 

sandstone 9 the White Rim sandstone 9 and the Hoskinnini tongue o The 

Hoskinnini tongue was traced to its pinch out in White Canyono 

I 
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In the western part of the areas studied 3 the Kaibab limestone 

and Coconino sandstone make up the Permian sectiono 

The Triassic Moenkopi folmation thins from the west and northwest 
. . I 

to the south and soU:theasto [n the western parts of the areas studied9 

the Sinbad limestone member o~ the Moenkopi was traced to where it 

could no l onger be recognizedo 

The- Triassic Shinarump .conglomerate !lies unconformably on the 

Moenkopi formationo The ShinarUmp is thickest and most continuous 

in the Kanab area and in the western part of the Monument Va],.ley areao 

To the north-and northeast of these areas ~ th~ Shinarump is less con-

tinuous and in large ar.eas is present only as sparse lenseso The ore= 

pr<rducing areas commonly are not in the most continuous Shinarump 3 nor 

where it is absent, but they l eem .to be localized wnere the Shinarump 

is moderately lenticularo 

Distinctive lithOlogies r ave been recognized in the Triassic Chinle 

t'o.rmation whiCh idll probj_permit a detailed stratigraphic analysis 

of the Chinle. Six li~hologic units were recognized and their relation-

_ ships studiedo 

Orientation studies or the cross-stratified units in the Permian.)) 
·I 

Triassic 9 and Jurassic(?) rocks have been made with special emphasis on 

. - . 

the Shinarump conglomerate.. rr~ss-stratification studies in the Shin+ 

arump indicate that the sed,nt making up the Shinarump was derived 

from several directions with a southeast direction predominatingo 

Studies of the pebbles o~ the Shinarump conglomerate were made using 

composition, maximum pebble s l ze, sph.Sricity, and l!Oundpesso· These studies 

indicate that the pebbles werl derived from several directions. 

OFFICIAL USE ONLY 



OFFICIAL USE ONLY 

6 
I 

A preliminary study of the petrology of sandstones in the northern 

Monument Valley area shows that the sandstones of the Permian Cutler . 

formation .\) the Triassic Moenkopi and the .Jurassic(?) Wingate are pre= 

dominately ·feldspathic orthoquartziteso ·1,'he Triassic Shinarump conglom= 

erate and the Chinle formation are predominantly tectonic arkoses:J with 

conspicuous amo'lffits of interspersed volcanic tuffs an~~.~sh.; 

INTRODUCTION 

Stratigraphic studies of the Triassic and associated formations in 

the Colorado Plateau region are planned to obtain information regarding 

the a~eal ciistribution.? local and regional differences in lithology.\) 

sources ~and · char&cter of constituting material and conditions or d~= 

positiori:"of the or:e.;.;.bearing Shinarump ·conglomerate and adjacent stratao 

·. The studies are concentrated in the Shinarump 9 'put because of regional 
J. r' f · • I 

cha~ges ~. the lithology it is necessary to study a considerable thick= 

ness · of ro~~s above and below the 8Qinarump to obtain a complete knowl- · 

e d·g e of depositional and post=depositional eventso This report sum= 

marizes information accumulated before 1953:~ and outlines plans for 

future worko The stratigraphic studies are being made by the Uo So 

Geological Survey on behalf of the Division of Raw Materials of the 

Atomic Energy Commissiono 

Field studies are essentially completed in the Monument Valley2 

Kanab:~ Circle Cliffs:J Capitol Reef .\) White Canyon:~ and Red House Cliffs 

areas in southern Utah and northern Arizona (figo 1) o These areas form" 

only a small part 0fL'th·e ~tota1- 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 ~reaso 
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The Triassic formations are in ascending order 9 the Moenkopi 

fo~ticn9 the Shinarump conglomerate 9 ~and the Chinle f'ormat~on (tabie 1) o 

As so cia ted forma:ti6ne are the under lying Cutler f'onnation 9 Coconino 
--

sandstone ,~~ and Kaibab ·:limest one of Permian age and the overlying Wingate 
' 

sandstone or Jurassic(?) ageo 

The ! our principal programs of study are~ (1) regional e.tr~ti= 

graphy==the measurement and description of: geologic sectionti..and the 

i\.racing or format ion contacts; (2) sedimentary atructure stu4ies== 

"measurement and description of the orientation ot eross~r.ati.ficatiost~ 

cUI:"rent lineation9 and ripp1e marks; (.3) pebble studies==the study or 

aize9 sphericity j rounqn~ss .f) and composition of pebbles found in con

glomerat ic st r ata ; and ( 4) sedimentary pet:r~logy studi-es (of the mi:cro

seopic t exture }) strqcture.$) and composition of the sedimentso 

Part of tile Cutler f()naa.tion was studied in the Monument Valleyf) 

Red House CJ.A.ffs.~ and Whit.e -Canyon areas ( figo 1) 9 The Cutler .torma-

tion is divided into sk membe-rs which are from oldest to youngest ~ 

the Halgaito t ongue 9 the Cedar Mesa sandstone member ;; the Organ Rock 

tongue~ the DeCh~lly sandstone member 2 the ·White Rim sandstone member;; 

and the Hoskinnini t ongue o The Halgaito tongue was not studiedo The 
- . 

