
THE GENERAL GEOLOGY OF HOAB 

VALLEY, MOAfi, UTAH 

by 

WILLIAM DONALD MILLER, B.A. 

A THESIS 

IN 

GEOLOGY 

Submitted to the Graduate Faculty 
of Texas Technological College 

in Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

Accepted 

June, 1959 



cop. 2-
' ACKNOWLEDGMENTS 

I extend my sincere thanks to my co<-worker, Mr. William T. 

Probandt, who gave valuable assistance in the field and laboratory. 

I am indebted to Dr. Richard B. Mattox for his assistance to 

me while doing the field work for this thesis and for his helpful 

criticism as chairman of the thesis committee. 

Appreciation is gratefully acknowledged to Mr. Robert Norman, 

district geologist in Moab for Delhi-Taylor Oil Corporation, for his 

assistance and tine that he gave so freely. 

Finally, I wish to thank Dr. F. Alton Wade and Dr. R. L. 

Davidson for their criticism of this thesis. 

ii 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGMENTS ii 

LIST OF TABLES vi 

LIST OF FIGURES AND PLATES vii 

ABSTRACT x 

INTRODUCTION 1 

Objectives 1 

Methods of Study 1 

Preparation of the Geologic Map 3 
Measurement and Description of the Stratigraphic 

Sections 3 
Previous Work 4 

REGIONAL PHYSIOGRAPHY AND GEOLOGY 6 

Distribution of Physiographic Features 6 

Geologic Setting • 8 

Major Geologic Features 8 

Minor Geologic Features 10 

STRATIGRAPHY 14 

Pennsylvanian 14 

Hermosa Formation 14 

Paradox member . • .~ 17 

Distribution and nature of the Hermosa 
formation 18 

Origin of the Hermosa formation 21 
Age of the Hermosa formation 22 

Pennsylvanian-Permian 22 

Rico-Cutler Formations 22 
Distribution and nature of the Rico-Cutler 

formation 23 

iii 



iv 

Origin of the Rieo-Cutler formation 26 

Age of the Rico-Cutler formation • 27 

Triassie 29 

Moeakopi Formation 29 

Distribution and nature of the Moenkopi 
formation 29 

Origin of the Moenkopi formation 35 
Age of the Moenkopi formation 36 

Chinle Formation 37 
Distribution and nature of the Chinle 

formation 38 
Origin of the Chinle formation 40 
Age of the Chinle formation 44 

Glen Canyon Group 44 

Wingate formation . 45 
Distribution and nature of the Wingate 

formation 45 
Origin of the Wingate formation 47 
Age of the Wingate formation 48 

Jurassic . • • • 49 

Kayenta formation 49 
Distribution and nature of the Kayenta 

formation , . , . . . , , , 49 
Origin of the Kayenta formation 52 
Age of the Kayenta formation 54 

Mavajo formation 54 
Diatribution and nature of the Navajo 

formation 54 
Origin of the Navajo formation 61 
Age of the Navajo formation 63 

San Rafael Group 63 

Carmel formation. . • . . . . • 63 
Distribution and nature of the Carmel 

formation 63 
Origin of the Carmel formation 67 
Age of the Carmel formation 67 



Sntrada formation , , 69 
Distribution and nature of the Kntrada 

formation 69 
Origin of the Intrada formation 71 
Age of the Sntrada formation 71 

^atemary 71 

Unconsolidated Gravel and Alluvium 71 

STRUCTURE 75 

Structure on the East Side of Moab Valley ^6 

Folds 76 

Faulta S2 

Structure on the west Side of Moab Valley ^3 

folds 83 

Faults 83 

Structural Development of Moab Valley ®^ 

GEOLOGIC HISTORY 88 

SUMMARY ®1 

LIST OF REFERENCES ^3 

APPENDIX ^9 

Detailed Stratigraphie Sections ^^ 



vi 

LIST OF TABLES 

TABLE I. GENERALIZED STRATIGRAPHY OF MOAB VALLEY 
Page 
15 

TABLE II. CORRELATION CHART OF THE FOUR CORNERS AREA . . . . 16 



LIST OF FIGURES AND PLATES 

Page 
Figure 1. Index Map Showing Location of Moab 2 

Figure 2, Tectonic Features Adjacent to the 
Paradox Basin 7 

Figure 3, Major Structural Features in the 
Paradox Basin 9 

Figure 4, Colorado River Incised in the Walls 

of Moab Valley 11 

Figure 5, Mill Creek, View Looking East 12 

Figure 6. Paradox Outcrop on the East Side of 

the Valley 19 

Figure 7. Paradox Outcrop South of Ihe Portal 19 

Figure 8. Rico-Cutler Formation, View at the 
North End of the Valley 24 

Figure 9. Moenkopi Formation, View at the North 
End of the Valley . * 31 

Figure 10. Asymmetrical Ripple Marks From the 

Moenkopi formation 33 

Figure 11. Ripple Mark From the Moenkopi Formation 33 

Figure 12. Symmetrical and Cusp-T^pe Ripple Marks 
From the Moenkopi Formation « . 33 

Figure 13. Contact Between the Cutler and Moenkopi 
Formations 34 

Figure 14, Chinle and Wingate Formations Exposed 
at The Portal 39 

Figure 15. Mudstone and Limestone Conglomerate in 
the Chinle Formation 41 

Figure 16. Contact Between the Chinle and Wingate 
Formations in the Canyon of Court
house Wash 46 

Figure 17. Kayenta Formation on the South Side of 
the River in Norman Canyon 50 

vii 



viii 

Figure 18. Cross-bedding in the Kayenta Formation 55 

Figure 19. Crosa-bedding in the Kayenta Formation 56 

Figure 30. Navajo Fomation on the South Side of 
the River in Norman Canyon , 58 

Figure 31* Mavajo Formation on the Southeaat Side 

of Moab Valley 58 

Figure 22. Weathered Surface of the Navajo Formation 59 

Figure 83. Weathered Surface of the Nkvajo Formation 59 

Figure 24. ^int System in the Navajo Formation . , 60 

Figure 25. LaadLnations in Cross-bedding From the 

Navajo Formation , , . , , . » . , , , 60 

Figure 26. Cross-bedding in the Navajo Formation 60 

figure 87, contact Between the Navajo and Carmel 
Formations , 62 

Figure 28, Carmel Formation Bsposed in the North 
•nd of Moab Valley 64 

Figure 29. Creaulated and warped Beds of the Carmel 
Formation , 66 

Figure 30. Contact Between the Carmel and Sntrada 
Formationa 68 

Figure 31* Caves and Pits in the Sntrada Formation 70 

Figure 33. Terrace Deposits, South of Mill Creek 72 

Figure 33. Terrace Deposits, South of Mill Creek 72 

Figure 34. Anticline Beside City Dump Road 77 

Figure 35. Antieline in Southwest Comer of See. 31, 
R. 22 S.» T. 85 S 

Figure 36. Anticlinal-Synclinal Structure, View South 
wen of Mill Creek 

Figure 37. West Limb of Locally Developed fiyndine, 
View Near Courthouse Wash 

78 

80 

81 



Figure 38. Reverse Fault, Bast Side of the Valley 84 

Figure 39. R^v&rso Fault, East Side of the Valley 84 

Plate I. Areal Geology of Moab Valley, Moab Utah In Pocket 

Plate n. Topographic Map of Moab Valley, Moab, Utah . . . . In Pocket 



ABSTRACT 

This thesis provides a geologic Map of Moab Valley and a 

tailed description of the Pennsylvanian, Permian, Triaaaio and JOraeaic 

reeks exposed in the area. Ttee unite consist, in ascending order, of 

the Paradox, Hermosa, Rieo-Cutler, Moenkopi, Chinle, Wingate, Kayenta, 

Navajo, Carmel and Sntrada formations. 

Moab Anticline has been uplifted and eroded three times; (1) in 

the late Permianj (2) in the early Triassie; and (3) in the late Creta

ceous, or Tertiary. 

At least two periods of salt intrusieo have occurred and the 

secondary folds and faults on the limbs of the anticline are due to 

salt intruai«»i and collapse. 



INTRODUCTION 

This thesis is based on a geologic study of Moab Valley, Moab, 

Utah. The area under conaideration is in Grand County, Utah, approxi

mately aeven miles north of the Grand-San Juan County line, along U. 8. 

Highway 160 (See Figure 1, page 8). Hie southern limit is marked by a 

line extending from the southwest comer of sec. 8, R. 81 S., T. 85 8. 

to the southeaat comer of aec. 8, R. 33 S«, T. 36 8. The northern 

limit ia mmrkmd by a line extending from the northeaat comer of sec. 30, 

R. 81 B., T. as 8., to the southeaat corner of aec. 81, R. 81 B., T. 35 

8., and then eastward to the southwest comer of eeo. 83, R. 31 B*, T. 

35 8. The eaatem boundary ia marked by the ^Lioa'a Back** and the weat-

ern limit is the sheer wall of the valley (Bee Plate I, in pocket). 

The field work waa accomplished during the summer of 1958. 

Objectives 

Hie priaAry objectivee of this study include: (1) the prep

aration of a geologic map; (8) oomvilatioa of detailed stratigraphic 

sections; (8) a study of the atratigraphy of the exposed formationa; 

(4) the deaeription and interpretation of the structure; and (8) 

iater^fetatiom of the geologic hiatory of the valley. The final ob

jective consista of combining field and laboratory reaulta with Im-

formation obtained from a aurvey of the literature. 
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Figure 1. Index Map Showing Location of Moab. 
[Modified after Stokes (19:96)] 



Msthoda of Study 

Preparation of the geologic Map 

The base upon which the geologic map was prepared ia the Moab 

4 SB QuadraBgle, Ctrand County, Utah (See Plate II, in pocket). An en

larged reprediietiott by the Baight-Coadley Company of salt Lake City of 

the portion of the map showing Moab Valley was used in the field. Be-

eauae aumeroua errors were found to exist in elevation pointa the base 

map waa uaed only as a guide. 

A photogeologic map of the MDab*16 Quadrangle, Orand County, Utah 

waa uaed aa a referenee. This map was prepared from aerial photographa and 

no field eheeka were made. Determinations of contact locations by meana 

of plane table and alidade survey eatabliahed the fact that many of the 

ICNtatioaa of contacta on this phetogeologic map are in error. 

The telescopic alidade amd the Brunton compaas were used in pre

paring the map. Control, where poesible, waa baaed on section markera and 

bench marks throughout the area. Compaaa traveraea were made where uaeeC 

the plane table was impractiiua. 

Measurement and Description of the stratigraphic Sectiona 

Sectioaa were meaaured on the weat aide of the valley near the 

Arehea Naticmal Monument Bsadtuarters and at The Portal. On the east aide 

sections were aeasured at Mill Creek. 

The lithologic deacriptioms appearing in the appendix are the re

sult of field and laboratory aaalyaea. The thickaeeaea were measured with 

a steel tape aad Brunton oosipaaa. \lhen measuring the sectioos, megascopic 

file:///lhen


deacriptiona were recorded and a sample taken of each unit. Additional 

information obtained from MLcreaeopie examination of the aamplea waa added 

to each unit. 

Division of the section into nualMred units waa made on the 

baaia of lithologic variations, bedding, and color changea. In the 

case of bedding, emly a complete change from one type to another 

waa eonaidered aa a criterion and not that of altematiag bedding. 

The Rock-Color Chart diatributed by the Qeologieal Bociety of America 

waa used ia describing color variationa. 

Previoua Mork 

NO aingle detailed geologic report about Moab Valley haa 

been published, but considerable regional work haa been done and 

information eeneeming the valley is to be found in these papera. 

According to Baker (1:10), Ne«berry waa the fimt geologiat 

to work in the area. In 1869, ten yeara after Newberry'a work, 

Powell made hia firat trip down the Colorado River and recorded 

obaervationa on the geology (1:11). Other early workers in the Moab 

Diatrict worthy of mention are Peale (8:31-101), Cross (3:684-679), 

UB9 (4) and pake (5:66-74). Mono of theae geologists did detailed 

work at Moab, but they viaited the valley and commented on the 

general geology. 

Many prominent geologiata in recent timea have atudied the 

anticlinal atruoturea of the Paradox Basin of which Moab Valley ia 



Prommel (6; 7; 8), one of the major workers, has written 

considerable moterial on the atrueture and general geology of the 

valley. 

A. A. Baker (1; 9; 10; 11; 12; 13) ia one of the better known 

geologists who has worked <m the geology of this area. 

Other woî cers of importance are Oregory (14; IS; 16), 

Harrison (17), stokes (18; 19), Dane (30; 81), Shoemaker (33), and 

Bardley (33). 



RSQXOIIAL PBTSIOGRAPfiy AND OBOLOGY 

Moab Valley ia in the north central part of the Paradox 

Basin, a portion of the Colorado Plateau Province. The Paradox 

Baain, aituated in eoutheaatem Utah and western Colorado, is appt«a-

imately two hundred miles long and one hundred and fifteen miles 

wide (See Figure 8, page 7). 

Distribution of ghysiographic Features 

the Paradox Baain is bounded on the northeaat by the 

Uncompahgre Uplift. Ihia poaitive feature dominated the Permo-

Pennsylvanian teetmiica of the Colorado Plateau and repeated re

juvenation of thia area during Mesoaoic and Cenoxoic time has con

trolled much of the sedimentation in the basin. 

The Four Comers Platform and San Juan Dome border the basin 

to the south and east, the structural development of theae featurea 

follows eloaely that of the Paradox Basin, this airea waa a local 

scNirce for eome of the Jurassic sedimsnts of eaatem Utah. 

The Blending Baain, Monument Upwarp and the Menry Baain 

are three major atruoturea bordering the south and weat aides of 

the baain. In general, the same sedimentation in the Paradox Baain 

ia also represented in these areas. 

To the northwest are the San Rafael Swell and the Uinta 

Baain. According to Dane (81:137), formation of the Uinta Baain 

occurred at the end of the Cretaceoua period and waa the reault of. 

6 
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Figure 2, Tectonic Features Adjacent to the Paradox Basin. 
[Modified after Kelley (24:113)] 



or waa aimultaneoua with, the major folding and uplift of the San 

Rafael and conapicuoua uplift of the Uncompahgre Plateau. 

Oeologic Setting 

Moab Valley is a part of a larger aystem of anticlinal strue-

tures within the Pamdox Basin, this system consists of eight major 

units; Onion Creek, sinbad Valley, Salt Valley, Caatle Valley, Pam

dox Valley, Moab-Spaaiah Valley, Oypaum Valley and Uabon Valley 

(See Figure 3, page 8). 

Major Oeologic Features 

Beginning at the northeaat aide of the basin are the Onion 

Creek and Sinbad Valley anticlines, both trending northeast-south

west. Boechelon to the southwest of these struetures are Bait 

Valley, Caatle Creek Valley and Paradox Valley. Moab-8paniah Valley 

and Qypsum Valley, trending in the same direction, are to the eouth-

weat of the above mentioned atruoturea. Following the same pattern 

and to the south is X4sbon Valley. 

All of theae featurea are antiellnal atructurea believed 

to be due to regional folding, salt intrusion or a oosftiinatioa of 

the two. the general form of the antidinea are cloeely compreaaed 

folds, elongated in a morthwieaterly direction. Theae etructuree 

range from 10 to more than 30 milen in length. Along the anticlinal 

crests and trending parallel to the axia of folding are narrow fault 

trenohea and grabena. In general, these featurea are thought to 



Figure 3. Major Structural Features in the Paradox Basin, 
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have been formed by collapae of the underlying aalt. 

Near the center of this group of anticlines is the igneous 

maaa of the La Sal Mountaina. the tertiary intrusions in the La 

Sals probably have no reletiooahip to the anticlinal atructurea 

of the Paradox Basin. 

the Colorado River, Dolores River and the Green River are 

the only major streams draining the basin, the Colorado, flowing 

through Moab Valley from the northeaat to the southwest, has cut 

the adjacent high walla on both aidea of the valley (See Figure 4, 

page 11). the initial pattern for this stream was begun during 

the Tertiary and it has been superiiqiosed on the older structures 

of the basin. 

Minor Oeologic Features 

Between the major anticlinea of the Paradox Baain are the 

relatively unimportant aynelinal ati^ciures. Beat of Moab Valley 

is courthouse syneline and to the west is Ungs Bottom Syncliae, 

both broad depreasions that are asymmetrical to the east. 

Numeroua perennial stresms are found throughout the Para

dox Baain, but only one flows into Moab Valley, thia being Mill 

Creek (See Figure 5, page 13). the head watem for this youthful 

tributary to Vie Colorado are in the La Sal Mountaina. 

