
UNITED STATES DEPARTMENT OF THE INTERIOR 
Ray Lyman Wilbur, Secretary 

GEOLOGICAL SURVEY 
George Otis Smith, Director 

P~ofessional Paper 164 

THE KAIPAROWITS REGION 

A GEOGRAPHIC AND GEOLOGIC RECONNAISSANCE OF PARTS 

OF UTAH AND ARIZONA 

BY 

HERBERT E. GREGORY AND RAYMOND C. MOORE 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASHINGTON : 1931 

For!snle by the Superintendent of Documents, Washington, D. c. Price $1.05 (Paper covers) 





CONTENTS 

Introduction------------------------------------------------------------------------------~------------------
History and scope of investigations ______________________________________ - _- _- _-- __ - _- _______ --------------

Previous work----------------------------------------------------------~---------------------------------
Chapter 1. Geography~--------------------------------------------------------------------------------------

Location and extent--------------------------------------------------------------------------------------
Tllemap ____________________________________________________________ ~-------------------------------~---

Historical sketch--------------------------------------------------------~--------------------------------
Spanish entradas-------------------------------------------------------------------~----------------
The trappers----------------------------------------------------------------------------------------
Powell and Wheeler surveys _____________________________________________________ -- ______ --------- _- _--
Crossings of the Colorado _____________________________________________ - _________ - _______ ---- _________ _ 

Topographic outline-------------------~--------~---------------------------------------------------------Climate of southeastern Utah ________________________________________________________ - _______ ---- _________ _ 

General conditions---------------------------------~-------------------------------------------------
Precipitation----------------------------------------------------------------------------------------

lRecords-----------------------------------------------------------------------------------------Geographic distribution ___________________________________________________ -_- _______ ---- _________ _ 
V afiation from year to year _________________ --- __ -_------ __ -_--------------------------------------
Seasonal distribution ____________________________________________________________________________ _ 
Character of rainstorms ____ .:. _____________________________________________________________________ _ 

Temperature---------------------------------------------------------------------------------------
Wind----------------------------------------------------------------------------------------------

Soil--------------------------------------------------------------------------~--------------------------Vegctation _____________________________________________________________________________________________ _ 

Aniina~------------------------------------------------------------------------------------------------
Inhabitants-----------------------------------------------------------------------------------------~----

Indian tribes---------------------------------------------------------------------------------------
The ~ormortpioneers--------------------------------------------------------------------------------
Lees FerrY-----------------------------------------------------------------------------------------
Paria-----------------------------------------------------------------------------------------------
Cannonville, Henrieville, and Tropic _________________________________ ---- _______ -·-_-- _____ ------ _______ _ 

Escalante--------------------------------------------------------------------------------------------
Populahlon __________________________________________________________ ~-----------------------------------

AgricuHure----------------------------------------------------------------------------------------------Stock raising _____________________________________________________________________ ~ _____________________ _ 

~ining-------------------------------------------------------------------------------------------------
Chapter 2. Sedimentary rocks----------------------------------------------------------------------------------

General strn.ti~raphic relations ___________________________________ -------------- ___________________________ _ 
Permian formations _______________________ "" ______________________________ . ________________________________ _ 

Location and extent __________________________ -.- _____________________ ..: _______________________________ _ 
Kaibab limestone and Coconino sandstone ______________________________________________________________ _ 

H~torical sketch---------------------------------------------------------------------------------
~orthern Kaibab Plateau--------------------------------------------------------------------------
Circle Cliffs------------~------------------------------------------------------------------------

Physicalfeatures----------------------------------------------------------------------------
StratigraphY--------------------------------------------------------------------------------
Faunal character-----------------------------------------------------------------------------

Classification and correlation _________________________ ---- _______ ------·- ___________________________ _ 
~{aibab-~oenkopi erosion intervaL ____ ---- _____________________________ ---- ___________________________ _ 

Triassic formations ______________________________________________________________________________________ _ 
Historical sketch ____________________________________________________________________________________ _ 

~oenkopi formation-------------------------------------------------------~--------------------------
Areal distribution and thickness ___________ ------ ______ ----- _______ ---- ________ --·--_· _______________ _ 
Lithologic features _________________________ -- __ --- __ ------.-- ___ --------------- ______ ---- __ - ____ ---
StratigraphY-------------------------------------------------------------------------------------Age and correlation _________________________________ ---- ___________ ... _____________________________ _ 

~oenkopi-Shinarump erosion intervaL _________________ --------·------------------ __________ ------- _____ _ 
Shinarump conglomerate------------------------------------------------------------------------------

m 

PRge 
1 
1 
2 
4 
4 
5 
5 
5 
6 
7 

10 
12 
14 
14 
15 
15 
17 
17 
18 
20 
21 
23 
24 
24 
27 
27 
27 
27 
30 
30 
31 
31 
32 
33 
34 
35 
36 
36 
38 
38 
38 
38 
39 
40 
40 
40 
42 
43 
45 
46 
46 
47 
47 
47 
48 
50 
52 
52 



IY CONTENTS 

Chapter 2. Stratigraphy-Continued. 
Triassic formations-Continued. 