Cedar Mesa sandstone m~ber changes from sandstone and abundant inter= 

strati f i ed red silt stone in the eastern part of the Monument Valley 

ar ea t o massive ·<Cross~stratified .,yell owish=gray sandstone in the western 

part of the Monument Vall eyJ t he Red House Cliffs and Whit e Canyon ar~aso 
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Table 1. GENERALIZED S£CTIOII Of PERMIAN, TIIASSIC, MD JURASSIC (?) ROCkS IN PART Of TM£ COlOR_AOO PLATEAU 

~~-----------~---------------.-------.---------------------------------------- -

I 

.. N AVA.IO 

! IANDITOfl£ 

• 
JU.IASII c Ot z KAYDtrA 

0 ,.. FO .. A~ICNII 

s 
u 

~ WUUIAT£ .... 
SANDSTONE ~ 

THI QtNESS 
(fUT) 

0·1350 

0·300 

250-350 

CIIIAIACTIR : MD DISTRI 8UTIOM 

SMDITOfU 1 WHITE TO PALE YEl.LOWfiH ORMG£ .Y, ,.N£• TO lillDIUM•GIAIIUD, l AR&£ SCALE CROSS• 
LAMIIl,ATED. l'HI a as WESTWARD FROM fUTHEIEDG£ · Ill NOUMiASTE .. MOST All ZOIIA. 

SMDITGM£, YELLOWISH ORANGE AND PAL£ GRAYISM RED, FIN£• TO MIDIUN•GIAINED, THIN TO THICK 
HOI I ZOIITALLY · B£DO£D MID MEDIUM SCALE, . LOW• AN~£ CROSS• LAMINATED . ' CoNTAINS MINOR IEDDI lit 
BROWf SILTSTOIU:. THI CI..DlS if£.5.1: .... 0 FROM F£ATHER£D&£ IN. NORTMEASTERNMOIT ARt ZONA . 

SMDSTOIU, ·· VERY PALE ORM5£ Tq MODEIATE R£DDI SH ORMIE:, . VERY : FINE- TO. FIN£-&RAINED, LARGE 
SCM,E CltOSS•LAMINATED, CL I F'F• FORMINQ, WI DEI'I£AD. 

- - -- -- -- - LOCAL UNCONFOIIMI TY- -- -~ --

TRIASSIC 

PE:RMI AN 

CHINLE 
FORMATION 

SH Ill AttUMft 
CONQLOM· 
ERATE 

10· 1200 

0·350 

Cl.AYITOME AND SILTSTONE:, PAL£ RED, &u.r'IIH PURPLE, &•££NISH GRAY, VARIEGATED, lANDY • • CoNTAINS <JJ 
MINOR IUP'LE•LAMINATED OR SMALL TO M£DIUM SCALE, CROSS•LAMINATED SANDSTONES MD MINOR THIN TO 
THICK UITERSTRATIFI£0 BEDS OF DENSE LIMESTONE .. THINS NORTHWARD. 

SANDSTONE, GIA'fiSH OINIGE TO PALE YELLOWISH ORANGE, MEDIUM• TO COARSE·GRAINED, SMALL TO a.IDitiM 
SCALE CROSS• LAMINATED; COIINON THIN TO VERY , THI Cit BEDS OF CONGLOMlRATI C SNIDSTONE TO CONGLOM• 
ERATEJ LOCALLY . HIGHLY VARIABLE IN THICKNESS; LOCALLY AISENT • . 

-- ·UNCONFORMITY-- -- -- -~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- --

MoENitOP'I 
fORMATION 

50·1000 SILTSTONE 1 PALE REDO ISM BROWN 1 HORl tON TALLY : AND AI PPLE•L AMINATED; MINOA VERY FINE· GRAINED, 
CROSS• LAM INA TED .SANDSTONES, FORMATION TH I at ENS WESTWARD AND NORTHWESTWARD. , Sf'N.8AD L I ME• 
STONE MEMIER PRESENT ONLY IN WESTERN PART OF SOUTHlAST£AN UrAMJ 0~200 FEET ABOVE lASE Of 
MOENitbN fOIIIUTION; RANGES IN THICKNESS FROM A FEATHERED&£ TO ' 150 fEETJ COMPOSED OF PALE 
YE:LLOWISH BROWN, DENS£ LIMESTOIU: MID MINOR PALE OLIVE SILTSTONE. 

lOCAL UN CON FORM I TY- f-- -- -t.._~~-=---:_-_-__ -_-----------~~~-~~--_::_--===-===-~==-===-~~~-----~__:__~-=-===-~~=--=--=--=------~--------------. 
NORTHEASTERN ARt ZONA AND CENTIAL, EAST• CENTRAL, AND SOUTHEASTERN UTAH 

fORMA• 
nON 

z 
0 

... 
c 
I 
0 
~ 

MEMIER 

HOSit IN • 
NINI 
TONCW£ 

WHITE 
RtM 
DIID• 
STONE 

0.£0t£LL Y 
SAND
STONE 

ORG-AN 
RoCK 
TON&U£ 

CI:OAR 
WESA 
, .. D. 

STOllE 

HALGAI TO 
TONGUE 
y 

Tt4U:~t • 
NESS 
(FEET) 

0·120 

CHAIACTER AND DISTRIBUTION 

StL TITOIII TO FINI•81AINED SANDSTONE, PALE 
REDDI IH BRO .. , CO'-IIIIOif MEDt'tae TO COARSE, . 
W£LL·ROUND£0 .RAINS, THIN TO VERY . TM1CX 
HORI ZOMTALLY , BEDDED. · , NOT P'RISDIT Ill 
SOUTH· COTRAL, CENTRAL, OR I:AST,. CENTRAL 
UTAH • . 

0·230 SANDSTONE, VERY LI&HT GRAY TO YELLOWISH 
GRAY, FIIIE· TO MEO.IUM·GRAINED, MEDIUM TO 

I
' LARGE SCALE CROSS·LAMI.ATED, PRESENT ONLY 

IN EAST·CENTRAL UTAH. 

I 

0·825 1 SANOITOlH, MODERATE -. REDDISH ORMG£, YlRY 
: fiNE• TO MEDIUM·GRAt~D, MEDIUM TO LARGE 
. SCALE CIOIS·LAMINATED, CLiff-FOAMING. 

THINS TO THE NORTHWEST AND PINCHtS OUT 
NEAR THE ARI ZONA• UTAH BOUNDARY. 