Courthouae tmah, inciaed in the Navajo and Wingate fommtiona, 

ia the largeat intermittent atream flowing into the valley. It 

flowa from the north and enters near the bridge that croaaea the 
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Figure 4. Colorado River Inciaed in the valla 
of Moab Valley. 
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Figure 6. Mill Creek, View Looking Bast. 
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Colorado River at Moab. During the rainy seasons, other small 

intermittent streams flow into the valley. 



rrRATiGRAPav 

The outcropping units in Moab Valley consist, in aacending 

order, of the Paradox (nester), aermosa, Rico-Cutler, Moenkopi, 

Chinle, Wingate, Kayenta, Mavajo, Carmel and Sntrada formationa. 

Table I is a generalised atratigraphic column of the rocka expoaed 

in the valley. 

Bach formation ia eonaidered aeparately with the nomenclature, 

diatribution, nature, origin, and age being discussed in detail. 

Moat of the information contained in this section concerns only 

the stratigraphy of Moab Valley. Other localitiea have been men

tioned when neceaaary for compariaoa or for the fuller understanding 

of a particular problem. The regional aspects of the stratigraphy 

have been treated more fully by William T. Probandt in a theaia 

entitled, 'llegional Oeologic Aapecta of the Moab Valley Area, Orand 

county, Utah.** 

Table II ia a generaliaed correlation chart of the formationa 

exposed in Moab Valley and the oorreapondlng rock unite of the Four 

comers Area. 

Pennsylvanian 

Bermoaa Formation 

Spencer (86:48) firat named the Bermoaa formation in 1899 

from exposures along Hermosa Creek in the San Juan Mountain Region, 

Colorado. In 1944, Baaa divided the previoualy defined Bermoaa 

14 
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TABLS I 

OBNBRALIZBD STRATI€HU»IT OF MOAB VALLBT 

Syatem 

Juraasic < 

Formation 

Bntrada 

Carmel 

Navajo 

Kayenta 

Deaeription 

Sandatone; light red-orange to buff; 
maasive-bedded; cliff former; solu
tion cavitiea along bedding planea. 

Alternating aandstone, siltstone and 
mudatone; medium to dark red-brown; 
thin to medium-bedded; crenulated 
bedding. 

Sandatone and limestone; light yellow 
to buff; maaeive-bedded; weathera to 
rounded eliffa; intricately cross-
bedded. 

Sandstone; rangee from lavender to 
purple to red-brown; cross-bedded; 
thin to maaaive-bedded. 

Triaaaic 

Wingate 

Chinle 

Moenkopi 

Sandatone; light red-brown; maaaive-
bedded; ci^ea-bedded; Jointed; 

fine grained texture. 

Altematiag aandatone, siltstone, 
ehale and eonglomerate; light 
red-brown. 

Alternating aandatone, ailtatone, 
ahale and mudatone; light red-
brown to chooolate brown; ripple 
marked. 

Penney.-
Permian 

Rico-Cutler Alternating oongloswratic, arkoaic 
aandatone and limeatone; rangee from 
purple to lavender to ahadea of red 
and brown, current-bedded. 

Psnaay. Hermosa Alternating limeatone and aandatone; 
light gray to gray-purple; thick 
to maaaive. 
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formation into three units: an upper Hermosa member, the Paradox 

member, and the lower Hermosa member. Wengerd and Strickland (27:2166), 

in 1934, re-naitied the lower Hermosa member the Pinkerton Trail formation 

and gave the Paradox and the Upper Hermosa members a formational status. 

Recently, based on recommendations by the Nomenclature Committee of 

the Four Corners Geological flociety, Wengerd and ifatheny (28:2173) 

introduced the name "Honaker Trail'* to replace the upper Hermosa 

formation. They also suggested that the "Hermosa" be given a group 

status which would include the Pinkerton Trail, Paradox and Honaker 

Trail formations. 

Paradox member, some writers consider the Paradox to be a 

formation [ Baker (1:13), Stokes (18:17; 19:20), Dane (21:25), and 

wengerd and Strickland (27:2166) ] , whereas others regard it as a 

member of the Hermosa [ Borden (29:27), Tumbow (30:66), and Clair 

(31:36)] • the writer did not observe any evidence in Ifoab Valley 
« 

which would Justify considering the Paradox as a separate formation, 

therefore, it is herein regarded as a member of the Hermosa formation, 

a practics which follows the policy of the United States Geological 

Survey. 

The first published description of the Paradox was in 1875 by 

A. C. Peale (2:76). In 1921, Coffin applied the name "Gypsum Series" 

to these deposits when he described them in Paradox, Gypsum and Sinbad 

Valleys (29:27). Baker (1:13), in describing the geology of the llosb 

area, named the gypsiferous series of beds the Paradox formation. The 

type locality for the Paradox is in Paradox Valley, Montrose County, 

Colorado. 
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PJatriimtion and nature of the Henmnia formation, the limita 

of the Paradox oorreapond to that of the Pnradox Baain (See Figure 9, 

page 7). iKimeroua exposures of this evaporite deposit occur in 

Moab Valley, ftm gypsum beds are expoaed on the eaat aide of the 

valley in seotion 6, Range 22 laat. Township 26 South; in the north

east 1/4 of seotion 1, Range 21 £aat» Toenahip 36 south and in aeotion 

36, Range 21 East, Vewnahip 25 South, the only outcrop on the weat 

aide of the valley ia near The Portal, <m the aouth side of the 

river, ttiese introaive masses range in aiae trtm a acattering of 

material to hills that are 150 feet high <&•• Pigorea 6 & 7, page 19). 

the distribution of the Aermoaa follova closely that of the 

Paradox thrc ghout the basin. In Moab Valley, the unit extends 

alCMig the weet wall fr«nii its northern end to beyond the aouthem 

tip of the area. B^^siirea occur intermittently on the eaat aide 

of the valley from Kill Creek to the Colorado River (See Plate I, 

in poeket). The unit la over two hundred feet thick in the road 

out near the Arehea Itetional Monument Headquarters and ia leaa than 

one hundred feet thiek south of the Portal. The thickneaa rangee 

from aero to seventy feet along the east side of the valley with 

the maximni expoaures being in Mill Creek, the post-Cutler and 

poat-MDenkopi eroaional periods removed a oonsiderable portion of 

the formation, just how much of the unit haa been removed ie a de

batable queatioa. Baker (Itaa) contends that where eroaion haa 

oecurred the lover half of the Sermoaa ia all that remaina* 
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figure •• Paradox Outcrop cm the laat Side of 
the VMLley. 

Outcrop Sooth of the Portal. 
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The Paradox member conaiats of iaterbedded salt, gypaum, 

anhydrite, ahaie and limestone, the aequenee of depoaitioo ia 

diffieult to determine from the available outcropa. «Mve the PlHPa-

dox waa obeerved ia the valley, it was distorted and contained large 

amouata of iaterbedded liaestone. Theee maaaea are little mofe than 

a breccia in many plaoea. 

The 4uxtapoaition of the Paradox with much younger formationa 

haa been due to intruaion in most instancea. Bvidemce of thia im-

truaive nature ia borne out by the diatortioa of the Hermoea into 

grotea(|ue "rubble pilea.** Along the weat wall of the valley on 

the Bovizh side of the Colorado River, the Hermoea haa been thoroughly 

uprooted, overturned in eome caaes, and cevered by the gypaum. 

In the theaia area, the Bermoaa formation oonaieta mostly 

of iaterbedded limeatone, eandatone, and ahale. the limeatonea 

are thin to aaaaive bedded, cherty, and contain abundant crinoid 

atema, brachiopods, and horn corals. The sandatonea range frea 

tan to gray-green, are ailty near the lever portion of the onterep 

and becoMO arkoaic near the Rico-Hermoaa contact. Tsn to gray-green 

ahalea, ailtatcnea, breeciated limeetones, and conglcmeratea make 

up the remainder of the expoaed eectiema ia Moab Valley. 

m eome areaa of the Paradox Baain the asrmoaa-Rico beundary 

haa been aelected on paleontologieal evidence. The aermoaa im 

tain areas contains abundant braehiopoda and few pelecypoda and 

the Rico, on the other hand, containa numerous pelecypoda. The 

contact in Moab Valley vaa aelected en the baaia of lithology. 
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The Hermosa-Rioo boundary is gradational in the expoaed areas on 

the weet side of the valley. A slightly arkoaic, maaaive-bedded 

aandatone crops out near the upper portion of the formation. Above 

thia bed is a zone of interbedded aandetone, shale and limeetooe. 

tho top waa selected on the baaia of the laat listeatone bed in thia 

sequence. Above the uppermost limestone bed are auccessions of 

arkoaic, conglomeratic sandatonee that are purple tonaroon colored, 

which ia typical throughout the Rioo-Cutler. The Rico-Cutler haa 

been removed on the east side of the valley and here the Bermoaa 

is overlain by Triaaaic beds. 

Origin of the Mermeaa formation. The limeatonea of the Her-

nosa were derived from marine waters as shown by the abundant marine 

fauna preaerved in the expoaed strata in the valley. However, greater 

difficulty is encountered in poatulating the origin of the claatic 

portion of the formati<m. 

Wengerd and Strickland (27:2194), through lithofacies stu<Ues, 

indicate that the greater part of the claatica of the Hermosa cams from 

the San iMlm positive area and the related Uncompahgre Uplift. They 

believe a amaller volume of the elastics were derived from the Defiance-

Zuni poaitive area and other smaller western and northern sources. 

?>ane (21:37-38) euggests that the daatics were derived by ero

sion from a land mass which corresponds roughly with the present west-

e m margin of the Uncompahgre Plateau. 

Herman and Sharpa (38:79) are in agreement with other writere 

in that the aouree areaa are the Defiance, Uncompahgre and san Rafael 

areas. 
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^iigord and i^itheny (28:2102) say the elastics came from the 

Tlneoifipah§:re-San Lul9 Highland to tho northoast and fron the Zuni-Defi-

anc^-Xaibab-Rmery positives on the south, southwest, and west. 

The elastic sediments derived from these sources were deposited 

in a shallow marine environjoent. After deposition of the evaporite ee-

luenees, an encroaohi<[ig sea sustained itself over the aurea, except for 

occasional fliictnations. Rvidence for this is borne out in the marine 

limestones, shales, and sstndstones. The parallel-bedded character of 

some of the sandstones} and shales with no visible lateral t;iinniag, 

coupled with relatively fair sorting, suggests this origin. Svidence 

for the occaslorisl fluctuations ar^ the coarse, irregularly bedded ar

koaic aandstones and conglomerates. These featurea are strikingly evi

dent in the beds in the upper-middle portion of the section. 

Age of the Herrtosa formation. Ifuioerous â se determinationa of 

the Hermosa formation have been made from the abundant invertebrate 

faunas represented. Rarly studies by G. H. Oirty establiahed the Penn

sylvanian age of the Hermosa formation and later studies by Baas (33:7) 

and Hsylnun (34:8188) have determined the age as Dos Moines to Virgiliaa. 

Pennsylvanian-Perialan 

Rico-Cutler porm&tions 

The term "JSico" waa firat uaed in 1899 in southwestern Colorado 

by Croaa and fencer to define a aeriea of redbeda containing foaailif-

eroua limeatonee lying between the Hermoea and Cutler formations (38:81). 

the type locality of the Rico ia in the Rico Mountaina, Colorado. 
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According to Dane (21:38-39), the Cutler waa first differenti

ated aa a formation by Croaa in 1905. It waa aeparated in the San Juan 

Mountaina from the overlying Triaaaic redbeda on the evidence of an 

angular unconformity and waa proviaionally referred to the Permian be-

cauae of ita conformity with, and tranaition into, the underlying Rico. 

In later yeara. Baker (9:17) divided the Cutler, in ascending order, 

into the Halgaito Tongue, Cedar Msaa, Organ Rock Tongue, De Chelly 

Sandatone, and the Boakinaini Tongue. 

There haa been some question whether to call the Rico a aepar-

ate foz«ation, a baaal faciea of the Cutler (27:2190), or to even con-

aider it aa a mappable unit (33i81). Msat vritera now conaider it a 

aeparate formation in some localitiea and a part of the Cutler in othera. 

South and west of Moab the diviaion between the two haa been made at 

the top of the Shafer limeatone. In other localitiea, it ia choaen at 

the top of the higheat known foaailiferoua limeatone in the Rico-Cutler 

aequenee. The Rico-Cutler ia undiffereotiated in the theaia area. 

Dietribution and nature of the Rico-Cutler formation, the Rico-

Cutler waa depoaited throughout the preaent limita of the Paradox Baain, 

but much of the material was removed during the post-Cutler erosional 

period. 

At Moab, the Rico and Cutler formation (See Figure 8, page 24) 

ia expoaed along the weat wall of the valley. The unite ahow a thick

neaa of five hundred feet to the north, in eectione 20 and 21, Range 

21 Beat, Townahip 25 South and, to the aouth, the formation ia nonex-

latent in section 88, Range 21 gnat, Townahip 25 South, this is not 
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figure 8. Rico-cutler foramtion. View at the 
Itorth xnd of the VUley 

»%*- 1 I'wm^^rr* 
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due to non-deposition, but to an erosional unconformity, aa seen in the 

west wall of the valley. 

the lower portion (Rico) of the unit at Moab ia coiq^aed of 

iaterbedded aihriae limestones, arkosic conglomerates, micaceous aaad-

stcNBoa, siltatones, and shales. The upper portion (Cutler) consista 

mainly of interbedded sandstones, siltstones, mudstones, and ahalea 

with lesser amounta of arkoaic material. 

Varioua colors have been used to describe the Rico-Cutlcr 

formation. In Moab Valley, the arkoaic beda are predominantly purple, 

maroon to red and the siltstones and mudstones are a deep red to red-

brown, the variationa in oolor are well delineated by the expoaurea 

a few hundred yards northweat of the valley, toward I4ttle Canyon. 

Here the predominant oolora are a deep red to maroon with minor ahadea 

of purple and gray^-maroon. 

The sandstone beds of the Rico-Cutler altemate from a fine 

grained, ailty, thin bedded unit to arkosic, conglomeratic, massive 

beds. All of them contain abundant mica and feldspar, the feldapara 

are moderately fresh and ahow only alight evidence of long travel. 

Striations on some of the plagioclaaea are eaaily observed, the lime

stones are light gray to tan, medium to thick bedded, and foaailiferoua. 

the fosaila become leas abundant toward the top of the aeetion. 

The lower part of the section is eharacterised by current bed

ding, channeling, lateral thinning, and lenticularity of the bode, few 

of the claatic beds above ailt aiae can be traced laterally for any 

diatance without a complete faciea change. Textural changea are very 
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abrupt in some instances and in others graded bedding is predominant. 

There is a aoticenble change between the character of the aedimenta 

in the lo\ror portion oi the aeetion and those near the McK>nkopi-Cutler 

contact. In the upper portion, the coarse grained, highly arkoaic aand

stones give T̂ay to finer grained, silty sandstones, mudstones, and shalea. 

Taoiie aediaeiits ahow leas lateral variation in bedding than those near 

lUe middle and bottom. 

1%te Rico-Cut lor ia conformable wicU the underlying Hermosa for

mation and is unoonformably overlain by the Moenkopi formation. 

Origin of the Rico-<utler formation, t^ere is little diasension 

among workers of the Paradox Baain concerning the provenance of the 

Rico-Cutler aedimenta. According to Baker (1:29), Stokes (19:14), Dane 

(81:87), and fleraaa and Sharps (32:81), the sediments wore derived from 

the Uaccwipahgre Uplift to the eaat. This inference was made on the 

grounds that the sediments become coarser toward the east snd the forma

tion thins toward the west. Abundant feldapar and mica give evidence 

of an igneous source area. 

there is disagreement among writers regarding the environment 

of deposition. Stokes (19:27) believes the sacistones are eolian and 

that the ailtstones are plays lake deposits. In contradiction to the 

eolian theory. Baker (1:10) citea a continental and marine origin for 

the dastica. the fosaila that have been found in the limestone beds 

definitely coafirm a marine origin for them. 

the writer found evidence to support the contention that the 

daatics, at leaat in Moab Valley, are continental depoaits and are 
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fluviatile in nature. Kvidence offered in support of a fluviatile ori

gin ia as followa: (1) currimt-type cross bedding exhibited eapecidly 

in the lower-middle portions of the formation; (8) very irregular beds, 

thickening and thinning laterdly; (3) numerous gravel and oonglOBcrate 

lenses; (4) frequent MUd lenses in the finer dastica; (5) frequent 

textural variations; and (6) grains rounded, frosted, and poorly sorted, 

the rounding, frosting, and poorly sorted materid codd eaaily occur 

under other conditiona, but theae are commonly found in atream depoaita. 

theae featurea merit attention because they are prevdent in the Rico-

Cutler beda in the thesis area. 

the site of deposition of the lower Rico-Cutler appears to have 

been that of a piedmont alluvid pldn with the u^Mir aediments of the 

formation being laid down in a vdley flat type of environment, thia 

poatulated aequenee of depoaition ia ahown by the decreaae in laterd 

thinning and thickening, the decreaae in consiateney of cxt>as-bedding 

and leas frequent teartnrd variations toward the t<^ of the aeetion. A 

lowering of the source area with a correeponding decrease of source 

materid ia evidenced by the decrease ia arkosic materid toward the 

top of the aeetion. 