Chinle formation _____________________________________________________________________________________ _ 
Definition, areal extent, and thickness __________________________ ..:_~ _________________________________ _ 

Typical sections----------------------------------------------------------~-----------------------
General features of stratigraphy and lithology __________________________________________________ · _____ _ 
Age and correlation ______________________________________________________________________________ _ 

Chinle-VVingate contact--~------------------------------------------------------------------------
Jurassic formations ______________________________________________________________________________________ _ 

H~torical sketch--------------------------------------------------------~------------------------~---
Geneial lithologic features _____ ~ _____ ~~_~ ___ ~ _______________ . _____________________ J ___________________ _ 

Present knowledge of the Jurassic.of southern ·utah _____________________________________________________ _ 
· Major divisions of the Jurassic ___ ~ ~ _ ~ __ .:. _ ~ ______ -~ __ ~ _______________ .,. ___________________ _. ______________ _ 
Glen Canyon group (Jurassic.?) ______ ~- __ ~ __ · ___ ~- ______________________________________________________ _ 

VVinga te sandstone ____ ~ ________ ~ _ ~ _ ~ __________ ~ _________________________________________________ _ 
Todilto (?) formation _______________________________________ .:. ____________________________________ _ 

~avajo sandstone------~-~---~---~-~------------------------------------~------------------------
Distribution and general appearance~ ____ ~~ ____________ ~ _______________________________________ _ 
Stratigraphic features ________________________________________________________________________ _ 
Structure, texture, and composition_~ ____ ~ _____________________ · ________________________________ _ 

Color __ ~--~-------~-------~------------------------~----------------------------------------
Gl€m Canyon group of Paria Valley and westward ___________________________________________________ _ 

San Rafael group (Jurassic) ________________________ . __________ .:. ________________________________________ _ 
Distribution and topographic expression_~ __________________________________________________________ _ 
General stratigraphic and lithoiogic features ________________________________________________________ _ 
.Age and correlation ______________________________________ -________________________________________ _ 
Carmel formation ________ . _______________________________________________________________________ _ 

H~torical~ketch _____ ~-----------------------------------------------------------------------
Stratigraphic sections ________________________________________ ~ _______________________________ _ 

Entradasandstone____ -----------~------------------------------------------------------------
Summerville formatl.... __________________________________ ~ ______ . ________________________ .: ___________ _ 

San Rafael group and Morrison formation (Cretaceous?) undifferentiated ____________________________ -_- ____ _ 
Halls Creek Valley _________________________________________ · _____________________________________ _ 
Escalante Valley _______________________________ . ________________________________________________ _ 
Paria Valley ____________________ · __________ :.. ~ _____ - _______ - _- _________________________ ,.. ___ - - -- ___ _ 
Glen Canyon region ___________________ · ________________________________ · _________________________ · __ 

Cretaceous formations _________ · ____________________ ~ ________________________________________ . _____________ _ 
Previous work _________________________________________ · _______________________ ~ _____________________ _ 
Areal distribution""' ____ · ____ · __________ ~:.. __ ~ __ ~ ______ · __________________________________________________ _ 
Topographic expression ________ ·_~ _____________ · _______________________________________________________ _ 
Classification _________ · ______ · __ · _· _____ ~ _____ -____________ ~ ____ · __ . __ · _______________________ . ______________ _ 
Morrison formation (Cretaceous?)"_-__ · ___ · _______________ . _______________________________________________ _ 

Correlation ____________ ~~:. ____ ~ __ ~ __ · ___ ~~ __ ~ ____________________________________________________ _ 
Areal extent and thickness ___ ~_ - ~ _· _· __ · ________ ~ _____________ ~ ______________________________________ _ 
Lithologic and stratigraphic. features._~ ___ ~ ________________________________________________________ _ 

Stratigraphic sections---~-----~---·_-_· ___ ~ ___ · _______ -------_· ___ ----------------------------------------. 
Morris on-Dakota erosion iii terval ~ __ ~-- _______ -______ ~ ~ ____ ~ __ ~- _____ ~ ____________________________________ _ 

. Dakota (?) sa-ndstone ________ · ___ ·_· ___ -___ ·_· ___ -________ ------~_-__________________________________________ _ 
Lithologic fe.atures _________ ~ __________ -____________ · ___ · __ · __________________________________________ _ 
Stratigraphy __ · ___ ~ __ .. __ . _____ :..· __ · __ · __ -____ · __ · _________ .:. ___________ · __ · __ · _.., __ -___________________________ -· 