250·800 I SILTSTONE, PALl REDDISH BRO .... MORIZOitTALLY . 

0- 1250 

LMifMATtD TO VlRY THICK IEDDED. : CoWTAINS 
'-fMOR YUY ""E• TO fiNE·QRAINlD, CROSS· 
L.I.AT£0 INIDSTC*£1. · THI•s TO •oRTHWEST. 

SANDSTON£, YU.LOWISH GRAY, FINE• TO MEDIUM· 
G.AINED, MEDIUM TO LARGE SCAt.£ CltOIS• 
LAMI.ATED, CLI ff• fORMING. ; THI CKENI TO 
NORTHWEST FROM INFERRED flATHEREDGE IN 
NORTHEASTERN ARIZONA. 

SILTSTONE TO VERY FINE·GRAINED SNIDSTOieE, 
PALE REDOISH BRO-. HORIZONTALLY IEDD£0,. 
CONTA INI MtttdR L IM£STOieES. . PRlSEfiiT Oltl Y 
IN NORTHEAST£1 .. ARIZONA AND SOUTMEASTERN 
UTAH. 

1-----+-----+-----+----·-· - -- -·· --.. --- - ---·--.. - - - ·----- .... 

I 

Sl L TSTON£ TO MIDtUM• &RAINE~ SANDITOMI, PALl 
R£001 SM IROIN 1 . MORt ZOfiTALLY · IEDDED. ; COle· 
TAINS MINOR GREENISH GRAY~ THIN TO THICK 
HORIZONTAL BEDS Of LIMESTONE • . foaMATI&N 
IS WI DU~RtAO. , 

SOUTH• CENTRAL UTAH 

THICK· 
TION NUl 

(FEET) 

KAllAl 1!i0 
LIME• 
STONE 

COCONINO 800 
SAND,. 
STONE 

CHARACTER AND OISTRIBUTION 

DoLOMITIC LIMESTONE, LtGHT 
GIEEIC ISH GRAY AND YELLOW! SH 
GRAY, DlN SE, COMMONLY Fl N £• 
GRAINED SANDY, OfERTY~ WIDE· 
SPREAD. 

SANDSTONE, YELLOWISH GRAY • fiNE· 
GRAINED, MEDIUM TO LARGE SCALE 
CROSS• LAMINATED. CONTAlNS 
MINOR LIMY · SNIDSTONE AND DOLO· 
NITIC LIMESTONE BEDS. FORMA· 
TION II CLIFf·FORMING. : 

I 

!/ Cot.ORS ACCORDING TO ROCK COLOR CHART, NATIONAL RESEARCH CoUNCIL, 1848. 

1/ BAKU • . A. t A. ~ 193e, GEOLOGY Of THI MONUMENT VALLEY,.NAYAJO MoUNTAIN REGION, SAN JUAN COUNTY, UTAH; U . : 5 . GEDL ., SUavEY, BuLL. ' 885. 

GRIIOaY, H • . E.l · 1938, THE SAN JuAN CoUNTJft, A GIOGI,_HI C NID G£0LOGI C RlCONNAI SSANC£ OF SOUTHEASTI:M UTAH: 
.PROF . PAPU 188 . 
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The Organ Rock tongue is a widespread unit ot reddish-brown siltsto~: 

that thins northward !rom 450 feet in Monument Valley to a measured min~ 

imum of 300 feet in the White Canyon areao The middle part of the Organ 

Ro~ in the western part of the White ~won area contains a prominent 

cross-stratified sandstone unito This ~ancist.one grades into siltstones 

of --the Organ Rock in the C~tral part of the White Canyon areao The 

DeChelly sandstone» which overlies th&~Organ- Rock .in the Monument Valley 

a r ea, i>ltlns to the ·north in the·Hoomaer Valley area and pinches .out 

near the San Juan Rivero The White Rim sandstone, which overlies the 

Organ Rock tongue north of the White Cahyon area grades laterally into 

I . . 
siltstone of the Organ Rock tongue in the western part of the White 

Canyon area o The White Rim sandstonej the mid=Organ Rock sandstone unit 

or both may connect with DeChelly s~dstone o This correlation .can not 

be made positively for the two units are absent along the only continuous 
T . 

li.Q.e of Permian rock exposures between Monument.Valley and White Canyoni 

. Either or both of these sandstones may bonnect and be a cont~uous sand= 

~tone unitt with the DeChelly beneath areas where these rocks a:re deeply 

buried o The· Hoakinnini tongue» p~erlou~ to this study 9 bad not · been ex= 
I 

tended nort; _ot _the .pinch-out of the DeChelly sandstone near the San 

Juan River because it was thought that the Hoskinnini could not be 

differentiated .!rom the Organ Rock where the DeChelly sand.stone was not 

present {Baker» 1936)o However 9 incthe Red House Cliffs area (Mullens 

and Hubbard 9 ,: 1952) » the Hoskinnini has been recogni~ed by its distinctive 

lithology J:Jt siltstone or -very fine-grained sandstone containing .abundant 

well=roundedj medium grains and by its distinctive smooth surface weath= 

eringo The Hoskinnini was traced north from the Red House Cliffs area 

to a pinch90ut in the middle of the White Canyon areao 

OFFICIAL USE IONLY 
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The Cutler formation was deposited! in at least two depositional 

environment s=,=eolian and marine or marginal marine o The light= colored 

sandstone members==the ·Cedar Mesa sanP.stone 9 DeCheilily sandstone ;; and 

White Rim sandstone--are interpreted as eolian;; whereas the reddish 

siltstone and sandstone members ;; such as the Organ Rock tongue;; are 

- c interpreted as marine or marginal marine o .. 