Age of the Rico-Cutler foroation. the Rico was referred to the 

Permian when origindly deacribed by Spencer. Baker (10:793) quotea 

Q. H. Oirty as agreeing with Spencer, but on the basis of later and 

better collectiona Oirty haa given the formation an upper Psnnsylvadaa 

age. However, later Qeologieal survey parties found fossils in the Rico 

that were determined to be Permian ia age. 



Henbeat <Ma339> discoverwd Bisdinida CI»itidtea ap.) from 

the Bic» of the Msab regiom that imdieatea aa upper t^samaylvMiiaa age. 

Ms cimdtHied that the type Rico Is of ties a»i»ea age amd the tfttasiticn 

fades of ttm Rico rises in tisie toward the weat and aouthweat. this 

wDdd give the a«s of the Rice of WMI^ V d l ^ aa late nee Moiaea or 

peaalbly HIasourifla or Virgiliaa. 

R d d C86t30) saya that atratigraphic and fossil evidamce sur* 

gesta that the Rico ia upper Psmnaylwamiaa in age. flsnaan amd Sharps 

(33:81) believe that tl&e Rico ia PnHMylv>a.:̂ '̂ i:«Psniian ia age. 

HsBgerd and stricklaaa C8Tt8190) have dabormted on the subject 

and they believe that d l of the cutler fonnitica ia early to midde 

Permian in age. ^cording to thea, sufficieotideontolc^icd evidence 

is at hand to &am^9X that tho gr^ ater part of the Cutler ia of wslfeaap 

a^e. They con^ia^- the Rico ass is Nkisd aariae fades of the Cutler; 

theref^Mre, tha Rico portion of the formatioa ia pea-ioifcamp. V» CCOF* 

plicate tha quaaticm more, tUrabow (80:68) gives tha age of the lower 

Catler (Rico) as INMUU^lvaaiaa. 

TliM*a haa been dmoat aa auc4 coatroveray over the age af the 
v' 

Cutler as there haa bean over that of the Rico, l̂ iea croes originally 

daacribad the foraatioa, ha gave it a ferdaa sge. In 1933, PrascNil 

(6:888) gave the age of tha Cutler aa Pardan. Tw yeara later. Baker 

(1:38) add the a«a of tha Cutler codd be daterdned ody by tha age 

of the aodoaii^ aediaMnta. He gave th«qc« of the Rico as Psrdaa 

aad tha overlying MDanimipi aa Triaaaic, therafore, the Cutler attat be 

upper Psrmiaa or paaaidy lower nriaadc (?)• 
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Other workers giving the age af the Cutler aa Psrdan are t^im-

bow (30:68), Herman and Sharps (33:81), and Wsagard and Strickland 

(37:3190). 

T»iaasic 

Msaaliopi formation 

The first geologist to work on the Moenkopi formation was Mar-

^Mi, in 1858. Three yeara later, J. S. Hewberry uaed the name "ktod 

Sandatone formation" of the "Sdiferooa Seriea** for the same formation 

(37:4). Later, Powell introduced the name flbinaruap group to include 

thia and the two overlying formationa, referring to the Moenkopi part 

aa the **Lower Portion" (37:4). In 1880 Wdcott (38:331-335) separated 

the Moenkopi portion from the rest of the Shinarump group and referred 

to it as the '*Uppar Perdan.** Twenty one yeara later. Ward (38:408) 

auggeeted the term *>|oencopie." thia name haa been continued by d l 

later geologiata, but d t h a change in apdling. Oregory (15:3), in 

1817, firat uaed the preaent accepted form of Moenkopi. Recent atudiee 

by Shoemaker have read tad in a diviaion of the Moenkopi formation into 

three membera; the lower, d d d e , and upper. 

PiatributiMi and nature of the Moenkopi formation, the Moenkopi 

formation conaiata of a wedge of aedimenta that ia thickeat to the north

weat and thine aoutheastward to a vaniahing point in weatem Colorado, 

eaatem Ariaona and weatem New Mexico (87:76). the formation thins from 

approximately 2,150 feet near the weatem aide of the plateau to a thin 

edge near the Uncompahgre Uplift (37:11). the formation ia not continuoua 
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throughout ita extent, for it ia abaent on the anticlind create in the 

Paradox Baain as a reault of post-aoenkopi erosion. 

The only Moenkopi outcrop at Moab ia on the west side of the 

vdley, north af the Colorado River (8ee figure 9, page 31). the for

mation attdns a thickneaa of approxiaatdy 350 feet near the Arehea 

Hationd Monument Headquartera, and thins laterdly in both directiona 

due to eroaion. Hear the Portal it has been completely removed, and 

northweat of the theaia area, in Seven Mile Canyon, it ia much thinaer 

than the norad aeetion. the Moenkopi was deposited east of the anti

cline, but doea not outcrop on that aide of the valley because of erosion 

in post-Moankopi time. 

The Moenkopi consists adnly of interbedded silty sandatonea, 

ailtatones, snd shdes with subordinate coaglomeratea, limestones, and 

mudatonea. A majority of the aandatonea are red-brown to chooolate brown, 

fine to very fine grained, and thin to medium bedded. A ailty matrix waa 

coamon among nearly d l the aamplea exadned. Ripple marka and current 

ladnationa were obsemrad in many of the aandatonea. 

the dltatooaa ahow about the aame characteriatica aa the aand

atonea. These rocks are heavily iron atained, thin bedded, and are red-

brown to chocolate brown. Ripple marka aad ladnationa are dec ooaaoa 

in these rocks. One locd bed of eoagloaarate contdned well rounded 

quarts grains, limestone pebdes, feldspar and doa. the fact that the 

materid contained in the bed ia very common in the underlying Cutler, 

ia evidmce that thia bed is a baaal conglcaarate on the eroded axirface 

of tha Cutler formation. 
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figure 8. Moenkopi formation, Viev at the North 
ind of the Vdley. 
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The most conspicous sedimentary structure contdned dthin the 

Moenkopi is the well preserved ripple marks (Sac figures 10, 11 and 18, 

page 83). aymmetried, aaymmetried, cuap-type ripplea, and ripplea 

auperimposed oa ethers are abundantly preserved. Current laminations 

were alao found in many of the aandatonea and ailtatcnea. 

The Moenkopi reata upon the beveled surface of the Cutler with 

an angular dscordance of approximately five to aeven degreea (See fit-

ure 13, page 34). The eroaiond aurfaoe of the Cutler ia except load ly 

amooth, and tha only ready evidence of an uaconfordty is the angular 

diacordance of the mideiiyiqg atrata. According to Dane (31:83), this 

pre-Moenkopi erosimid surface waa produced by aarine planation. Bvi-

daace given by him for thia ia the even ccmtaet between the Cutler aad 

Moenkopi, and the truncated tope of locdly folded beda. Rlaewhei^ he 

atatea (31:58) that the flat aurfaoe may be due to "coaatd-plain" pone-

planet ioa. uoagwdl (40:106) aaya that channeling in the weatem part 

of the ragioa aume^ta a aubaerid eroaiond aurface. Bvidence in Moab 

Vdley aunM^rta Bane's auggastioa of possibly a coaatai-pldn type of 

peneplanation. 

The upper contact ia leaa evident than the lower one. the litho-

Icgied aidlarity of the Chinle and Moenkopi formationa givea a grade-

tiond nature to the contact, the boundary, in the area where the sec

tion waa meaaumd, waa aelected adnly on oolor change. The Chinle ia 

predominantly a red-brown color and ia only dightly dstinguishable 

from the underlyiag sediments of the Moenkopi. the oontraat in oolor ie 

leaa evident nearer the contact than in the dddle portion of the two 
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figure 10. Aaymmetried Rim>la Marka from 
the Moenfc^i formation. 

figure 11. Ripple Mark 
mation. 

from tha Moenkopi for-

figura 13. Syametrical and Citap-Tfpe Ripple 
Marks Wnm the HoMikopi for-
aation. 
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figure I S . C«<i4.«'̂ t aoiween the Cutler and 
Moenkopi format ion. 
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formations. When observing the two formations from a distance, the 

color contrast is more conspicuous. 

Origin of the Moenkopi formation. A multiple source area has 

been postulated by most geologists familiar with the Moenkopi strati

graphy of the Paradox Basin. McKnight (41:61) says the source was from 

the north or northeast. Stokes (42:79) says that western Utah and 

Nevada were sites of marine deposition of the Moenkopi, and to the east 

clastic sediments were supplied to the Moenkopi sea by the Uncompahgre 

Highland. Workers agreeing with stokes are Dane (21:52), McKee (37:25), 

Stewart and smith (43:25-33), and Stewart (44:88-89), 

In postulating the environment of deposition of the Moenkopi, 

the marine fades to the west (Sinbad member), and the coarse clastic 

fades to the east, will not be considered. Nearly all geologists agree 

that the redbeds of the Moenkopi, in the salt anticline area, were de

posited on a broad, flat, flood plain that sloped gently toward the west 

and northwest. No one was found to believe in a complete marine environ

ment. McKee (37:78) suggests that these sediments were the product of 

a mixture of environments, including shallow-sea, delta, lacustrine, 

playa lake, flood-plain, and probably various others. Bvidence for the 

origin of some of these types is definite; for others it is not clear. 

McKee (37:28) found evidence of continental deposition in the Moenkopi 

in the form of (1) ripple marks; (2) mud balls and clay-pellets, common 

in the massive siltstones; (3) shdrinkage cracks; (4) mud cracks; (5) foot 

prints; (6) gypsum beds and lentils; (7) rain pits; (8) casts of sdt 

crystals; (9) the lensing character of many massive sandstones and 
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Siltstones; and (10) marked variations both verticdly and horiaontdly. 

In contrast to the evidence cited for oontinentd deposition, he out

lined criteria found in some parts of the formation that auggeats marine 

acoumdatlon. theae ware; (1) bade closely associated with unquestiim-

ably marine limestones; (3) long, even bedding planes; and (3) wall-

sorted detritd aedia^ta. Accordng to hia the vdidity of the laat 

two are highly debatable. 

Bvidence collected by the writer aupporta a dxed continentd 

and marine depodtiond enviromaent. This, in generd, ia in line dth 

the previoualy diacussed ideas, these criteria are (1) abundant ripple 

aarka; (3) pelleta found near the surface of ripd* aarka; (3) stringers 

of gypsum; (4) current ladnationa; and (5) mud craeka. Current and 

oadllation ripple marka, of the kind found in the fomation, may be 

formed in nearly any type of aqueoua environment and probably cannot be 

used as coacluaive proof of a apedfic origin, the well aortad jutture 

and fine grdned characteristic of the Moeakopi eediments in the vdley 

are iatarpreted as evidence of depoaition in quiet bodice of water. 

The delicate laainatlona in the ailtatcnea are dec evidence of depoai-

ticm in quiet watera. All of these aay have bean formed in widespread 

lakes or, as suggested by other authora, they ntay be tidd flat depoaita. 

the laainated, pardldiam of the beda point to depodtion on a flat 

flood pldn type of surface. These beds also give evidence of the lack 

of turbdence in the transporting medum. 

Age of the Moenkopi format ioa. The age of the Moenkopi fomation 

waa a aubject Qt coatroveray for many yearn, largely because dagnoatic 
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fossils were not found in it. the fonuition was fimt mferred to the 

Triassie by Marcou, and to the Perdan, by Newberry. Powell and Oilbart 

aaaigaed the Moenkopi a "JUra-Triae" age, and Button mfermd it to the 

Perdan or lower Triassie (37:10). On the basis of marine foaaila, 

Wdoott (38:145) decided that the foraation waa upper Perdan. Other, 

earlier workers in agreement dth Wdoott am Huntington and Ooldthwait 

(45:46-63), Î e (46:359-375), and Oresory (47:434-438). Shimer, in 1919, 

(48:493-497) re-established the Mo^mkopi as Triaasic, and subsequent 

collactiona by Reeside and Baaaler (49:88-62) have confirmed thia age. 

Chide foraation 

the name *tchide" waa proposed by Qmgory (15:48) for the red-

beds outcropping ia Chide Vdley, Ariaona. Prior to this, it had been 

included in the Shinarump Group, a name proposed by Powell (37:4). 

Later workers have broken the Chinle into seven meabers. These are, ia 

ascending order, the Temple Mountda, Bhinaruap, Monitor Butte, Moaa 

Back, Petrified fomst. Owl Rock, and church Rock aembera. According to 

Stewart (50:449), the Church Rock ia the member of the Chide formation 

that is represented in Moab Vdley. the Shinarump appeara in the area, 

but it was not mapped as a aeparate udt. It piachea out Juat inaide 

the theaia area, and it is herein included in the Chinle formation. How

ever, the coaglomerate bad increaaes ia thickneaa northweatward, and ia 

clearly viaible ia Little Canyon and Seven Mile Canyon. Rspoaurea 

ware dec acted northeast of the vdley dong the canyon of tha Colorado 

River. 



PiatributioB and nature of the Chide format ion, the Chinle out

cropa ddaly ia anatheaatem Utah and adjacent parte of Ariaona, New 

Mexico and Colorado, the foraation outcropa at Moab, on the weat and 

eaat aidea of the vdley (See Plate I, in pocket). On the weat aide it 

ia expoaed from one end of the area to tha other, the aeetion ia 435 

feat thick at tha Portd, as meaaured on the north aide of the river, 

aad it thina aorthaaatward to where it ia appraxiaately two huadrad 

feat thick at the aad of the theaia area. Thia variatioa ia tdekneaa 

ia due to oalap aad intemd thinning, the internal thindng ia notice

able, aapaddly in a promiaeat black aaadstone ledge that runs the 

length of the vdley. Oa the eaat aide of the vdley, tha foraatioa 

crops out ia section 37, Range 31 Beat, Vowaahip 35 South, and the ax-

poaure contiauea to the aouth to aeetion 35, Range 31 Beat, Townahip 

35 South. Tha aaxiaua thickneaa on thia aide of the vdley ia approxi-

aataly 75 feat. The thinnaae ia due to non-depoaition. 

The Cdale foraation ia oosipoaed of interbedded aandatone, silt-

stone, widatcne, ahde and liaeatoae (See figum 14, page 39). the 

claatic portlOB of the foraation raagea fr«a a deep md-brown to purple 

to dne, and the non-das tics am variegated md-brown to gray-green. 

The gray-green apota ia some of the beds am (hie to the weathering of 

organic aaterid. The aaadatoaaa am aoatly fiaa grdned, ailty, 

heavily iron ataiaad, aad am thia to thick bedded, theae aandatone 

beda grade into tha ailtstonea dth a cormapcmdiag change froa thick 

to thia beddiag. Moat of the beda am aicaceoua. 

An intematiag featum of the foraation am the highly fractured 
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figure 14. Chiale and Wingate foraations Bx-
posed at the Portd. 
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mudstone and limestone conglomerates that weather out to balls (See 

figure 15, page 41). These beds are very hard and are thoroughly frac

tured. 

I^e angular discordance between the Moenkopi and Chinle forma-

tions is shown in the west wall of the valley. On the east side of the 

valley the Chinle rests unoonformably on the Hermosa formation. The upper 

contact is conformable in Moab Valley (See Figure 14, page 39). The 

only place in the valley where a possible disconfordty was noted was 

in Courtliouae Wash (See figure 16, page 42). the writer believes, 

however, that this is insufficient evidence of disconfordty because 

auch a surface could easily be found in a tranaitional zone between 

fluvial and eolian depoaits and the other areas observed throughout the 

valley are conformable. Evidence of angdar unconfordty was noted be

tween the two formations north of the valley in Seven Mile Canyon. How

ever, this angular dscordance was of a locd nature, the contact ia 

not conformable throughout the region for Harahbarger, Repenning, and 

Jackson (51:96) have reported a disconformity in parte of New Mexico. 

Origin of the Chinle formation, three source areas have been 

poatulated for the Chinle. Dane (21:63) believes that the lower portion 

of the Chinle (basal grit) was derived from the old land mass to the 

northeast (Uncompahgre). Stewart (44:91) and wengerd (52:67) have poa

tulated the provenance of the lower portion as the Uncompahgre. Stewart 

and Smith (43:28) believe the remainder of the Chide was supplied from 

the south or west rather than from the east. 
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figure 15. Mttdstone and Limestone ooaglOMmte 
in the Chide laraatica. 
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figure 16. Contact Between the Chinle and Wingate 
formations in the Canyon of 
Courthouse Wash. 
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A question also exists concerning the environment of deposition 

of the formation. According to Dane (21:63), the Chinle formation rep

resents deposition wholly under continental conditions, as shown by 

its fauna, and the physical nature of the sediments that form it. He 

gives as evidence; (1) the fossils collected (Pelecypods and Gastropods); 

(2) siliclfied wood; (3) the lateral variation from sandstone to shale; 

(4) absence of regular horizontal bedding, but common occurrence of 

cross-bedding and mud cracks in the more sandy beds; and (5) the abim-

dance of the peculiar mud-pellet and limestone-pellet conglomerate. 

Dane further states that the "basd grit" probably represents the rela

tively rapid removal, and redepositlon of a mantle of subaerially weath

ered and decomposed rock. Stokes (53:91-98) says the conglomerate of 

the Chinle is a fossil pediment. 

Baker (1:40) has written that fresh water fossils collected near 

Moab show the Chinle formation to be a continental deposit and that the 

character of the sediments and bedding indicate a fluviatile origin. He 

suggests that perhaps some of the finer-grained sediments accumulated on 

flood plains or in lakes. Other workers in agreement with a fluvial 

origin for the Chinle are Stewart and Sdth (43:28), Stewart (44:90-91), 

and Beaumont and Read (54:51). 

The writer found evidence that at least a portion of the Chinle 

is continental in origin. This evidence is fossil wood and vertebrate 

remains. In addition, substantial evidence was found in the northern 

end of the area to support the theory that the clastic portion of 

the Chinle represents fluviatile deposition. This evidence is 
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(1) cross-stratification of the sandstones; (2) ripple ladnations; (3) 

local conglomerates; (4) mud-pellet conglomerates; (5) coarseness of the 

sediments; and (6) irregular bedding. Evidence found in the section 

measured at the Portd further implies that deposition may have been on 

a flood plain or deltaic plain, the strata are more unifordy bedded in 

this portion and the chert conglomerate and gritty material of the lower 

Chinle were not observed. The possibility exists, however, that the 

gritty material may have been conceded in the covered intervals, the 

sediments are decidedly finer-grained in the southern portion of the 

area, this is evidence that a portion of the Chinle was deposited in 

a standing, quiet body of water. As suggested by Baker, the limestones 

in the formation could repreaent deposition in shallow lakes that re

mained on the flood plains. 

Age of the Chinle formation... Baker (1:41) cites Camp*s collec

tion of phytosaur remains from the Chinle at Moab as evidence of a Tri

assie age. According to Baker (1:41), Camp's collection of ganoid fish 

scales and bones from the Chinle on the cliffs due south of Moab are un

questionably Triassie in age (1:41). McKee (37:39) quotes L. H. Dougherty 

as saying that fossil plants in the Shinarump indicate a late Triassie 

age for the Chinle. 

the imited States Geological Survey considers the Chinle to be 

upper Triassie in age and it is considered as such in this report. 

Glen Canyon Group 

the Glen Canyon Group, formerly the La Plata Group, consist, in 
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ascending order, of the Wingate, Kayenta, and Navajo formations, the 

name Glen Canyon Group was proposed by Gregory and Moore (16:61) from 

the type locality in the Glen Canyon of the Colorado. Portions of the 

group are found in southeastern and western Utah, western Colorado, 

northeastern Arizona, and New Mexico (55:131). ttie group is conform

able in the thesis area although McKnight (41:76-77) and others have 

reported an erosional surface between the Wingate and Kayenta in various 

localities. 

Wingate formation. The lower formation of the Glen Canyon Group 

was named by Button in 1885, from exposures north of Fort Wingate in 

northeastern New Mexico (13:4), The usage was extended over a wide area 

by Darton and Gregory, and subsequently over much of eastern Utah, north

eastern Arizona, and western Colorado. Baker and Dane (56:1664-1669) 

since then have discovered that the original type section is correlative 

to the Sntrada sandstone. Recently, HSrshbarger, Repenning and Others 

(57) have divided the Wingate of northeastern Arizona into the lower, 

Rock Point member, and the upper, Lukachukai member. The Rock Point 

member in Arizona is correlative with the Chinle of Moab Valley, and 

the Lukachukai member is the same as the Wingate of Moab. 

Distribution and nature of the Wingate formation, the Wingate 

sandstone is distributed throughout southern Utah, southwestern Colorado, 

and the fy>ur Corners Area (55:131). Surface exposures at Moab occur on 

both sides of the valley throughout the area (See Plate I, in pocket), 

the thickness on the western side of the valley is approximately three 

hundred feet, as measured at The Portal. On the east side the thickness 
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is two hundred feet, as measured in Mill Creek. 

Most workers in the area consider the Wingate as all the massive 

bedded sandstone between the slope fordng shales and sandstones of the 

Chinle, and the thick bedded sandstones and limestones of the overlying 

Xhyenta. This is true, but where does the Chinle cease and the thick 

bedded sandstones of the Kayenta begin? The lower contact is gradation-

al, with the interbedded shales and sandstones of the Chinle grading into 

the sandstones of the Wingate (See figure 14, page 39). the boundary 

was selected where the first massive sandstone was encountered, going 

up section, the upper contact is also gradatlonal into the Xhyenta for

mation. An attempt was made by the writer to determine the exact bound

ary between the Kayenta and Wingate formations in Moab Valley. Careful 

sampling of one hundred feet on either side of the arbitrarily selected 

contact was accomplished in both Norman Canyon and Mill Creek. Subse

quent deroscopic studies, coupled dth notes taken in the field, re

vealed the complexities involved in selecting a precise boundary. The 

aamplea collected at the Portal saowau aai occurrence of mud and clay 

pellets throughout the Kayenta, whereas a lack of these pellets were 

observed in the Wingate. Cm the basis of variations in color, texture, 

and bedding, and the presence or absence of pellets, a definite "probable 

contact" was chosen, this contact is designated as probable because the 

samples examined from Mill Creek failed to substantiate the suspected 

discovery. 

the manganeae stained, vertically Jointed sandatonea are 

the most striking feature in the vdley. the formation consists 

of interbedded sandstone throughout the rest of the unit. 
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The strata are clearly cross-bedded and exceedingly massive in places. 

There seems to be no apparent bedding throughout the formation, but on 

closer examination flaggy bedding is noticeable, ttoe constituent grains 

of the sandstones are predominantly fine; iron stained, well rounded 

and frosted, the predominant color of these sandstones on the west 

side of the valley is a distinct orange-red. On the east side, where 

the strata have been subjected to faulting and close folding, the change 

is to a variegated red, orange, yellow and tan. 

Jointing is a typical characteristic of this formation (See 

Figure 14, page 39). The massive, homogeneous characteristics of the 

Wingate make it more susceptible to the stresses produced during the 

folding of the rocks. Most of the Joints extend from the top of the 

forBiation to the bottom, the Biain system of Joints trends northwestward, 

and a smaller set trends to the northeast. 

Origin of the Wingate formation. A review of the literature has 

failed to turn up any factual data to substantiate a source area for the 

Wingate sandstone. Stewart (44:92), and Craig and Holmes (55:131) have 

postulated that the source is to the west of Utah in eastern Nevada. 

In contrast, Dane (21:75), and Baker and Others (13:44) believe the 

source area, at least for the finer material, is in Colorado. Insuffi

cient evidence is at hand for the provenance to be deterdned. 

There is less controversy over the environment of deposition of 

the formation than over the source. The writer is in agreement with 

other workers in that the Wingate is a continental deposit, further 

attempt at clarification of the question has led to some disagreements. 
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A majority of the writers on the subject postulated a combination of a 

i 

fluvial and eolian eavironment of deposition. Among those following 

this theory are Baker and Others (12:802; 13:53), Stokes (19:33), Dane 

(21:75), Stewart (44:92), Craig and Holmes (55:131; 60:93), Stokes and 

Holmes (58:35), Momper (59:55), and Longwell and Miser (61:13). 

Bvidence found in Moab Valley suggests a predominantly eolian 

deposit, with the sands and mudstones near the lower contact, being water 

laid deposits. Features discovered in the units measured that support 

an eolian hypothesis are (I) the fine grained texture of the sands; (2) 

roundness of the grains; (3) frosting; and (4) tangential cross-bedding, 

the eolian-type cross-bedding is present in dmost d l of the strata, 

but it is not as well developed as in other formations in the area. The 

lowermost strata show a close relationship to the fluvial deposits of the 

Chinle. these sand grains do not exhibit the frosted and rounded tex

ture of the grains higher up in the formation. Cross-bedding was not 

observed, and the siltstones are unevenly bedded in this portion. The 

mudstones and muddy sandstones are believed to represent water-laid de

posits that are transitional between the underlying Chinle and the suc

ceeding eolian deposits of the Wingate formation. 
- ^ 

At least in this area of the Paradox Basin, deposition of the 

water-laid sediments appears to have ceased by late Triassie time and 

that eolian deposits were laid down for the remainder of the period. 

Age of the Wingate formation. Prior to 1955 the Wingate sand

stone was considered as lower Jurassic in age. Various workers estab

lished this age by vertebrate remains, floral evidence, and stratigraphic 
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position. A change, based on recent paleontologieal evidence, has been 

made by the United states Geological Survey, the Survey now considers 

the Wingate as upper Triassie. 

Jurassic 

Kayenta Formation 

The sequence of rocks known now as the Kayenta formation was 

originally named by Gregory (15:52) as the "^dilto" on the basis of 

correlation with the Todilto limestone of New Mexico and Arizona. 

Subsequent work by Longwell, Miser and Others (61:11) showed the Todilto 

limestone to be much younger than the Khyenta formation, the name 

Kayenta was subdtted in 1936 in place of the "Todilto", by Baker and 

Others (13:36). 

Distribution and nature of the Kayenta fomation. the Kayenta 

is distributed throughout southeastern Utah and is in portions of south

western Colorado, northeastern Arizona, southwestern Utah and northern 

Nevada. In the thesis area it crops out on both sides of the valley, 

from the north end to tho south (See Plate I, in pocket), the Kayenta, 

on the west side of the valley, caps the imderlying Wingate sandstone, 

extends back over a wide step-like flat, and grades into the sheer walls 

formed by the overlying Navajo sandstone (See Figure 17, page 50). On 

the east side of the valley the Kayenta does not form such a prominent 

bench because of the manner in which it is faulted, tlie formation is 

340 feet thick in Norman Canyon. However, there is a possibility that 

some of the Wingate is included in this thickness. In Mill Creek the 

TET.AS TErTTNOT^nniCAL COLLEGE LIBRARt 
M'UliUCiv. TEXAS 
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figure 17. Kayenta Formation on the South Side 
of the River in NOrman Canyon. 
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formation ie approximately 150 feet thick, the unit ia thinaer on thia 

aide of tha vdley becauso of non-dlepodtion. 

The XayMita is prododnently eandatoae with daor portions of 

interbedded mudetone and ahde. The foraatioa exhibita a variety of 

colore varying froa a light gray to ahadea of lavender, purple, and red-

brown. Mudatonea and ahdes are preaent in the lower portion but are 

noticeably abaent ia the upper parte. The eandatones are multi-colored, 

fine to mediuB grained, aub-angdar to "sub-rounded, and contdn abundant 

ahde and and pellete. Theae pellets were found consistently thrcMighout 

the units measumd on the weet side of the vdley. Sidlar ahde and 

mad pelleta were noticed in the Chinle. 

The lower contact ia gradatioad oa both aides of the vdley. Aa 

aentionad previoualy, a atudy wss aade of the boundary, and a "probable" 

contact waa choaen. the upper contact on both sidee of the valley was 

selected oa the bade of (1) color; aad (8) bedding. A rather definite 

color change was noted in Norman Canyon, where the varicolored unite 

of the Kayenta change abruptly to the light yellow to buff of the 

Navajo. On the eaat aide of the vdley the contact was choaen at the 

top of the laat lavender bed in the formation. Thia udt ia a few 

feet below the top of the hogback that forma the vdley wdl and it 

ia relatively conaiateat throughout the area, there waa eome qaeatioa 

concerning the aelectiea of thia bed as the top of the Kayenta, on thia 

aide of the vdley. Unfortunately, faulting haa daturbed the contact 

sone aadng it dfficdt to be more apedfic in the selection. Be-

cauae of the nature of the contact ody a few feet up or down would 
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move the boundary laterally on the map a considerable distance, the 

Kayenta-Navajo contact was observed by the writer in an area to the 

south, known locally as Sam*s Mesa, and an attempt was made to trace 

this back to Mill Creek* This attempt was a failure because of the wide 

zone of faulting between the two areas, and the sand dimes that cover 

the interval, the lavender-colored bed mentioned before is definitely 

very near the contact and probably represents the boundary between the 

Kayenta and Navajo formations. 

Origin of the Kayenta formation. Few writers have ventured to 

suggest a source area for the Kayenta formation. Of those that have. 

Baker and Others (13:44) suggested that an important local source was 

from the east, the Ancestral Uncompahgre Highland of western Colorado. 

Craig and Dickey (62:95) believe the source was from the northeast, in 

southwestern Colorado, their source area is the same as Baker's. 

In contrast to the little information on the provenance of the 

Kayenta, much material was found in the literature concerning the en

vironment of deposition. Both marine and continental origins have been 

suggested. Harrison (17:115) was th<i only writer found to believe in a 

complete marine origin for the Kayenta. Several species of Unio and 

large stems of an unidentified plant collected by Baker and Others 

(10*803) at Cane Springs, indicate that the formation is of fresh water 

origin rather than marine, the continental theory seems to be the most 

acceptable idea, with a fluviatile mode preacribed in most cases. Dane 

(21:82) gives a fluviatile origin for the Kayenta. His reasons are the 

channel filling and slumping of water saturated, partly-consolidated 
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sediments. The finer material is thought to have been deposited as al

luvium from temporary channel overflow. 

Craig and Dickey (62:95) think that the coarser material was 

deposited in channels, the finer materid on flood plains, and the lime

stones in small temporary lakes. According to these authors, the dino

saur bones and freah-water mollusks support a fluviatile theory. In 

summary, workers following the theory of a fluviatile origin for the 

Kayenta are: Baker and Others (13:50), Craig and Holmes (55:131), Stokes 

and Holmes (58:36), Momper (59:57), and Longwell, Miser and Others 

(61:13). 

the Kayenta in Moab Vdley represents deposition wholly under 

continental conditions, and it id both eolian and fluvial in origin. A 

transition from the eolian deposition of the Wingate took place and the 

succeeding deposits of the Kayenta were laid down, predominantly by 

water. Of course, some of the lower beds near the gradatlonal contact 

were surely eolian in origin as were some of the sediments near the 

upper contact. The numerous limestones of local extent and the eolian-

type of cross-bedding within and above the Kayenta-Navajo contact zone 

suggest this origin. Most of the sediments that were deposited within 

the Kayenta are fluviatile in origin. However, it is thought that the 

fluvial environment was not continuous throughout this period because 

of the nature of one of the massive-bedded sandstone units on the west 

side of the valley, t^ese beds are identical with the sandstones in 

the Wingate. All these features are evident throughout the sandstones 

of the Wingate but are not in the Kayenta, except in the beds mentioned. 
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Immediately above this zone are beds of irregular, extraordinarily cross-

bedded sediments that represent reworked sand from the underlying 

deposits (See Figure 18, page 55 and figure 19, page 56). Bvidence 

found in the thesis area to suggest a fluvial origin for part of the 

Kayenta formation ia (1) the current-type cross-bedding; (2) numerous 

mud and shale pellets within the sandstones and shales; (3) the lateral 

variations in thickness of the individual beds; and (4) the frequent 

textural variations in some of the current-bedded material. 

Age of the Kayenta formation. Little evidence has been found 

to assign a definite age to the Kayenta. the main basis of classifying 

the formation as Jurassic has been its stratigraphic position, the under

lying Wingate is considered definitely as upper Triassie, and the over

lying Navajo is Jurassic in age. Some workers have presented evidence 

for a Jurassic age. In recent years, Welles (63:591-598) has dscovered 

dinosaur remains that he believes to be early or dddle Jurassic, t^e 

United States Geological Survey considers the Kayenta as Jurassic (?) 

and it is treated as such in this paper. 

Navajo Formation 

The Navajo formation, formerly called the lower La Plata sand

stone, was named by Gregory (15:56) for the outcrops in Navajo Canyon, 

Arizona. 

Distribution and nature of the Navajo formation, t^e Navajo 

formation is the most widespread formation of the Glen Canyon Group. 