In the Circle Cliffs and Capitol Reef areas the Permian Coconino 

sandstone and Kaibab limestone are the lowest formations evnosed and 
I . ~~ 

are presumably equivalent to the upper part or all of the Cutler for~ 

mationo The Coconino sandstone is a . fine= to medium-grained cross= 

stratified san~stone which is interpreted as eoliano The Coconino 

grades upward into the sandy dolomitic ~imestone .of the Kaibab for~ 

mat ion which was probably deposited in a margidal marine or near shore 

environmento 

:Triassic ror ks 

The Moenkopi formation ;; the lowest! Triassic !ormation in the areas 

studied;; is dominantly reddish=brown siltstone to sandy siltstoneo It 

thins to the east from 1 9 600 feet (Gregory;; 195,0) i:tt . ~the Kanab area and 

about 900 feet in the Capi tol Reef area[ to about. 250 feet in the western 

part of tbe Monument Valley9 Red House Cll:-f.fs, Whi~e Canyon;; and Circle 

Cliffs areas , ~nd to about 100 feet in the eastern part of the .Monnment 

Valley area o 
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The Moenkopi formation contains a limestone unit in the Capitol 

Reef area that has been tentatively identified by Jo Fo Smith and 

others (1952) as the Sinbad limestone member of the Moenkopi formationo 

In the central part of the Capitol Reef area the Sinbad limestone is 

about 150 f eet thick and is underlain by about 100 feet of siltstone 

that forms t he basal unit of the Moenkopio Southward from the Capitol 

Reef are 9 the Sinbad limestone and underlying siltstone unit is thinnero 

I n the northern part of the Circle Cliffs area ~ where the Sinbad has 
"~ 

not been previouely reported~ the limestone is about 50 feet thick and 

the underlying siltstone unit is only a few feet thicko In the central 

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 markso The Sinbad limestone member 

was deposited in a marine environment that encroached on a marginal 

marine environment from the westo 

The Shinar~p conglomerate of this report includes only the sand= 

stone 3 conglomeratic sandstone ~ conglomerateJ and gray-green lenses of 

claystone and silt$~one that directly overlie the Moenkopi formationo 

The sandst one is grayish to pale yellowish orangeJ cross~stratified on 

a small to medium scaleJ and composed dominantly of medium- to coarse-

grained subrounded clear quartz; the conglomerate is eross..,.stratifiedo 
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on a small to medium scale 9 and i~ composed dominantly of vitreous quartz.? 

quartzite s and chert pebbleso The conglomerate beds in some places are 

as much as 40 feet thick but in other places form only thin stringers 

on plan~s ot. bedding and cross strati!icationo In the Red House Clif'lfs 

area ~here the Shinar~p is absent 9 pebbles are p~esent in the basal few 

inches of the Chinle sha~leso Lenses of gray=green claystone an? silt= 

stone in the Shinarump are present in all areas and locally they comprise 

a large percent age of the Shinarumpo 

The Shinarump ranges .from a continuous unit 150 to 350 feet thick 

in the Kanab and western part. or Monument Valley areas to .a discontinuous 

unit a few inches to 50 feet :thick in the White Ca.n;yon9 Red House Clit!s 9 

and the eastern part of the Monument Valley areas o In many parts of 

Circle Cli!'fs 9 Capitol Reefj White Canyon.9 and Red House Cliffs areas 

t he Shinarump is absent and the Chinl~ formation r~sts directly on the 

Moenkopio 

The discontinuity or 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 Chinleo In places in Capitol 

Reef~ channels filled with claystones of the Chinle eut down through 

t he Shinarump 9 with no . intertonguing evident 9 into the top o! the 

Moenkopi formationo In the Circle Clif!s 9 however~ as well as in most , 

of ~he areas ~ ~enses of Shinarump conglomerate intertongue with Chinle 

shale s o 
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Channels filled with Shinarump conglomerate are common along the 

ero$.'ional unconformity between the Shinarump and Moenkopi formations o 

. :·:· ·1he channels range from a few feet deep ~d a few feet wide to about 

75 feet deep and 2j300 teet wide (Witkind and othersj 1953) in the 

western part of the Monument Valley areao Channels are common in the 

Monument Valley~ Circle Cliffs and Capitol Reef areaso In the White 

Canyon a~d Red House Cliffs areas channels are rare~ and where 

present 2 they are small 2 both in depth and widtho In the Kanab area 

channels that cut into the underlying Moenkopi are rare9 but channels 

within the Shinarump are '· common o 

The presence of channels.:~ t.rougb eross=stratification, and carbon= 

aceous debris indicates that the Shinarump was deposited in a fluviatile 

environme'nt o 

The Chinle formation consists of variegated claystone and siltstone 

interbedded with minor sandstone beds o The formation thins northward 

from Monument Valley; the thickness averages 950 feet in the Monument 

. Valley· area, 800 feet in the Red House Cliffs areaj 650 feet in the 

White Canyon and Circle Cliff's areas.? and 500 teet in the Capitol Reef 

area o The Chinle is 1 9 400 feet. thick in the Kanab area9 but the signi= 

ficance of this large thickness has not yE!t been evaluatedo 

In the Navajo Indian Reservationj the Chinle formation was separated 

· into four divisions by Gregory (1917/J P.o 42) o These divisions in ascend= 

ing order are 0 .DA» •en.? 11 Btt :~ aQd 11A11 o Although the lithology and thick= 

ness of these members (McKeej 19519 Po 89 ) differ from.place to place 

away from areas where they are best developed.? they have been tentatively 

, hprrelated througho~t northern An:izona and southern Utaho Correlation ot 

t hese units has , uq,~ been establisheCi 1·. in the Kanab areao 
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The unu member in the Monument Valley area is predominately a 

reddish=brown sf~~f claystone· and interstr.atified miceacous and 
'' :~.: 

ripple-~.J.4~~E:ped ~ sandstone o Throughout the area studied the unn 
·, ' ( ~. ~ . ··><.:•· 

member is about 200 feet thic·ko Northward in the White Canyonj 

Circle Cliffs ,\) and'· !(:~~liib.~;. ;Reef areasj th:Ls member is a distinctive 
' • .. ·'1·, · .. · ' t ···) 

and persistent unit predominately of greerlish=gray claystone and inter= 

stratified sandstone simi~r to the sandstone of the nnn ,~~mber in 

Monument V~ley o Throughout northern Arizona and southern Utah the 
,,. 