It occurs across southern Utah, northern, central, and northwestern 
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Figure 18. Cross-bedding in the Kayenta Formation. 



56 

Figure 19. Cross-bedding in the Kayenta Formation. 
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Arizona, and in eastern Nevada, this upper member of the Glen Canyon 

Group crops out throughout the thesis area, on both sides of the valley 

(See Plate I, in pocket). This formation forms the upper portion of 

the sheer walls on the west and east sides of the valley (See Figures 

20 and 21, page 58). 

Weathering of the Navajo has played an Important role in shaping 

the topography of the region. Large alcoves, caves, pits, and natural 

bridges have been produced by the action of wind and water (See Figures 

22 and 23, page 59). Weathering has also accentuated the prominent 

Joint system, and the huge tangential-type cross-bedding planes exhib-

ited so prevalently throughout the formation (See Figures 24, 25 and 26, 

page 60). 

t ^ Navajo formation in Moab Valley consists mostly of sand

stone with locally interbedded shales and limestones, the sandstones 

are relatively uniform in texture and color. The sands are light yellow 

to buff, fine to medium grained, sub-rounded to rounded, slightly frosted 

and iron stained. A majority of the samples examined contained a car

bonate cement and most were devoid of any matrix. The limestones are of 

local extent and are repeated, both vertically and laterdly, through

out the formation. The limestones vary from a light gray to a puxple-

gray, are dense, medum-crystalline in texture and have a pitted sur

face, these limestones form resistant caps on ledges that retard the 

erosion of the underlying sandstones. Interbedded in the limestones 

are minor amounts of silty shale and sand. 
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Figure 20, Navajo formation on the South Side of the River 
in NOrman Canyon. 

•/ * . 

Figure 21. Navajo formation on the Southeast Side of 
Moab Valley. 
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figure 22. weathered Surface of the Navajo Formation 

r^^^sTIi 

Figure 23. Weathered Surface of the Navajo formation. 
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figure 36, cross 
-bedding in t̂ « 
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The Navajo-Carmel contact is gradatlonal in Moab Valley (See 

Figure 27, page 62). "Hie only exposure of the boundary is near the 

Arches National Monument Headquarters. 

Origin of the Navajo formation. A multiple source area has been 

postulated for the sandstones of the Navajo. Craig and Holmes (55:131) 

believe the probable source is from the southwest. In contrast. Baker 

and Others (13:44) stipulate that the source, especially for the deposits 

of eastern Utah, are from the northwest. Hoover's (64:64) idea follows 

closely that of Baker in postulating a western provenance. 

Host geologists who have worked on the Navajo consider the sand

stone to be eolian in origin, and the limestones to be deposits of ephem

eral lakes formed on the eolian surfaces. Workers found believing in 

this eolian and lacustrine origin are Baker and Others (10:803; 13:44), 

Craig and Holmes (55:131; 60:93), Longwell, Miser and Others (61:13-14), 

Bissell (65:64), and Braddish (66:52). 

the eolian deposits are classed as such mainly on the basis of 

cross-bedding and texture. Both the tangential-type cross-bedding and 

the fine-grained, uniform texture that are suggestive of eolian deposits, 

are well represented in the formation in Moab Valley, t^e environment 

of deposition of the limestones is rather easy to postulate if one con

siders the information obtained as reliable criteria, t^e lack of fos

sils in the limestones, plus the local extent of the units, suggest a 

fresh-water origin for these beds. 

The lower sandstones of the formation were, in part, deposited 

by water. The gradatlonal nature of the contact with the partidly 
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Figure 27. Contact Between the Navajo and Carmel For
mations. 
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fluvial-deposited Kayenta, precludes any theory that the formation in 

this zone is wholly eolian. the abundance of fresh water limestones 

also supports this. 

Age of the Navajo formation. Little progress has been made 

concerning the age of the Navajo formation since its first discovery. 

Numerous attempts have been aiade by authorities to detezrmine the age on 

the basis of marine fossils (Trigonia), vertebrates (theropods), and 

dinosaur tracks. However, the closest age deterdnation can be made 

only on the stratigraphic position of the formation, the overlying 

Carmel has been described as upper Jurassic, and the next underlying 

formation of known age is the Wingate, The United states Geological 

Survey considers the Navajo formation as Jurassic. 

San Rafael Group 

The San Rafael Group was named by Gilluly and Reeside (67:73) 

in 1928 from exposures in the San Rafael Swell. The group consists, in 

ascending order, of the Carmel, Bntrada, Curtis, and Summerville forma

tions, the only representatives of the group that crops out in the the

sis area are the Carmel and Bntrada formations. 

Carmel formation, the Carmel formation was named from Mt. Carmel 

in southwestern Utah, by Gregory and Moore (16:72). 

Distribution and nature of the Carmel formation, tlie Carmel 

was deposited throughout southern Utah, northeastern Arizona, and south

western Colorado (55:132). In the thesis area, it forms a portion of 

the steep cliff near the Arches National Monument Headquarters (See 

Figure 28, page 64), the Carmel is represented by approximately one 
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' * Of Moab Valley. 
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hundred feet of red, silty sandstone and mudstone. The unit disappears 

below the surface near the road cut where U. S, Highway 160 leaves the 

valley, because of the Moab Fault, and what appears to be a pinchout of 

the formation, t^e Carmel is again cut out a few hundred yards north

east of the road cut. 

the Carmel in Moab Valley consists of interbedded sandstone, 

mudstone and siltstone. tliese strata are thin to medium bedded, excep

tionally silty, and they grade imperceptibly into each other. The sedi

ments are red to red-brown, micaceous, and fine to very fine-grained. 

The Carmel is very easily recognized by the crenulated and 

warped appearance of the beds (See Figure 29, page 66). This crenula-

tion of the bedding is interpreted as penecontemporaneous deformation 

that took place Just before lithiflcation. Other evidence of the pene

contemporaneous deformation is the small faults that are contained with

in the formation, other faults that cross the boimdary into the Entrada 

are thought to have been formed during and after deposition of the over

lying formation. Much of this deformation took place after the deposition 

of the lower portion of the Entrada as indicated by the crenulations that 

grade up into these strata. In addition to the wavy effect that is Ob

tained laterally, textural variations have resulted in the differential 

weathering and the development of alternating roimded ledges and recessed 

areas. The mudstones and siltstones are found in the recessed areas be

tween the more prodnently rounded ledges of the fine sandstones. 

the lower contact is conformable in Moab Valley (See Figure 27, 

page 62). tbe boundary is represented by a sharp break in the lithology 
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figure 29. Crenulated and Warped Beds of the Carmel for
mation. 
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and color of the sediments. The upper contact is abrupt, both in color 

and lithology. this boundary is also conformable (See Figure 30, page 68). 

Origin of the Carmel formation. Baker and Others (13:46) have 

advanced the idea of source areas to the southeast and northwest, for 

the Carmel formation. This multiple source area is confirmed by the 

marine limestone fades to the west of Moab. 

From the nature of the deposits, most workers favor a subaqueous 

origin for the Carmel of the Moab Area. McKnight (41:89) suggests that 

the long, sweeping, bedding laminae, showing discordances among them

selves, and with the overlying strata, resemble foreset beds of a delta 

and that their contortion suggests deformation under slight loading of 

unconsolidated material heavily saturated with water — Just as conditions 

might be expected along the submerged seaward border of a delta, tills is 

a reasonable assumption, and the known marine deposits to the west of 

Moab add support to his theory. Dane (21:92) says that the Carmel is 

marine because of its lithology. The crinkling and flowage of the part

ly consolidated sediments indicates a subaqueous deposition. According 

to Dane, the lenticular nature of the beds does not preclude deposition 

in shallow waters at the edge of a wide-spread aea. the fine-grained 

texture, and the near homogeneous character of the sediments in the the

sis area are the main features in support of a marine environment of 

deposition. 

Age of the Carmel formation, the Carmel has been assigned to 

the upper Jurassic on the basis of marine fossils collected to the west 

of the Green River, but the red, muddy, sandstone fades of the Carmel 

that is represented in Moab Valley is thought to be of the same age. 
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Figure 30. Contact Between the Carmel and Bntrada for
mations. 
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Bntrada formation, the Bntrada was first described by Gilluly 

and Reeside (67:76) from exposures of the formation at Bntrada Point, 

in the San Rafael Swell. Lee designated the upper portion of this for

mation as the Moab Tongue (1:49). Later, Baker (10:804) proposed to 

call it the Moab Tongue of the Entrada. 

Distribution and nature of the Entrada formation, the Entrada 

was deposited in southern and eastern Utah, most of western and central 

Colorado, northern Mew Mexico, and in all of northeastern Arizona (55:132). 

the only exposure in the thesis area is near the Arches National Monument 

Headquarters (See Plate I, in pocket). The total thickness is over two 

hundred feet, with the upper portion representing the Moab Tongue (See 

Figure 28, page 64). 

tlie Entrada in this area is characterized by its sheer cliff-

forming nature, red-orange color, and the solution cavities that form 

parallel to the beddng planes. Alcoves and natural bridges are formed 

in many places in the Entrada (See Figure 31, page 70). 

the Sntrada is very much like the Navajo sandstone in texture 

and composition. The quartz grains are roimded, fine to medium grained, 

and are iron stained. The tangential-type cross-bedding, so well devel

oped in the Navajo, is not as prominent in the Entrada. Many of the 

strata of this formation show good horizonld. bedding. Vie Moab Tongue 

of the Entrada is a light buff to gray sandstone, in contrast to the 

darker orange-red of the imderlying unit. The main distinctions be

tween the two are the color and the absence of solution cavities in 

the Moab Tongue, 



70 

Figure 31. Caves and Pits in the Sntrada formation. 
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Origin of the Entrada formation, the Entrada, in the Moab Area, 

is believed by most geolcgrists to be of continental origin, with eolian 

and fluviatile deposition being the dominant types. McKnight (41:92) 

considers the sandstones of this area to be eolian in origin with a ma

rine fades to the northwest, in the San Rafael Swell, Baker (13:460) 

is in agreement with McKnight and they both base their ideas on the tex

ture and cross-bedding of the formation. Other workers believing in a 

fluvial and eolian environment are Craig and Holmes (55:132), Momper 

(59:52), Stokes and Holmes (58:37), and Craig and Holmes (60:94). 

Age of the Entrada foraation. Insufficient fossil evidence has 

prevented a definite age assignment to the Entrada formation at Moab. 

Some fossil foot prints of dinosaurs (?) were reported by McKnight (41:94; 

from the Courthouse Spring area, but they were not definitely assigned 

an age. the age of the Entrada^ formation of this area has been estab

lished by its stratigraphic position, the Carmel is upper Jurassic and 

the Entrada of the San Rafael area is known to be upper Jurassic, and is 

correlated with the Entrada of Moab Valley. 

Quaternary 

t^e quaternary of Moab Valley is represented by numerous terrace 

deposits (See figures 32 and 33, page 72) along the Colorado River, in 

and near Mill Creek, and by valley fill. 

Unconsolidated Gravel and Alluvium 

Large, igneous gravel deposits and alluvium have been laid down 
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Figure 32. Terrace Deposits, South of Mill Cmek. 

Figum 33, Terrace Deposits, South of Mill Creek, 
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by the Colorado River and by Mill Creek, Terrace deposits are resting 

on the Kayenta and Navajo formation above Mill Creek and on the Hsrmosa 

in the bed of the stream. Extensive deposits of these igneous boulders 

h&ve also been laid down to the south of Mill Creek and are presently 

being processed for use as gravel, the Colorado River has carried con

siderable material from an unknown source to Moab Valley and deposited 

it on the Khyenta in Norman Canyon, in Moab Valley proper, and in the 

Canyon northeast of the bridge crossing the river, 

.. These boulders were examined in the field and most of them were 

in the monzonite-diorite families with Just about any other type of 

igneous rock being represented. These rocks range from gravel size to 

boulders over one foot in diameter; however, most of the material is 

cobble size. The cobbles are well rounded and intensely weathered. 

The terrace deposits along Mill Creek were derived from the La 

Sal Mountains. Mill Creek originates in the mountains and boulder de

posits are to be found all the way up and down the banks of this stream. 

The same type of rocks found in the valley are also present in the moun

tains. Several source areas are possible for the igneous material in 

the terraces along The Colorado, but some of it surely came from the 

La Sal Mountains by being transported to the river by tributary streams, 

and then being carried on into the valley by the waters of The Colorado. 

Subsurface data from wells has shown the bottom of Moab Valley 

to be filled with unconsolidated gravel and alluvium. This material is 

composed of the same type of rocks as the terrace deposits and the ex

posed formations in the valley. 
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The dune sands that are distributed throughout the valley are 

derived mostly from the Navajo formation. The Navajo is being active

ly eroded as shown by the rounded knobs, the accentuated cross-bedding 

and Jointing, and the exposure of the resistant limestone ledges within 

the formation. Of course, other formations are also undergoing active 

erosion, but the dunes are always associated with the outcrops of the 

Navajo. 



STRUCTURE 

The area under consideration Is a structural, topographic valley 

situated in the down faulted crest of Moab Anticline, Moab Anticline, 

trending 53 degrees northwest, extends to the north near Seven Mile Can

yon, and extends south of the town of Moab to where it grades into Span

ish Valley, near the Grand-San Juan County line, this asymmetrical anti

cline dips approximately fifteen degrees westward, toward Kings Bottom 

Syneline, and approximately nine degrees eastward, toward Courthouse 

Syneline, Local dips up to fifty-three degrees were recorded on the 

east side of the valley; however, this is due to local faulting and 

folding. 

McKnight (41:117) has written that the present axis of the anti

cline extends farther to the north than it did during lower and dddle 

Triaasic time, tlie evidence for this is the decrease northward in the 

angular discordance between the Moenkopi and adjacent formations. In 

addition to a shorter axis during lower Triassie time, there is the 

possibility that the original axis of folding was further to the east 

than the present one. Evidence for this is shown by the thinness of the 

onlapping Chinle sediments on the east side in comparison to the thick 

accumulation observed two dies across the valley, tt&e present axis is 

further to the west than the original axis, as shown by the fifteen de

gree dip on the west limb of the anticline. 
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Structure on the East Side of Moab Valley 

tile complicated structural conditions found on the east side 

of the valley are to be expected when one observes the wide area of 

exposure of the intrusive Paradox formation. Sufficient evidence was 

found in the valley to say that the underlying salt is the primary 

cause of the secondary fold structures. 

Folds 

Two perfectly developed anticlines were observed on the east 

side of the valley, the first one is on the north side of the city 

dump road, at the Wingate-Hermosa contact (See Figure 34, page 77). In 

the core of this small fold is the breeciated limestone of the Hermosa 

formation, with mixtures of evaporites included, the outer rocks of the 

fold are those of the Wingate formation, the axis of this anticline 

extends north, parallel to the valley wall, for approximately two hun

dred feet to where the salt has broken through the crest, and subse

quent erosion has removed the west limb of the structure, this feature 

was produced by salt intrusion and collapse. 

The second anticlinal structure is located in the southwest 

corner of section 31, Range 22 East, Township 25 South (See Figure 35, 

page 78), The folding is more intense within the Wingate and is re

flected up into the Kayenta formation. No Hermosa rocks are exposed 

In the core of this fold, but it is suspected that they are involved 

in the folding at depth. Adjacent to this is another much smaller 

upwarped structure that is no more than a few feet across, these 
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figure 34, Anticline Beside City Dump Road. 
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figure 35. Anticline in Southwest Comer of Sec* 31, 
R. 22 B., T. 25 S, 
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features are, in part, the surface expression of a larger subsurface 

fold that runs parallel to the valley wall, past Mill Creek. Evidence 

for folding in the subsurface is (1) the linear extent of the sharp 

folds; (2) the expression of folding up into the Kayenta in this area, 

near the radio station, and again in Mill Creek. Surface folding is 

sharper in this area but decreases in intensity toward Mill Creek. 
< 

These structures are more the result of collapse than of salt intrusion. 

The anticlinal-synclinal structure visible in the south wall 

of Mill Creek is typical of the collapse that has taken place on the 

east limb of Moab Anticline (See Figure 36, page 80), the rocks in-

volved are the Hermosa, Wingate, Kayenta, and the lower portion of the 

Navajo formation, this fold is the largest example in the valley of 

warping within the original anticline. 

Another area of collapse on the east side of the valley is 

seen north of the Colorado River, near Courthouse Wash, the Chinle, 

Wingate, Kayenta and Navajo formations, through collapse and faulting, 

have been lowered to the valley floor, the beginning of this structure 

is seen at the Chinle-Wlngate contact along the highway at Courthouse 

Wash, the east limb of a larger anticlinal structure grades into a 

small locally developed syneline (See Figure 37, page 81). Part of 

this structure is due to movement within the downthrown block of Moab 

Fault. Ihe resulting movements have produced a complex system of 

Joints, fractures, and local faults within the massive-bedded Wingate 

and Navajo formations. 
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Figure 36. Anticlinal-Synelind '{Structure, View south 
Wall of Mill creek. 
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Figure 37. West Limb of Locally Developed Syneline, View 
Near Courthouse Wash. 
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Faults 

Normal and reverse faulting has occurred on this side of the 

valley. Four faults were observed in the walls of Mill Creek (See Plate 

I, in pocket). Two reverse faults near the "Lion's Back" show only a 

few feet of displacement, these faults cut beds of the Navajo and Kayenta 

(?) formations. Individually, these faults would be of dnor importance. 

However, they are a part of a larger system of faulting that extends 

southward from Hill Creek, past Sam's Mesa, this fault zone is marked 

by a wide area of distorted and tom beds of the Kayenta and Navajo for

mations. Abundant chert was also noted dong this fault zone. 

To the west of these two reverse faults is a larger fault with 

an undetermined displacement, this fault is traceable from the south 

side of the area, northward, to where the Colorado enters the valley. 

The only place in the area where the fault plane could be observed was 

in sections 6 and 31, Range 22 East, Township 25 South, This exposure 

revealed an approximate throw of one hundred feet. 

Another fault cutting the Wingate and Kayenta formations crosses 

Mill Creek near the power station. The displacement is small in Mill 

Creek, but increases to the south. 

the displacement along the fault below the radio station, within 

the Kayenta and Navajo formations, increases to the northwest and in 

section 6, Range 22 East, Township 25 South, the movement is equal to 

the thickness of the Kayenta formation. 

I 

Many reverse faults with small displacements were observed in 
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the area. Representative examples of these are shown in figures 38 and 

39, page 84, 

Structure on the West Side of the Valley 

The only structural disturbance northwest of the Colorado River 

has been caused by the Moab Fault. South of the river, faulting, plus 

the action of salt, has caused the displacement of some of the sediments. 

Folds 

The attitude of the Hermosa beds south of the river has been 

changed by salt intrusion, but no visible folding has occurred on the 

north side. The salt has created dips of up to eighty degrees and has 

distorted the beds so much that mapping is very difficult. 

Faults 

Moab Fault, with smaller accompanying faults, is the dodnant 

structural feature on this side of the valley. Baker (1:64) figured 

twenty-six hundred feet to be the maximum displacement along the failt, 

north of the thesis area. Smaller displacements were noted in the 

northern end of the area, and they continue to decrease southward, lyiove-

ments near the Arches National Monument Headquarters have resulted in 

the Juxtaposition of the Hermosa-Moenkopi-Navajo-Entrada formations 

(See Plate I, in pocket). 
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Figure 38, Reverse Fault, East side of the Valley, 

is*«'v.. 

%a^ 

Figure 39, Reverse Fault, Bast Side of the Valley, 
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Structural Development of Moab Valley 

The original folding of Moab Anticline occurred in post-Cutler, 

pre-Moenkopi time, the Hermosa and Rico-Cutler formations were deposited 

in a continuous series and were folded and eroded prior to deposition 

of the Moenkopi. Evidence for this is shown by the angular discordance 

between the Cutler and Moenkopi beds, as exposed in the west wall of 

Moab Valley (See Figure 13, page 34). Erosion removed part of the Rico-

Cutler and Hermosa formations and then the Uoenkopi was deposited over 

the beveled surface of the anticline. 

Additional uplift, followed by more erosion, occurred in lower 

Triassie time. Part of the Moenkopi, and more of the Hermosa and Rico-

Cutler were removed. It was during this period of folding, or earlier 

(?), that the initial intrusion of the evaporites started. Intrusion 

was brought about by the compressive forces of folding on the flanks 

of the anticline, in conjunction with the removal of all the overlying 

sediments on the crest, except a part of the Hermosa. froof of this 

early intrusion is shown by the lateral variations in dip of the Hermosa 

and the formations that overly it, the Hermosa has been upturned and 

removed from its normal stratigraphic position by the salt, whereas 

the overlying formations have been little affected. These overlying 

formations have been intruded by the salt in some places, yet the degree 

of distortion at the contact, îrtiich in some cases is between the Hermosa 

and Chinle, and in others between the Hermosa and Wingate, is so great 

that if the intrusion had taken place at the same time there would not 

be such a marked difference in their structural relations, further 
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evidence of salt movement at this early stage was observed on the east 

side of the valley in section 1, Range 21 East, Township 26 South, and 

in section 6, Range 22 Bast, Township 26 South, The Hermosa in this 

area is represented by & limestone and evaporite breccia, the distin

guishable limestone beds are again contorted and local variations in 

dip are considerable, the overlying Wingate formation has not been 

affected by the salt. 

Uplift in the Moab area may have ceased in lower Triassie time. 

However, there is a strong possibility that the movement continued until 

lower Jurassic time, this possibility is shown in the discrepancy be

tween the thicknesses of the Wingate and Kayenta formations from one 

side of the anticline to the other, this discrepancy could be due either 

to deposition over a growing anticline, to non-deposit ion, or to onlap 

over a stable structure, the outcrops have been structurally disturbed 

on the east side of the valley, and the true relationships are difficult 

to comprehend. Structural conditi<ms were steady throughout the remainder 

of the Jurassic, and, according to Baker (1:78), conditions continued 

to be stable until post-Mancos time, when regional folding occurred. It 

was at this time that the find folding of the main anticlinal structure 

was accomplished, the removal of the sediments over the anticlinal crest, 

the tremendous pressures of the overlying sediments in the adjoining 

synclines, combined with the stresses imposed by regional folding, again 

initiated the movement of the salt. An equalization of stresses was be

gun with the removal of salt by flowage and solution. Solution of the 

salt piercements in the crest of the anticline, combined with solution 
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along fault fractures, aided in the structural collapae of the valley. 

the initial movement of the graben block began along Moab Fault, 

in late Cretaceous or Tertiary time. Movement along the fault did not 

occur in Jurassic time because north of Seven Mile Canyon upper Jurassic 

sediments are in Juxtaposition with Triassie rocks. Concurrently with 

the overall collapse of the crest, additional Intrusion, solution, and 

differentid movement within the graben block produced the marginal 

structures on the limbs of the anticline. 



GEOLOGIC HISTORY 

At the end of Mlssissippian or in early Psnasylvsmian time the 

Paradox Basin began to form, the basin became land locked during the 

early Pennsylvanian and the succeeding deposits of evaporites were laid 

down. Near the middle of Pennsylvanian time subsidence once again in

creased, with the oceans covering the entire basin, this is shown by 

the marine limestones of the Hermosa formation, the sequence of deposition 

has been simplified up to this point because only a portion of the Para

dox and Hermosa sedimentation is visible in Moab Valley. There are fa

des changes in the basin between the evaporites and limestones that 

represents fluctuations of the sea during part of Paradox, and early Her

mosa time. Near the end of Pennsylvanian time the basin was beginning to 

fill. To the northeast the Uncompahgre was becodng a positive area that 

began to shed sediments into the basin, the filling of the basin and a 

positive source area are evidenced by the sandstones interbedded with the 

marine limestones in the upper portion of the Hermosa formation, the 

filling of the basin began forcing the marine waters to retreat from the 

area, and by the end of Hermosa time the basin area at Moab was receiv

ing predodnantly continental deposits. 

Accelerated elevation cf the source area after late Hermosa time 

is demonstrated by the coarse arkosic material in the upper Hermosa and 

Rico-Cutler beds of Moab Valley. During Rico-Cutler time the actively 

eroded Uncompahgre Highland was supplying the arkosic material for these 

beds, this continued into Moenkopi time, as shown by the coarse clastic 
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fades toward the east (42:79). The foredeep adjacent to the uplift 

captured more sediments than the outlying area farther away from the 

source; this is indicated by the westward thinning of the Rico and Cut

ler formations (1:29). A decreasing dodnance of marine water over the 

area is evidenced by the decrease in the thickness and the number of 

marine limestone beds toward the top of the section. After Rico time 

no limeatones are found in MOab Valley. Near the end of Cutler time 

uplift and erosion occurred, the hiatus represented at Moab was of suf

ficient duration to allow removal of the Rico-Cutler beds, and a part 

of the Hermosa from the crest of the anticline, this erosional sur

face is represented throughout the Paradox Basin, 

As streams transported material westward over the alluvial sur

faces of the Rico-Cutler, the gradient became less, and the fine materi

al noted in the central portion of the basin, and at Moab, was deposited 

on a broad flood plain sloping westward toward the Hoenkopi sea, the 

encroaching sea from the west, demonstrated by the marine limestone 

fades of the MOenkopi (Sinbad Is,), may have reached to Moab, this is 

speculative because no true evidence of marine waters is preserved in 

the Moenkopi at Moab, However, if marine sediments were deposited they 

could have been removed by the post-Moenkopi erosional period. 

Basin filling continued through the lower Triassie and a second 

period of uplift, followed by erosion, was initiated during this time. 

Again, as in Psrdan time, the recently deposited material was eroded 

from the crest of the anticline, dong with further removal of the 

Hermosa formation. Before erosion had leveled the area the Chinle 
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formation was deposited in an onlapping mlationship to the anticline. 

Sediments did not completely cover the crest of the anticline until 

early Wingate time. Evidence for this is borne out by the lack of 

Chinle sediments in Mill Creek and the large thickness of the formation 

on the other side of the valley. 

After the Chinle followed the eolian deposits of the Wingate 

formation. Succeeding periods of fluviatile and eolian conditions con

tinued through Kayenta time and eventually graded into the eolian sedi

ments of the Navajo formation, A sharp lithologic change occurs at the 

top of the Navajo, but no evidence of an erosional surface was found in 

the thesis area. Following deposition of the Navajo formation the near 

shore environment of the Carmel persisted for a short time, and then 

conditions returned to those of continental deposition, the next forma

tion to be deposited was the Entrada, which is the last formation pre

served in the thesis area. 

Upper Jurassic and Cretaceous sedimentation continued in this 

area and at the end of the Cretaceous or in the Tertiary, the final up

lift of the anticline began, the positive area at Moab was subjected 

to erosion and the result was the removal of the Mesozoic sediments 

from the crest of the structure. 



SUMMARY 

the primary objectives of obtaining a geologic map of Moab Vdley 

and a detdled description of the stratigraphy has been accomplished. 

The environment of deposition of the sedimentary rocks exposed 

in Moab Valley is considered in more detdl under the discussion of each 

formation, in general, the Hermosa formation was deposited in a marine 

environment, the Rico-Cutler under fluviatile conditions, and the Moen

kopi was deposited in a mixed continental and marine environment, the 

overlying Chinle is a continental deposit which is primarily fluvid in 

origin. In upper Triassie time the eolian derived Wingate sandatone 

accumulated and following this came intermittent periods of eolian and 

fluviatile deposition, these deposits are represented by the Kayenta 

formation. As sedimentation continued during the Jurassic the eolian 

and lacustrine deposits of the Navajo were laid down, the last of the 

Jurassic rocks preserved in Hoab Valley, which are the Carmel and Bn

trada formations, were deposited in a marine and continentd environment. 

The major anticlind structure at Hoab is primarily the result 

of regiond folding and salt intruaion. the collapse of the anticline 

at the end of the Cretac<K>us, or in the Tertiary, was due to solution 

and displacement of the underlying evaporitea and the secondary folds 

and faults on the limbs of the anticline are the result of differential 

movement within the downthrown crest of the structure, this differential 

movement was caused by intrusion and solution of the salt. 

Hovement of the salt has occurred on two different occasions, 

and probably three. Sdt intrusion occurred in pre-Chinle time and 
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during the find folding of the antidiae, which was at the end of the 

Cmtaceoua or in the Tsrtiary. the pre-Chide intraaion waa either 

at the end of Cutler tiae (L. P»m.), the end of Moenkopi time (Lower 

triaaaic), or during both perioda. 

The ama at Moab haa been uplifted aad eroded three times, the 

firat uplift and eroaion caae at the end of Cutler time, the second waa 

at the end of Moenkopi tiae, and the tdrd vaa the find period of 

folding (Late Cretaceous, or Tertiary) followed by erosion that ia atill 

in progreaa. 

% 
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APPBNDIX 

Detailed stratigraphic Sections 

Included in the appendix are measured sections from the Carmel, 

Moenkopi, Rico-Cutler and Hermosa formations that are expoaed near the 

Arches Nationd Monument Headquarters; sections of the Kayenta, Wingate 

and Chinle formations that are exposed at the Portd, and sections from 

the Kayenta, Wis^ate and Hermosa formations that are exposed in Hill 

Creek. 

the thicknesses given are aubject to errors because of the gra

datlonal nature of the centacta and the laterd thickening and thin

ning of the formations. 

The thicknesses are given in feet. 

Section of Carmel formaticm from expoaurea northwest of the Arches 
National Honument Headquarters. 

Xjnit Unit Cumdative 
RuBber thickness thickness 

JURASSIC 

Carmel formation (98.0 feet) 

5 Sandstone; light red-brown; weathers 18.0 98.0 
to light red-tan; very fine to fine 
grained; poorly sorted; silty matrix; 
efferveaces freely; iron stdned; thin-
bedded to ladnated. 

4 Sandatone; tan to moderate brown; free- 31.0 80.0 
ture aame; fine to very fine grained; 
ailty; iron stained; cdcium carbonate 
cement. 

99 
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Siltstone; dark chocolate brown; 1,0 49,0 
weathered surface same; few sand 
grdns; biotite; weathered surface 
recessed between more resistant 
sandstones; thin bedded; spheroidal 
weathering. 

Alternating sandstone and sandy mud- 40.0 48,0 
stone. Sandstone; light reddish-
brown to moderate brown; weathered 
surface same; fine to very fine grained; 
heavily iron stained; resistant to 
weathering; thin to medium bedded; 
grades into the mudstone, 
Hudstone; dark reddish-brown to choco
late brown; slightly micaceous; less 
resistant to weathering than the sand
stones , 

Sandstone; variegated gray-green, red 8.0 8.0 
and buff; well rounded and frosted 
grains; poorly sorted; medium to fine 
grained; sandy matrix; dirty; effer
vesces very freely; thin-bedded to 
laminated. 

Section of Kaymta and Wingate formations exposed at the Portal, on 
the south side of the river, 

JURASSIC 

Kayenta formation (341.4 feet) 

52 Sandstone; lavender to purple on out- 2,5 1074,9 
crop; fracture, deep reddish-purple; 
very fine grained; effervesces slowly; 
dense and hard; irregularly bedded; 
weathers into slabs and knobs, 

51 sandstone; reddish-brown to light gray 34,0 1072.4 
on outcrop; fracture same; fine grained; 
calcixuB carbonate cement; siliceous matrix; 
iron stained; massively bedded; cross-
bedded; cliff former; pot holes and caves 
abundant; manganese coating on weathered 
surface. 
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50 Sandstone; outcrop red to lavender to 8,0 1038,4 
brown; fracture same; fine grained; 
effervesces slowly; sandy matrix; shale 
pellets common; irregularly bedded; 
thin to thick bedding; irregularly 
weathered surface; ripple marked; 
ledge former. 

49 Sandstone; lavender to brown on outcrop; 4,0 1030.4 
fracture same; fine grained; poorly sorted; 
clay and sand matrix; shale pellets; musco-
vite and chlorite present; iron stained; 
irregularly bedded; erodes more easily 
than overlying and underlying beds; cross-
bedded. 

48 Sandstone; lavender to buff and tan; 13,0 1026,4 
fracture same; medium to fine-medium 
grained; rounded; slight frosting; 
fair sorting; effervesces freely; 
biotite and chlorite; shale pellets; 
sandy matrix; very irregularly bedded; 
prominent current-type bedding accen
tuated by weathering; weathers to slabs; 
outcrop shows irregular surface due 
to cross-bedding and differential 
weathering, 

47 Sandstone; orange to red outcrop; frac- 40,0 1013.4 
ture same; fine grained; well rounded; 
frosted; fair sorting; iron stained; 
massive, cross-bedding; sandy matrix; 
weathers to huge boulders and alcoves; 
has identical appearance of typical 
Wingate sandstone. 

46 Sandstone; outcrop varies from orange- 45.0 973.4 
red to lavender; fracture mostly white 
to light red; fine to medium grained; 
fair sorting; sub-angular; euhedral 
quartz grains abundant; alight iron 
stain on some grains; sandy matrix; 
occasional shde pellet. 