in~erstratified sandstones in the "D" member commonly have strikes 

and dips anomalous to the regional strike and dipo Field evidende 

suggests that the unusual attitudes of thElse beds is due to pene= 

contemporaneous deformationo 

The "C" member is a variegated claystone unit about 450 feet thick 

in, the 'Ho~ument Valley areao This member intertongues with the· over= 

lying nB• member in the Red House Cliffs areao In the White Canyon 

area and no'rthward j lntertonguing of the •en and HBtt members has pro

gressed to the point where the ncn member is replaced by the ttBu 

membero 

A reddish=orapge claystone an4 siltstone unit about 150 feet thick 

which commonly contains a high proportion of sandstone is found in. the 
jOI ' · 

Circle Cliffs and Capitol Reef areas '.and probably in the western part 

of the White Canyon ·areao This unit ·ie .probably equivalent . to :a part 

of the ncn member o The prominent ! mid=Chinle ,sapdstone of the C!lpitol 
- ' 

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 areaj easily mistaken for the Shinarump 9 lies at the base 

of .<;) or immediately below the probably extension of this unito 
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These two sandstone units are not believed to correlate because of 

their probable different stratigraphic positionso 

The 19B• )member is co111posed o! pale=red siltstone and commonly 

interstrati!ieci gray or pale-red, thin to thick l.iaestone beds o It 

. . . ' ' ~. . .. ~. 
thins _ !ro.m .300 teet in the Monumen-t Valley '~Fea to about 200 teet in 

the White Canyon and Circle Cliffs areas;9 and is about 150 feet thick 

. in the Capitol Beef area o 

The nA" member is composed of reddish siltstone and sandstone ' It 
f 

ranges in thickness from 40 to 200 feet and averages about 150 feet thick., 

In the Red House Cliffs and White Canyon areas 't.he lower part of the "A" 

member is a reddish siltstone that intertongues -. and is replaced by the 

"B" member to the west in Circle Cli!!s and Capitol Reef areas ~ The\.upper 

part of the ''A"· mem~er 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 siltstoneo 

The Chinle !ormation is int erpreted t.o }lave been deposited in a 

fluviatile and lacustrine environment,; The "D11 and ncn members are prob= 

ably primarily fluviatile deposits compose!d .in large part of volcanic asho 

·The ' "Bu and "A" members are mainly· deposit,ed in a lacustrine environment 

and probably cont airt considerably less volcanic material than the 11J?~ and 

"C" members ., The upper part of the "A0 mEmiber. is predominalt-ely ' & · 

fluviatile deposit o 
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Jurassic(?) rocks 

The Wingate sandstone and the "A" m I ber of the Chinle formation are 

lithological!T similar, but have a reco~zable contact between them in 

the areas studied. Generally the contacj can be located by the distinctive 

well=rounded coarse grains in the lower fiew teet or the ~ine=grained Win= 
•i 

gate sandstoneo Locally a slight angnlar and erosional unconformity is 

present along this contact in the Circle Cliff's and Capitol Reef areaso 

SEDIMEN.TARY SXRU 1ll.ttlES 

Studies of the orientation of sedimentary structures in the Shinarump 

conglomerate and associated formations be[an in 1951 and continued during 

the 1952 field se~sono The methods used~ ·with mino10; modifications» are 

the same as those developed. in the Morrisjn study ( tCraig, and others, 

1952)o Descriptive terms are those recommended by McKee andWeir (1952)o 

The amount and direction of dip is easured on the cross-strata in 

the unit being studiedo The number of di1 measurements that are necessary 

for adequate sampling depends on the diversity in direction of dips of 

the cross~stratification. The result of ~ field tests show that 150 

dip,~eaSurements are adequate in units that have channels that cut into 

underlYing units and contain trOtlgh~type r.ross~strata such as the Shinec "' 

arump conglomerate. In units which contr.a~n large~scale trough-type cross~ 

strata 9 such as the Navajo sandstonej 50 ~easurements are sufficiento Only 

one measurement is made in a sing~e set o cross~stratae 
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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 directiono 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 methodso This resultant is the average down= 

current direction from which a transportation direction and a source di= 

rection can be inferredo 

Permian·· rocks 

The Cedar Mesa sandstone member of the Cutler formation was studied 

in the Monument Valley» Red House Cliffs ~ and White Canyon areaso The 

studies indicate a direction of transport of the material from the north= 

west o The cross=strata are generally large-scale (greater than 20 feet) 

and become tangential to the lower bounding surface of the seto Present 

practice is to identify such structures as eoliano 

Orientatio·n studies in the DeChelly sandstone member of the Cutler 

formation in Monument Valley indicate that the material was transported 

from the northwesto The DeChelly sandstone is composed of large=scale 

trough cross=strata and is interpreted as eoliano 

The sandstone unit :tn the middle part of the Organ Rock tongue in 

the western part of the vfuite Canyon and the White Rim sandstone member 

of the Cutler formation contain large=scale trough cross-strata and are 

interpreted as eoliano Orientation studies in both :'units indicate that 
'! 

the material was transported from the north~;veste 
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Two studies wer,e made in the Coconino sandstone--one in the Circle 

Cliff~ area ~ and one in the Capitol Reef areao The direction of trans= 

, porto:: indic:ated by these studies was from the northwesto The sandstone--

contains larg~-scale trough cross-strata and is interpreted as eoliano 

The similarity in direction of transport of the material and the 

type of cross=stratificatiop in the sandstone members of the Cutler and 

the Coconino sandstone sugge,st that these . uni~s are related and probably 

derived the material from the same sourceo 

Triassic rocks 

The Moenkopi format>ion contains several cross=stratified sandy 

siltstone units that permit orientation studieso The cross-stratifi-

cation is small~scale (less than 1 foot) to medium=scale (more than 

l foot to less than 20 t•eet) and is of a trough~type closely resembling 

the fe~toon-type described by Knight (1929.ll Po 56=74)o Based on three 
I 

prientation studies the transportation direction of these sediments was 

predominantly from the east o 

The orientation of sedimentary structures was concentrated in the 

Shinarump conglomerate ~dth 22 orientation studies completed in the 

areas ~xamined (figo 1)" 

Orientation studies of the Shinarump conglomerate indicate that 

the direction of transpc>rt of sediments was from the south and south= 

east in all areas studiE~d except the Circle Cliffs and Capitol Reef 

areas :. Utaho In these areas orientation studies indicate -- a source ;to 

the southwest in addition to a southeast source o The differences .in 

dir ection found in the orientation studies support th~ concept of mul= 

tiple sources for the Shinarumpo 
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Structu!5e .. ~tudies o:f the prQifdnent sandstone in ·the White Canyon 

area show the direction of transport of the sediment from the east and 

southeast o These directions are more westerly than the direction of 

transport f ound for t he Shinarump conglomerateo 

Structure studies in the prominent sandstone of the Chinle forma= 

tion in the Capitol Reef' and the Circl~ Cliffs areas show the direction 

of transport of the s ediment to have been from the southwesto 

The "A" member of the Chinle formation cont ains medium~scale 

t rough cross=stra.tificationo Ori entation studies in .this ''Au member 
/ 

in the Red House Cliffs and White Canyon areas -indicate the transport 

of material to have been from the southwesto 

Jurassic(?) rocks 

The W~ngate sandstone commonly forms a vertical clif!9 making 

sedimentary structure studies difficult 3 but where exposures permit .\) 

orientation studies indicate the sediment was transported from the 

nalrl.hwest o 

Structure orient ation studies were made. in the Kayenta and Navajo 

formations whenever t ime permittedo Studies in the Kayenta formation 

show that sediment was transported predominately from the north and 

northeast but sufficient differences in t hese directions occur to 

indica t e a varia:tion in current direct ions which is not thoroughly 

unders~ood o Studies i n the Navajo are consistent in showing that 

the sediment was transported f r om the northwesto 
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The eolian sandstones which occur in the Permian and Jurassic(?) 

rocks have a consistent transportation direction from the northwest 9 

suggesting t he ' same general source areas and conditions of depositiono 

. PEBBLE STUDIES 

The purpose of the pebble studies is to determine the· regional 

differ ences in composition~ size.., sphericity.9 and roundness of the 

pebbles found in the Shinarump conglomerateo Pebbles in the Shinarump 

are studied in each area visited~ but in some areas pebbles are sca~ce 

and a unifor m areal distribution of the pebble studies cannot be madeo 

The pebble studies at each sample locality are based on two col= 

lections of 50 pebbles eacho One collection is sieved into severai 

size groups which conform with the Wentworth size classification 

( Wentworth~ 1922.., P o 377-392) 9 and each size group is studied for 
~ 

compositiono The second collection- of 50,::,pebbles is retained for 

laboratoey -<ieterminations of sphericity and roundnesso Considerable 

t ime is spent ~~t each sample l ocality searching for the largest pebble 2 

for fossiliferous pebbles .., and for rare lithologie typeso 
,i' 

The pebbles of the -Shinarump are mainly well=rounded fragments of 

vit reous quartz 9 quartzite.., and chert 9 but some silicified limestone 

_., and igneous .pebbles occuro Chert and quartzite pebbles are dominant 

in the Kanab areao Eastward from the Kanab area there is a marked.., 

'though not progressive fJ decrease in the relative ab®dance of chert 

and quart zit_e pebbles lJ and in the Red House Cliffs area ·vitreous quartz 

pebbles are dom~nt o These vitreous quartz pebblf;!s are mostly of a 
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pink variet7 and appear to have had a different source than the colorless 

and milky varieties found in areas west of the Colorado Rivero ::Silicified 

limestone pebbles were f ound only in the Circle Cliffs and Capitol Reef 

areas and igneous pebbles were found o~ly in the Capitol Reef areao The 

relative abundan~e of different pebble types in the areas studied is 

shown in ·table 2o 

The west to east rdhange in pebble composition coincides with a general» 

t hough not progressive .P west to east increase in sphericity and roundnesso 

··'Also D the maximum pebble diameter decreases from 4 1/2 inches in the Kanab 

area t o about 1 1/2 inches in the .Capitol Reef area (figo l)o Eastward · 

from Capitol Reef the maximum pebble diameter increases to 5 inches in the 

Red House Cliffs areao 

Although t he fi eld and l aboratory data are incomplete» some paleo= 
l 

geologic interpret ations s~em justifiedo The direction of change in 

size a.nd sphericity and the introduction of different lit hologies suggests 

a multiple ~ource f or the Shinarump~ (1) a source from the south or west 

of the Kanab area,9 (2) a source from the southeast of the areas studied 

east of the Colorado River 9 and (3) a suggestion of a possible contribution 

from somewhere north and .west of the Capitol Reef areao 

SEDIMENTARY PETROLOGY 

The investigation of Tri assic and related sediments on the ColQrado 

Plateau was undertaken by the sedimentary petrology laboratory on a part= 

t ime basis during the field season of 195lo Systematic study and a 

regional sampling program were begun in the 1952 field seasono Laboratory 

work includes grain=size analyses 9 heavy mineral separations 9 preparing 

samples f or thin=se~tioning ,9 and «;rtherwise processing for study the samples 

t hat were collectedo 
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Table 2o=Average percentage · composition of pebbles in the Shinarump conglomerate 
of southern Utah without regard to size 

Vitreous Siliceous Maximum 
Area Quartz Quartzite Chert limestone Igneous Size'{ino) 

Western part 
of Kanab 18 34 48 = c=,.J .-..::,;..,:,=• 4o5 

Eastern part. 
of Kanab 16, , J:IJ 24 ~~ =- 3o 7 

Circle Cliff s 41 20 35 4 = (..;::::. 2o5 
t~ 

Capitol Reef 6o 16 13 9 2 lo? 