45 sandstone; outcmp light to dark bmwn 22.0 928.4 
to black; fracture reddish-brown to 
lavender; fine to medium grained; cal
cium carbonate cement; fair sorting to 
poor; thin to massively bedded; weathers 
dark on outcrop in some places. 
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44 Sandstone; outcrop reddish-brown to 18.0 906.4 
lavender; fracture lavender to purple 
and reddish-brown; medium grained; 
fair to good sorting; sub-angular, 
euhedral crystals; abundant sandy 
shale pellets; iron stained; effer
vesces freely; varies from soft to 
hard; medium tolhinly bedded. 

43 Sandstone; dark gray to gray-black 20.0 888.4 
on outcrop; fracture lavender to red
dish-brown; fine to medium grained; 
iron stdned; shale pellets abun
dant; sandy matrix; effervesces free
ly ; thick to massively bedded; some 
cross-bedding; thickens and thins 
laterally; weathers easily along 
bedding planea. 

42 Alternating sandstone, mudstone and 26.0 868.4 
sandy shale. Sandstone; varies from 
dark reddish-brown to light gray; 
weathers same; very fine to medium 
grained; no apparent sorting; mud 
pellets abimdant; effervesces free
ly; muddy; micaceous; iron stained; 
silty matrix; cross-bedded in places; 
thin to medium bedded. 
Mudstone; deep chocolate brown to 
deep red; silty; very dense; hard; 
thinly bedded. Sandy shale; dark 
red to brown; sandy portion is fine 
grained; micaceous; heavily iron 
stained in sandy portions; hard; 
thin to laminated. 

41 Sandstone; reddish-brown; fine to 6.3 842.4 
medium grained; aub-angular; poorly sort
ed; iron-stained; effervesces slow
ly; numerous mud pellets. 

40 Sandstone; light gray to red; medium 37.2 836.1 
grained; poor sorting; angular to 
sub-angular; banded; clay and mud 
pellets; massively bedded. 

39 Sandstone; reddish-brown to light 18,2 798.9 
purple; fine grained; angular; poorly 
sorted; sand and clay matrix; iron 
stained; mud pellets; irregularly bedded. 
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38 Sandstone; reddisli-brown to light 3,0 780,0 
purple; fine to medium grained; 
fair sorting; amgular; sandy matrix; 
slight iron stain; clay and mud 
pellets. 

37 Sandstone; reddish-bro-jwi to light 8.0 777.7 
purple; fine to medium grained; 
poor sorting; sub-angular; fine 
sand matrix; calcium carbonate cement; 
mico present; mud pellets; weathered 
feldspar. 

36 Sandstone; deep red to wine; fine 5.0 769.7 
to very fine grained; poorly sorted; 
silic€»ous cement; sand and clay 
matrix; few m:Ud pellets; grains heav
ily iron stained; bedding is thin to 
thick. 

35 Sandstone; reddish-brown; medium 2.0 764.7 
grained; fair sorting; sub-angular; 
calciom carbonate cement; iron 
stained grains; occasional mud 
pellet; grains etched and frosted; 
altered mica and weathered feld
spar in minor proportions. 

34 Sandstone; light salmon colored; 18.0 762.7 
weathers to medium dark red; fine 
to medium grained; fair sorting; 
angular to sub-angular; muscovite; 
occasional mud pellet; relatively clean 
sandstone; occasiond concentration 
of iron stain; effervesces freely; 
massively bedded; ledge former; un
dulating bedding surface. 

33 Sandstone; dngled white and dark 4.0 744.7 
brown; weathers light pink to red; 
white coating in places on outcrop; 
fine grained; p«>orly sorted; dirty; 
heavily iron stained; banded; mica
ceous; abundant clay and mud pellets; 
sandy matrix; siliceous cement; thin 
to medium bedding. 
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22 Sandstone; red to salmon pink; fine 7.2 740.7 
to medium grained; angular quartz 
grains; effervesces slowly; sili
ceous cement; iron stained; flaggy 
bedding, slight banding; very hard; 
quartzose. 

TRIASSIC 

Wingate formation (298.0 feet) 

31 Sandstone; outcrop orange to orange- 18.5 133.5 
red; fracture same; banded, due to 
concentration of manganese; fine to 
medium grained; poorly sorted; medium 
sized grains show frosting; sub-angular 
to sub-rounded; few euhedral grains; 
manganese pellets; iron stained; effer
vesces slightly; sandy matrix, massive
ly bedded. 

30 Sandstone; outcrop light orange-red; 12.5 715.0 
fracture medium to light orange; slight 
banding; fine grained; fair to good 
sorting; siliceous cement; sandy matrix; 
iron stained; occasional manganese pel
let; massively bedded with some flaggy 
bedding, 

29 Sandstone; outcrop orange-red; fracture 56,0 702,5 
is medium to dark red-orange; fine grained; 
fair sorting; well-rounded, some almost 
spherical; frosted; iron stained, man
ganese pellets; very massively bedded; 
manganese coated; some cross-'bedding; 
weathers into slabs and alcoves; cliff 
former. 

28 Sandstone; outcrop black and orange- 21,0 646,5 
red; black due to manganese coating; 
fracture light red; fine to very fine 
grained; poor sorting; frosted; sub-
rounded; exceptiondly fine grained 
matrix; irregularly bedded; slabby to 
blocky bedding; shelf former. 
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27 Sandstone; dark orange-red with man- 147,0 625.6 
ganese stain; fracture light orange 
to medium orange; fine grained; poor 
to good sorting; sub-roimded; frosted; 
iron stained; manganese pellets; slight 
sand matrix; excessively massive; cross-
bedded; desert varnish covers the unit 
throughout; this zone is exceptionally 
uniform throughout with respect to 
grain size, color and bedding. 

26 Sandstone; light red outcrop; frac- 2.0 478.5 
ture same; very fine to fine grained; 
well founded; poor sorting; effer
vesces slowly; siliceous matrix; iron 
stained; slightly cross-bedded; weath
ers to slabs. 

25 Huddy sandstone; dark red to choco- 1,5 475,5 
late brown; fracture same; sand is fine 
to very fine grained; iron stained; 
portions of this section effervesces 
freely; soft, fractured; irregularly 
bedded, 

24 Sandstone; outcrop light orange-red; 21.5 474.0 
fracture light to medium orange; fine 
grained; sub-angular to rounded grains; 
fair sorting; slight sand matrix; sili
ceous cement; few manganese pellets; 
massively bedded; grades into the mud
dy saxdstone above, 

23 Sandy mudstone; dark reddish-brown; frac- 2,0 452,5 
ture same; sand is very fine; micaceous; 
effervesces slowly; hard; thin bedded; 

22 Sandstone; outcrop reddish-orange; 15,0 450,5 
fracture shows slight banding and is 
orange colored; fine grdned; good 
sorting; rounded and frosted grains; 
sandy matrix; effervesces slowly; massive
ly bedded; very hard; this sandstone 
lies above a chocolate brown to red 
sandstone that is upper Chinle, Some 
gray-green banding due to weathering 
is visible at the contact. 
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Section of Chinle formation exposed on the north side of the Colorado 
River at the Portal. 

Chinle formation (435.5 feet) 

21 Covered interval. 40.0 435.5 

20 Sandstone; light brown-red; weath- 28.0 345.5 
ers to medium brown to red; very fine 
grained; poorly sorted; sub-rounded 
graina; very silty; siliceous cement; 
heavily weathered feldspar; slightly 
micaceous; heavily iron stained; fine
ly current-bedded; laminated; thin to 
thickly bedded; bench former; siliclfied 
wood. 

19 Sandstone; medium red-brown; weathered 21.0 367.5 
surface dark reddish-brown; fine grained; 
well rounded; frosted; fair sorting; 
effervesces freely; slightly silty; iron 
stained; thickly bedded; irregularly 
bedded; some current ripple marks. 

18 Mudstone, limy, conglomeratic; deep 6.5 346.5 
reddiah-brown; weathers to a mottled, 
splotched, gray-green to reddish-brown; 
conchoidal fracture; weathers to an 
irregularly, rounded mass of balls; high
ly fractured; very hard; the limy mud
stone is dense and finely crystalline. 

17 Sandstone; reddish-brown; weathered to 17.0 340.0 
red gray and gray-green; very fine grained; 
silty; iron stained; thickly bedded. 

16 Mudstone, limy, conglomeratic; deep 31.5 323.0 
reddish-brown; weathers to a mottled, 
splotched, gray-green to reddish-brown; 
conchoidal fracture; weathers to an 
irregularly, rounded mass of balls; 
highly fractured; very hard; the limy 
mudstone is dense and finely crystdline. 

15 Siltstone; light brownish-red; weath- 8.0 281.5 
ers to mddish-brown with gray-green 
splotches; iron stained; thickly bedded; 
bench former; hard. 
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14 Same as number 16. 31.5 273.5 

13 Shde; reddish-brown; laminated; 17.0 242.5 
silty; slope former; ripple marked; 
effervesces freely. 

12 Limestone; variegated reddish-brown 3.0 225.5 
to gray-green; medium bedded; ledge 
former; weathers to sub-rounded, frac
tured balls; silty. 

11 Mudstone; dark reddish-brown; mud 6.5 222.5 
cracked; very resistant; alcoves 
weathered into surface; ledge former; 
sandy, 

10 Sandstone; reddish-brown; fine grained; 4,0 216.0 
very silty, micaceous; mud pellets 
very abundant; pellets are a dark wine 
color; iron stained; irregularly bedded; 
thin to laminated, 

9 Mudstone; reddish-wine with mottled 17,0 212,0 
gray-green splotches; effervesces 
freely; micaceous, muscovite and 
biotite; weathered feldspar; irreg
ularly bedded; sandy matrix; occasion
al weathered pebble of sandstone in
corporated, 

8 Alternating limy mudstone and sandy 4.0 195.0 
limestone, Mudstone; medium reddish-
brown; slightly micaceous; thinly bedded. 
Limestone; reddish-brown; weathers to 
a variegated gray-green to red color; 
thinly bedded; sandy enough to show 
slight laminations; very hard; resistant, 

7 Covered interval, 6.0 191.0 

6 Conglmwrate; reddish-wine; matrix of 4.0 185.0 
sandy mud; consists of one thick bed; 
very hard. 

5 Mudstone; brownish-red; weathers to a 16.0 181.0 
red and gray-green; finely siliceous; 
effervesces slowly; current-bedded; 
sub-conchoidal fracture; thickly bedded; 
irregularly bedded. 
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4 Covered interval. 16.0 

3 Sandstone; reddish-brown; fine grained; 19.0 
siliceous matrix; iron stained; mus
covite, biotite and chlorite; thidy 
bedded; weathers into an irregular bench. 

2 Sandstone; variegated red, purple, gray 41.0 
and brown; fine to fine-medium grained; 
poorly sorted; irregularly bedded; sili
ceous grains well cemented; effervesces 
slightly; very micaceous; abundant, heav
ily weathered feldspar pellets. 

1 Covered interval. 89.0 

165.0 

149.0 

130.0 

89,0 

Unconformity 

Section of part of the formations exposed in the wall of Moab Valley, 
west of the Arches National Monument headquarters. 

Moenkopi formation (352,2 feet) 

69 Alternating sandatone, siltstone and 76,0 
shale. 
Sandstone; reddish-brown to brown; fine 
grained; thin to medium bedded. 
Siltstone; light brown; iron stained; 
sone biotite present; thin bedded; 
current rippled. 
Shale; light chocolate brown; thin to 
laminated; current rippled throughout; 
mud cracked. 

68 Siltstone, sandy; light chocolate brown; 10.0 
sand is fine to very fine grained; iron 
stdned; biotite and muscovite; effer
vesces freely; medium bedded; current 
rippled. 

67 Siltstone, deaceous; light gray; out- 2.5 
crop reddish-brown to chocolate brown; 
muscovite and biotite; calcium carbonate 
cement; current rippled; banded die to 
concentration of mica. 

1100.2 

1024.2 

1014.2 
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66 Sandstone; dark reddish-brown to i.o 1011.7 
moderate brown; fine to very fine 
grained; poorly sorted; iron stained; 
effervesces freely; few biotite and 
muscovite flakes; medium bedded. 

65 Shale, aandy; deep reddish-brown to .s 1010.7 
moderate brown; micaceous; fissile; 
efferveses freely. 

64 Sandstone, conglomeratic; mottled deep 2.0 1009.9 
reddish-brown to white; matrix fine 
grained; graded bedding; coarse quartz 
grdna are well rounded and well frosted; 
iron stained; carbonate cement; deaceous. 

63 Siltstone; moderate brown; fissile to 12.0 1007.9 
laminated; weathered easily; current 
rippled; few gray stringers of gypsum; 
effervesces freely. 

62 Sandstone; moderate to deep reddish- 12.0 995.9 
brown; very fine grained; heavily iron 
stained; effervesces freely; medium to 
thickly bedded; very resistant. 

61 Alternating sandstone, siltstone and 140.0 983.9 
ahale. 
Sandstone; moderate reddish-brown to 
moderate brown; very fine grained; heavily 
iron stained; silty; ripple marked; 
thin to medium bedded. 
Siltstone; moderate brown; gray, splotched 
on outcrop; thinly bedded; ripple marks 
very common; weathers easily; deaceous 
in places. 
Shale; light brown; silty; ripple marked 
in places; evenly bedded. 

60 covered interval. 30.0 843.9 

59 Limestone, sandy, light gray to white; 1.0 813.9 
outcrop gray to moderate reddiah-brown; 
medium crystalline; sub-conehoidd frac
ture; some biotite incorporated in the 
sandy portions. 
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58 Alternating limy sandstone and mudstone. 24.0 812.9 
Sandstone, limy; light gray-green to 
white; outcrop medium gray to brown; 
very fine grained; siliceous cement; 
occasional mica flake; thin bedded; 
resistant. 
Mudstone, limy; light brown to red
dish-brown; outcrop same; thin bedded; 
occasional dea flake; effervesces 
freely; resistant; slight ledge former. 

57 Sandstone, limy mottled light gray .6 784.9 
to reddish-brown; outcrop dark brown 
to medium black; medium grained; 
silica and calcite cement; hard; ledge 
former. 

56 Shale, sandy; mediinn red-brown; out- 5.0 788.3 
crop dark red to moderate brown; cur
rent rippled; thin to laminated; effer
vesces freely; micaceous. 

55 Sandstone; moderate reddish-brown to 3.3 783.3 
moderate brown; outcrop same; fine 
grained; fair sorting; silty matrix; 
siliceous cement; effervesces freely; 
biotite present; thin to medium bedded; 
current bedded; ledge former; occa
sional shale pellet visible. 

54 Covered interval, 10,0 780,0 

53 Alternating sandstone and sandy shale. 

Sandstone; reddish-brown to moder- 22,0 770,0 
ate brown; very fine grained; silty 
matrix; iron stained; thin bedded; 
ripple marked; mud cracked. 
Shale, sandy; reddish-brown to moder
ate brown; ripple marked; thin bedded 
to laminated, 

52 conglomerate; light gray to white; 4.0 748,0 
matrix composed mostly of amorphous^ 
well roimded, frosted quartz grains; 
large quartz grains make up the con
glomerate as well as limestone pebbles; 
some feldspar and mica in matrix; this 
bed thins laterally and disappears. 



Ill 

Unconformity 

PENNSYLVANIAN-PERMIAN 

Rico-Cutler formations undifferentiated, 
(504,5 feet), 

51 Shale; purplish-brown to slightly 10.0 744.0 
lavender; talus former; highly frac
tured; slightly micaceous. 

50 Sandstone; micaceous; brick red; 4,5 734.0 
fine grained; muscovite and biotite; 
iron stained; slight bench former, 

49 Shale; red to moderate reddish-brown; 5,0 729,5 
thin to laminated; forms a platy, flaky 
tdus, 

48 Sandstone; moderate reddish-brown to 1,5 724,5 
light reddish-brown; fine grained; 
numerous coarse grains; the coarse 
grains are well rounded and well 
frosted; muscovite and biotite 
present; cdcium carbonate concen
trated at bedding planes. 

47 Mudstone; sandy; moderate to light 51.0 723,0 
red; weathers to a variegated soaroon, 
red and gray-green; muscovite and 
biotite; talus former« 

46 sandstone; moderate reddish-brown; 6^0 672,0 
coarse to fine grained; no evidence 
of sorting; coarse grains well round
ed and frosted; muscovite and biotite 
and magnetite present; large grains 
appear to be amorphous; silty matrix; 
heavily iron stained, 

45 Siltstone; moderate to dark reddish- 11,5 666,0 
brown; very micaceous; muscovite and 
biotite; thinly bedded^ 

44 Conglomerate, arkosic, light gray to 11.5 654.5 
white; brownish-red on surface; coarse 
to very coarse grained; some grains 
granule in size; quartz pebbles pre
dominate with lesser amounts of plagioclase. 
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orthoclase and mica; carbonate and 
siliceous cement; feldspar is moderate
ly weathered; ledge former. 

43 Interbedded sandstone and siltstone. 68,0 643,0 
Sandstone; reddish-brown with a light 
purple tint; medium to very coarse 
grained; few well frosted and round
ed grains, but most are sub-angular 
and not frosted; no apparent sorting; 
very micaceous; dca heavily weath
ered; silty matrix; effervesces 
freely; cross-bedded, 
Siltstone, micaceous; reddish-brown; 
very irregularly bedded, 

42 Limestone; light gray to light purple; 5,0 575,0 
outcrop weathers to an olive gray; 
finely crystalline; ledge former, 

41 Limestone and chert; gray to olive 2,4 570.0 
gray on surface; fracture, light gray 
to white; fine crystalline; euhedral 
calcite crystals abundant in vugs; 
pitted surface; one thick bed; hard; 
ledge former, 

40 Siltstone, micaceous; medium to dark 21,0 567.6 
red; heavily iron stained; occasional 
medium sized quartz grain, well round
ed and frosted; dca in very small 
flakes; talus former. 

39 Siltstone; moderate to dark red on 27.0 546.6 
outcrop; fracture medium to light 
red; heavily iron stained; micaceous; 
effervesces freely; lower 8 ft, of 
this section is slightly shaly; upper 
portion thickly bedded; lower portion 
thinly bedded; few beds of gray-green 
silt and shale near lower portion, 

38 Sandstone, conglomeratic; light purple 47,0 519.6 
to maroon; no apparent sorting; round
ed grains; heavily iron stained; silty 
matrix. 

37 Siltstone; mottled pale red to reddish- 4.0 472.6 
purple and neutral gray; micaceous; ledge 
former; weathers to a knobby surface. 
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36 Sandstone; light reddish-brown; weathers 4,0 472,6 
to a moderate reddish-brown and pale 
purple; fine to very fine grained; 
rounded and frosted grains; micaceous; 
silty; effervesces very freely; ledge 
former, 

35 Mudstone; light reddish-brown to a light 4.0 464,6 
purple hue; silty; micaceous; slightly 
shaly at top and a layer of gray-green 
fine sand at bottom; flaggy bedded, 

34 Sandstone; dark to moderate red; out- 18.7 460,6 
crop is light reddish-brown; mottled 
gray-green splotches in places; very 
fine grained; very deaceous; shaly. 

33 Conglomerate, arkosic; light purple 16.2 441.9 
to maroon to gray-white; current 
bedded; prominent, large feldapar 
crystals visible; weathered surface 
smooth; forms talus of sandy granules 
and pebbles. 

32 Siltstone; light to moderate reddish- 10.5 425.7 
brown; contains stringers of very 
fine sand that are gray-green to 
white; shdy in places; micaceous; 
thin to laminated in shaly zones; 
surface irregularly weathered; heav
ily iron stained; effervesces freely. 

31 Shale, sandy; bright red-orange; 2.5 415.2 
very micaceous; thin to laminated; 
current bedded; Jointed; effervesces 
freely; heavily iron stained; contains 
zones of white to gray-green very 
fine sand. 

30 Sandstone; red to purple-maroon; out- 17.0 412.7 
crop same; medium to coarse grained; 
angular graina; poorly sorted; approxi
mately 40% dca; iron stained; calcite 
cement; irregularly bedded; few stringers 
of laminated shale; current bedded. 

29 Limestone; light red to gray-white; out- 2,9 395,7 
crop light gray; medium crystalline; 
abundant vugs of calcite crystals; ledge 
former. 
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28 Mudstone; light reddish-brown; weathers 36.0 393,0 
to moderate light red-brown with a 
slight purple hue; stringers of very 
fine sand grains throughout; ferru
ginous; resistant; thin to massively 
bedded; irregdarly bedded, 

27 Alternating shale and mudstone. 46,0 357.0 
Shale; moderate reddish-brown; laminated; 
silty; micaceous. 
Mudstone; reddish-brovm; very sandy; 
thinly bedded; irregularly bedded; 
micaceous. 

26 Conglomerate, arkosic; variegated gray, 22.0 311.0 
red and purple; quartz pebbles up 
to 2 in. in their greatest dimensions; 
majority of the grains are of granule 
or smaller size; fine to medium sand 
matrix; abund^t weathered feldspar 
crystals; slight siliceous cement; 
effervesces freely; muscovite, biotite 
and chlorite present; prominently cur
rent bedded; weathers to a smooth 
slope. 

25 Sandstone; reddish-brown splotched 8.5 289.0 
with a gray-white color; fine to 
coarse grained; no apparent sorting; 
abundant coarse, well rounded and 
frosted, almost spherical quartz grains 
within the fine to medium sand; 
slightly silty; iron stained; mica
ceous; effervesces slowly; surface 
is pot-holed due to weathering. 

24 Interbedded siltstone and sandstone. 13.0 280.5 
Siltstone; moderate to deep reddish-
brown; deaceous; irregularly bedded; 
effervesces slightly. 
Sandstone; speckled black to gray-
green; the black is due to biotite; 
fine to medium grained; poorly sorted; 
angular grains; very micaceous; abun
dant feldspar; siliceous cement; very 
irregularly bedded; current bedded. 
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23 Siltstone; limy; variegated reddis:i- 27.0 267.5 
purple to light gray; very fine grained 
sand in minor amounts; very hard; 
weathers to a knobby pattern; few 
coarse quartz grains that are well 
rounded and frosted. 

PENNSYLVANIAN 

Hermosa formation. (240.5 feet). 

22 Limestone; light gray-green; weathers 2.5 240.5 
to medium black to gray; finely 
cryatalline; dense; crinoid stems, 
large horn corals. 

21 Shale, sandy; light purple to moder- 9.0 238.0 
ate brown; weathered appearance 
earthy; effervesces freely; fissile. 

20 Covered interval. 5.0 229.0 

19 Sandstone; mottled light gray to green 3.0 224.0 
to brown; fine grained; poorly aorted; 
iron stained; silty matrix; effer
vesces freely. 

18 Conglomerate; light purple to moderate 3.0 221.0 
brown; fine to medium grained matrix 
with coarse quartz pebbles; feldspar 
present; silty. 

17 Interbedded limestone and shaly lime- 12.0 218.0 
stone, 
Limestone; light gray to tan; fine 
to medium crystalline; abimdant 
crinoid stems, horn corals and brachio
pods; pitted surface; resistant, 
Shaly limestone; light red to moderate 
red-purple; thinly bedded; very fossil-
iferous, 

16 sandstone; light reddish-brown to moderate 40,0 206,0 
brown; fine to very fine grained; occasion
al mica flake in lower portion; effervesces 
freely; pot holed surface; massively bed
ded; the upper portion grades into a laven
der-purple conglomerate and arkosic sandstone. 
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15 Sandstone; upper portion is a mottled 20.0 166,0 
light gray to tan; the rest of the sec
tion is light red to moderate reddish-
brown; outcrop same; fine to fine-medium 
grained; fosslliferous; irregularly weath
ered into large rounded boulders, fractured, 

14 Covered interval. 15.0 146.0 

13 Limestone; gray-black; outcrop medium to 6,0 131,0 
dark gray; lithographic texture; conchoidal 
fracture; thin to medium bedded; surface 
pitted; slightly cherty, 

12 Limestone; outcrop gray to tan; fracture 7,0 125,0 
gray-black; very finely crystalline; cherty 
surface; very pitted; crystalline calcite 
replaces crinoid stems; surface appearance 
of massiveness, but actually is thinly bedded, 

11 Limestone; moderate gray; outcrop 7.0 118.0 
light gray to tan; finely crystalline; 
sub-conchoidal fracture; massive bedding, 

10 Sandstone; variegated green gray to white 9.0 111.0 
and tan; grain size varies from a medium 
to medium coarse arkoaic sand to a very 
fine grain sandstone; very poorly sorted; 
the arkosic sand grains are angular; 
micaceous, mostly biotite; some calcite; 
the silty sand portion lis very fine grained; 
deaceous; entire section effervesces 
freely; it is very irregularly bedded; 
the coarse matjrid is thickly bedded. 

9 Sandstone, limy; light green-gray; outcrop 6.0 102.0 
is reddsh-brown to light tan; fine grained; 
fair sorting; ledge former; massively bedded. 

8 , Sandstone, limy; light gray-purple to brownish- 32.0 96,0 
tan; outcrop light gray to light tan; fine to 
mediiua grained; poorly sorted; angular to sub-
rounded; portions contain abundant mica and 
occasionally granules of well rounded, frosted 
quartz grains; feldspar present; thickly bedded. 
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7 Limeatone; medium gray-black; out- 3,0 64,0 
crop tan to light gray; finely crystal
line to lithographic; sub-conchoidal 
fracture; crinoid stems replaced by 
crystalline calcite, 

6 Limestone; variegated gray-green 30,0 61,0 
to purple; outcrop reddish-brown 
to gray-green; finely crystalline; 
fractured and Jointed; medium to 
thickly bedded; calcite crystals fill 
Joints; contains horn corals; brachio
pods, lacy bryozoans suid crinoid 
stems; conchoidal fracture. 

5 Shale; green-gray; irregularly bedded; 1.0 31.0 
thins laterally; thin-bedded to 
laminated. 

4 Sandstone, micaceous; gray-green to 4.0 30.0 
brownish-red on outcrop; fine grained; 
poorly sorted; angular grained; sili
ceous matrix; effervesces freely; 
shistose appearance; weathered feld
spar; calcite; weathers to an irregular 
surface. 

3 Siltstone; light green to gray; out- 1.0 26,0 
crop same; micaceous; thins laterally; 
fractured. 

2 Sandstone; dark reddish-brown; weath- 23,0 25,0 
ers to a light brownish-red; fine to 
medium grained; very poor sorting; 
coarse quartz grains well rounded 
and frosted; some angular fine to 
medium grains; silty matrix; effer
vesces slowly; biotite and muscovite 
present; few iron oxide pellets; 
heavily iron stained, 

I Sandstone, micaceous; light choco- 2,0 2,0 
late brown; outcrop dark to medium 
chocolate brown; fine grained; an
gular quartz grains; arkosic; chlo
rite, biotite and muscovite present; 
heavily iron stained; spheroidal 
weathering; silty matrix; effervesces 
freely. 
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Partial aeetion of the Kayenta formation from exposures in Mill Creek, 

Kayenta formation, (83,8 feet), 

29 Sandstone; red to brownish-red; 10,0 83.8 
fine grained; angular grains; frosted; 
sand and clay matrix; iron stained; 
effervesces freely; clay pellets, 

28 Shaly sandstone; red to lavender; 5.0 73,8 
fine grained; heavily iron stained; 
thin bedded to laminated, 

27 Sandstone; red to lavender; fine 2,0 68,8 
to medium grained; fair sorting; 
angular grains; a few etched grains; 
cdcium carbonate cement; sand and 
clay matrix; mud pellets. 

26 sandstone; reddish-brown to lavender 5.8 66.8 
to purple; fine to very fine grained; 
poorly sorted; sub-angdar, etched 
and frosted grains; iron stained; 
banded; effervesces freely; sandy 
matrix; soft; mud pellets; micaceous. 

25 Sandstone; reddish-brown to lavender; 4.0 61.0 
fine grained; fair to good aorting; 
sub-rounded grains; iron stained; 
cdcium carbonate cement; slightly 
banded; pitted and frosted grains; 
mud and shale pellets. 

24 sandstone; light gray to buff; .9 59.0 
fine to medium grained; p€>orly 
sorted; angular grains; iron 
stained in places; euhedral grains 
common; mica, chlorite and tourmaline. 

23 Sandstone; light gray to white; fine 2.0 56.1 
to medium grained; sub-angular; iron 
stained; poorly sorted; slightly 
frosted; calcium carbonate cement; 
tourmaline. 
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22 sandstone; light gray to white; fine 3,8 54.1 
to medium grained; poorly sorted; 
sub-angular grains; a few euhedral 
grains; calcium carbonate cement; 
clean sand with a fine sand matrix, 
this sample and the above two de
scriptions have the appearance of 
Navajo sandstone, 

21 Sandstone; dark brownish-black to .6 50.3 
lavender; very fine to medium grained; 
very poorly sorted; sub-angular grains; 
banded; heavily iron coated and stained; 
effervesces freely; mud pellets. 

20 Sandstone; yellow to lavender; medium ,2 49,7 
grained; fair sorting; sub-rounded 
to sub-angular grains; crystal faces' 
abundant and they show etching; clay 
concentrated along bedding planes; 
some grains iron coated; mud pellets, 

19 Sandstone; purple to lavender; medium 1.8 49.5 
grained; fair sorting; angular grains; 
euhedral crystals present; siliceous 
cement; some tourmaline crystals 
present; clay and m.ud pellets* 

18 Sandstone; yellow with b.lack bands 3.8 47.7 
at bedding planes; medium grained; 
fair sorting; sub-angular; banding 
due to manganese stains; most grains 
coated with iron and manganese oxide; 
mud pellets, 

17 Sandstone; yellow to yellowish-gold; 5,3 43.9 
medium grained; poor sorting; sub-
angular grains; siliceous cement; a 
few flakes of mica visible; rounded 
tourmaline grains. 

16 Sandstone; lavender to red; fine ,7 38.6 
grained; poor sorting; angular grains; 
effervesces slowly; siliceous cement; 
clay matrix; mud pellets; hard; iron 
stained. 
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IS Sandsxone; lavender to purple; fine 1,5 37,9 
grained; angular grains; sorting 
poor; banded; slight clay matrix; 
reddish-brown mud and clay pellets; 
siliceous cement, 

14 Sandstone; light yellow to buff; 2,0 36,4 
fine to medium grained; angular 
grains; fair sorting; slight iron 
stain on some grains; cdcium car
bonate cement; tourmaline. 

Sandstone; yellow to buff; fine to ,6 34,4 
fine-medium; good sorting; roimded; 
frosted and etched grains; pretty 
clean sand; chlorite present, 

13 Sandstone; yellow to buff with bands 4,0 33,8 
of manganese and iron coated grains; 
fine to medium grained; poorly sorted; 
angular grains; manganese stains on 
surface, 

12 Sandstone; buff to brownish-yellow ,5 29,8 
and black; medium grained; fair to 
good sorting; sub-angular grains; 
effervesces freely; manganese oxide 
coating on most grains, 

11 sandstone; yellow to buff; fine to 1.5 29.3 
medium grained; fair sorting; rounded; 
siliceous cement; iron stained; dnor 
amounts of altered faldspar; hard, 

10 Sandstone; reddish brown; fine to 4,8 27,8 
medium grained; fair sorting; angular 
grains; siliceous cement; abundant 
euhedral grains visible; mica; mud 
pellets. 

9 Sandstone; light purple to lavender; 1.0 23.0 
fine to medium grained; very poorly 
sorted; siliceous matrix; abundant 
euhedral faces on quartz grains; 
abundant shale pellets. 

8 sandstone; light purple to lavender; 1,0 22.0 
fine to medium grained; poorly sorted; 
angular grains; frosted; calcium car
bonate cement; sandy matrix; manganese 
or tourmaline pellets. 
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7 Sandstone; yellow to tan; fine to 3,0 21.0 
medium grained; fairly well aorted; 
banded due to manganese concentrations; 
clay matrix; siliceous cement; con
centration of calcium carbonate and 
elay at beddng planes. 

6 Sandstone; gray to purple; medium 3.0 18.0 
grained; fAirly good sorting; sub-
angular grains; pockets of imn stain 
common; siliceous cement; dca and 
weathered feldspar present, 

5 sandstone; red with a slight purple 3.0 15,0 
tint; medium grained; sub-angular; 
aorting good; sand and clay matrix; 
cdcium carbonate cement; abundant 
euhedral quartz crystals; weathered 
feldspar and muscovite, 

4 Sandstone; purple to lavender to 3,0 12,0 
reddsh-lavender; fine grained; 
sorting fair to medium-fair; bandng 
due to concentration of clay; clay 
matrix; heavily iron stained; mud 
and shale pellets; abundant iron 
oxide pellets, 

3 Sandstone; purple to lavender; medium 3.0 9.0 
grained; fair sorting; sub-rounded 
to rounded; iron coating on quartz 
grains; slight clay matrix; euhedral 
quartz grains; frosted and etched, 

2 Sandstone; dark to light gray to 3.0 6.0 
reddsh-gray; fine to medium grained; 
poor sorting; sub-angular grains; 
cdcium carbonate cement; sand and 
clay matrix; 1 to 3% biotite. 

1 Sandatone; light red to gray-purple; 3.0 3.0 
fine to very fine grained; poorly 
sorted; slight clay matrix; effer
vesces slowly; limonite, hematite, 
chlorite, biotite and weathered 
feldspar; thin to laminated bedding. 