\fui t e CanyQ .. p . 89 9 1+ == === 3o 2 -
Red House Cliffe 84 14 2 e-:->C-l =- 5~0 
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A brief study of the general charaeter :of Triassic and related 

sandstones ha s been complet edo The study consisted of a qualitative 

inspecti qn of selected thin,=s ecti ons of Shinarump conglomerate from 

f ive diff erent areas ~ and an i nspect ion of a suite of representative 

t hin--" s ections of Permi an 1) Triassic,9 and Jurassic ( ?) sandst ones fr.om 

t he nort her n part of t he Mon~~t Valley areao 

The r ecognition of t he r~{ck types into which tbe sands~:ones have 

been cla ssif ied is based on a visual est imate of the c~sit.imr ·in 
. . ·~·' 

gener a l and on t he amount of sodium cobaltinitrite=stained -- ort:hoclase 

and micr ocline f el dspars pl us derived kaolinite present in the thin . 

sect i ons o The sandst ones are highly quart zitic with varying amounts 

of potash feldspar ~ plagioclase feldspar~ chert~ and clay minera~~o 

The cement i ng mat eri als are chiefly calcium carbonate or secondary 

sili ca deposited in the f ol"m of optically cont inuous quartz over-

gr owths" Where feldspar s are estimated to make_up less tha..l! 10 per= 

cent of t he det rit al minerals.9 the sandstone is classified as an 

orthoquartzite ~ 10 percent to 25 percent feldspar defines a feld~ 

spat hic -orthoquart zite 9 25 percent or more feldspar defines an arkoseo 

The term f~spar a s used i n t hi s ·system of classification includes 

t he de~i ved clay''lll_i neral,\) kaolinite o 

Three general t ypes of arkoses may be defined on the basis of 

texture and structure9 these specific t ypes are believed to occur under 

restrict ed conditions o Cl assified genetically these types are (1) 

r esidual ar kose.9 or ••granite wash11 material which resembles weathered 

granite_; ( 2) t ectonic arkos e which requires tectonic uplif.t of a 

granitic source area J extreme dissection ~ and torrential streams_9 and 
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(3) derived ark~ which results from the reworking of a residual or 

tectonic arkose with a l oss through winnowing of most of the kaolinite 

and the pre·servation of most of the fel.dsparo The terminology of rock 

classification used here with the exception of derived arkose is that 

presented by Pett ijohn (1949)o 

Permian r ocks 

I 

The sandstones of the Cutler formation are generall y feldspathic 

orthoquartzites but there is some difference in composition between 

memberso The Cedar Mesa sandstone and the DeChelly sandstone,members 

are feldspathic orthoquartzites~ the Organ Rock tongue is a !eldspathic 

ortho.qu~rtzite characterized by poor sorting and angular gr~inso The 

Hoskinnini tongue is an arkose characterized by a conspicuous coarse 

fraetion of well=rounded grains of quartz· and potash feldsparo 

Tri assic rocks 

~ sandstDnes of the Moenkopi formation are feldspathic orthoquartzites o 

The sandstones of t he Shinarump conglomerate were found to vary in 

composition 9 ~texture 9 and structure -from conglomerate arkoses of the 
.J' , ~ • 

t ype which are genetically classified by Pettijohn (1940) as tectonic 

arkoses ~ through coarse-grained feldspathic orthoquartzites to fine= 

grained feldspathic ort.hoquart zit es o A substantial amount of altered 

rhy~litic tuff is present in most localititeso The amount of volcanic 

material may differ greatl y between successive strata at the same 1ocationo 
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One or more of the source areas of the Shinarump is interpreted 

f rom t he petrography of the sandstones t o be dominantly a granitic 

t err ain wit h some s ediment ary cover undergoing extreme tectonic uplift , 

with a ccompanying volcanic activity consisting of rhyolitic flows and 

ash fallso The par t s of the Shinarump conglomerate which may be classi= 

f i ed as a rkose ar e pr0b~bl'Y .. directly derived from alluvial fans or pos= 

sibl y result from the overflow of nearby sedimentary basinso The better 

s orted and less feldspathic sandstones may be the result of reworking 

of the al luvial fan or basin mat erialo 

Pet r ogr aphi c work on :'the Shinarump has not progressed to the point 

where syst ematic regional differences in microscopic texture 9 structure~ 

and mineral composition may be recognizedo 

The Chinle fo rmation t ends to be arkosic o The unfl member sandstones "9 

which i mmediat el y overlie t he Shinarump ~ are o\t"thoquartzites with a tight 

mosiac arrangement of t he grains; they contain much green chloritic clay 

i n i nt erlamell ar s eams j) col orless mica9 non=,opaque heavy minerals 2 and 

altered volcanic asho The basal sandstone of t he Chinle uD 11 member often 

has been combined for mapping purposes with the Shinarump conglomerateo 

If t he cont rast between the t wo sandstones observed in the preliminary 

study i s f ound t o exist over the region;.as a who1e 51 the two sandstones 

should be properl y considE3red as separate lithologic units in future 

pal eo geol ogical int er pretations 0 The "Bf1 member sandstones are arkosic 

wit h l ayer s of granule~= size pellets of cryptocrystalline calcite which 

cont a i n ),) as inclusions 9 clouds of angular microlites of quartz and 

feldspar possibly of volcanic origino The "An member sandstones are 

wel l sorted arkosesa 
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Jurassic: (?) rocks 

The Wingat e sandstone is a feldspathic orthoquart zite which contains 

les s ~-angular grains and is better sort ed t han the underlying Chinle sandc= 

stoneso 

INTERPRETATIONS AND RESULTS 

The Cutler formation is a sequence of sediment s which is believed 

t o have been deposited in a complex of marginal marine and eolian 

environment s o The sequenee represents an intertonguing of sediment s 

derived from t v'IO sources o The relatively high content of feldspar and 

the stratigraphic r el ationships of the Or gan Rock and Hoskinnini tongues 

indicate that t hey probably re ceived cont ributions from an actively 

rising l andmas s t o the east :; possibly the Uncompahgre and San Luis 

h~ghlands _,, and that they were deposited in shallow wat er ,, 

The Cedar Nesa; DeChelly.9 and Whit e Rim sandstone members are inter= 

pret ed as eoli an sandstones o Orientation s tudies on the cros.s ·=stratifi= 

cation in t hese members indicate that the mat erial was transported from 

the northwest o. 

The Hoskinnini t ongue of the Cutler formation has been extended 

from the Red Hq1fse Cliffs area int o the Whit e Canyon area where it 

pinches outo In t hese areas the Hoskinnini is an easily recognizable 

and mappable unito 

The Moenkopi fo r mation is believed t o be domi nantly a tidal flat 

and shallow wat er mari ne deposit which derived material from the east 8 

possibly from the granitic terrain of t he Uncompahgre highland o 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 o 

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 outv The Sinbad limestone member is a marine lime= 

stone that represents an advance of a marine environment into a marginal 

mari ne environmento 

The Shinarump conglomerate lies unconformably OI). the ~benkopi 

formation o The formation is thickest and most continuous in the Kanab 

area (fig ~ 1) and in the western part of the Monument Valley areae 

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 lenseso 

The presence of channels .:? trough cross=stratification.9 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 areasj of 

which a source area to the southeast predominatedo Similarly51 incom= 

plete pebble studies indicate that the Shinarump was derived from several 

sources; however ~ in contrast to the sedimentary structure studies 51 the 

pebble studies indicate a prominent southwesterly sourceo Since the 

Shinarump is an arkosic sediment 51 the source area probably was under= 

going emergence and regional uplift which resulted in the dissection 

of granitic and sedimentary terrainso This uplift was accompanied by 

volcanic activity giving rise to rhyolitic flows and ash falls which 

were eroded and incorporated into the Shinarump sedimentso 
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The ore=producing areas are generally not in the most cont-inuous 

Shinar~p conglomerate 2 nor where the Shinarump is absent .>J but they 

seem to be localized where the Shinarump is moderately lenticularo 

~tre basal member of the Chinle formation is the nnu member that 

consists of thick altered volcanic ash and,- chloritic claystones 9 and 

minor orthoquartzitic sandstoneso The overlying "C" member in the 

Monument Valley area consists of · siltstone and '.claystone with minor 

arkosic sandstorieso 

A reddish=orange siltstore and arkosi c sandstone unit which is be= 

lieved to correlate 9 at least in part ~ with tJ;le 11C11 member of Monument 

Valley is found in the Circle Cliffs 9 Capitol Reefj and probably the 

western part of ~ite Canyon area o 

The prominent sandstone in the Chinle of Capitol -Reef is probably 

at the top of the reddish"",orange unite Cross=stratification studies 

made in this sandstone indicate that the material was transported from 

the southwesto 

The prominent sandstone in the Chinle of White Canyon probably is 

at the base of or immediately below the probable extension of the red= 

dish=orange unito Cross=stratification studies made in this prominent 

sandstone indicate tm t the material was transported from the east 9 and 

thus possibly derived from the Uncompahgre highlando 

The overlying "B" member of the Chinle consists of clayst~ne~ lime= 

stone 9 dolomit e 9 and calcareous arkoses e 

The "Au member 9 the uppermost member 9 of the Chinle i~ composed of 

siltstones and arkosic sandstones o Cross~stratification st.udies in sand= 

stones of this unit indicate that the sediment was derived from the south= 

westo 
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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 volcanic ash and tuffo. These sediments are believed to have been in 

a complex of stream 9 lake .9 swamp 9 and l agoon envirorunentse 

Re cognition of distinctive lithologies in the Chinle Will probably 

permit a detailed str atigraphi c analysis of the Chinleo 

The reldspathic '-orthoquartzites of t he Wingate sandstone are be=-· 

lieved to represent a widespread eolian deposit which accumulated on 

a flat low=·lying plain formed on the upper surface o.f the Chinleo Cross= 

stratification orientation studies indicate that the material was trans-

port ed f rom the northwest o 

PLANS 

In the 1953 field season the stratigraphic studies group will ex= 

tend the regional study to central and east~central Utah (figo l)o Sev= 

eral areas essentially con~leted wil l be revisited to collect additional 

data and to orient new personnelo 

A speci a l detailed study of the Shinarump conglomerate aimed at pro= 

viding an anal ysis of the distri bution and lenticularityas well as a 

better understanding of the relationships to the Chinle formation will 

be ini t i at ed in 1953 o Many of t he areas otherwise completed will be 

revisit ed t o accomplish t he detailed studyo 

A study of the dis t ribution and character of volcanic debris in the 

ore=bearing rocks of the Triassic formations and the Morrison formation 

wil l be started by the sedimentology laboratory" The objective of /:this 

study is to determine the relation of t he volcanic debris to ura:qitun de= 

posits and will include a study of volcanic debris as a precipitating agent 

or as a possible source of the met also / 
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In the winter of 1953-=1954 a more detailed interittt . report will be 

prepared .for transmittal t o the Atomic Energy Cornmissiolto:: 
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