Tropic shale_· __ ·_· _____ . ____ ·_· _____ -______ -_____ -· _____ · _____________ ..:-- _____________________________________ _ 
Physical and stratigraphic features __ _-_· __ ·_·_· _____________________________________________________ :_...;_ 
Paleontology __ ·_· ___ -__ -_-_-___ -_-_-_· _____ ..:· ____ -_· ________ -- __ · ___ ----------·----.- _________________________ ..: __ 

Strai~~~~:a~~::::r:~~~~--~- ~-~~·= =·= =-=~=-= = == = =·==:== ===== === = = === ==== ==-= == = = = = = = = = == ==~ = ===== = = = == == ~ = = = = = == ~ 
Stratigraphy __________ · _________ · ___ · ____ ·_·_· ___________ · ____ · ___ · ________________ . ______________________ _ 
Paleontology ____ -__________________ · ________ · _______________ · _______________________________________ _ 

·vvahweap sandstone ___ -______ -___ · __ _._. ________ ~ __ · ________________ -~ ____________ . ______________________ S? __ 

Physical features ___ -_-_______ .· __ ·_· _____ ·_·_· ___ · _________ ..: ____ · ______ ·~ ______ --- __________________________ _ 
Stratigraphy~- ___ -_____ ._._-_ _-___ · ___ _-__ ._·_: _ _-_____ ._-___ _-_______ -____ -_____________ · ______________________ _ 

·undifferentiated Straight Cllffs a·nd VVahweap sandstones. __ · ______ · _______ · ____ · _____________________________ _ 

~!~~~~:t:e~~~:~~i~o-~~ = =·~-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~-~ ~ ~ ~-~~~ ~ ~ ~-~ ~ ~ ~ ~ ~ ~-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ = = = = ~ = ~ = = = = = = = = = = = = = = = = = = = = 
Correlation ___ _-__ .:.._-_-____ _-_-_-_·_·_-__ · ___ -__ -_-____ -_·_· __ · __ _-_____________ · ______________________________________ _ 

Tert~;s~~:~~~;~;~ti6~ -(~~~e-;e)~~~-=-·=-=·=·==:=·=·=·=~= =:=·=:=·=·= =:= =·= = =·=·=·= = =·= = = = = = = = = = = =:= = ~ = = = = = = = = = = =· = = = = = = = = = = = = = =·= = = = = 
Distribution and topographic expre.ssfon __ · __ -_ _' ___ ·_·_---- _-_-_-_________ -------- _ ~ _____ ------------------ _ 
Previous studies _______ · ___ -_-_-__ · ____ -_-_--~-- _____ ·_-_____ ..: ______________ _-__ · _____________________________ _ 

Page 
53 
53 
54 
56 
58 
58 
58 
58 
60 
60 
61 
61 
62 
63 
64 
64 
64 
65 
66 
67 
69 
69 
70 
71 
72 
72 
73 
77 
77 
78 
78 
81 
83 
86 
89 
89 
90 
90 
90 
91 
91 
91 
92 
93 
94 
95 
95 
95 
98 
98 
99 

100 
100 
101 
104 
104 
104 
105 
105 
106 
108 
111 
114 
114 
114 
114 



CONTENTS 

Chapter 2. Stratigraphy-Continued. 
Tertittry rocks-Continued. 

Wasatch formation (Eocene)-Contin.ued. 
Stratigraphic and lithologic features _____________________________ ~ _________________________________ _ 
Unconformity at base of Eocene _________________________________ ..:. _________________________________ _ 

Quaternary depo~ts _____________________________________________________________________________________ _ 

Igneous rocks------~----------------------------------2--------------------------------------------------Chapter 3. Structure ________________________________________________________________________________________ _ 
Historical sketch ________________________________________________________ ~-- 7 -----------------------------Regional relations ___________ "' _______________________________________ ..: ___________________________________ _ 
Method of determination ____________________________ ~ ______________________ .:. ____________________________ _ 
vVatorpocket monocline ___________________________________________________________________________________ _ 
Circle Cliffs upwarp ___________________________________________ .. _________________________________________ _ 
flarris syncline __________________________________________________________________________________________ _ 
Collett anticline _______________________________________________ ---~~·- ___________ · ____________________________ _ 
Escalante Jnonocline _____________________________________________________________________________________ _ 
Kaiparowits downwarp ___________________________________________________________________________________ _ 
Rock Creek anticline _____________________________________________________________________________________ _ 

Croton syncline-----~-----------------------------------------------------------~~-----------------------.Last Chance syncline ___________________________________________________________________________ . _________ _ 
Smoky Mountain anticline ________________________________________________________________________________ _ 
\V n.rm Creek syncline __ .,. __________________________________________________________ ..: ______________________ _ 
Wahwcap syncline ____________________ , _____________________ .., ____________________________________________ _ 
Table Cliff synclin_e ______________________________________________________________________________________ _ 
Echoinonocline _________________________________________________________________________________________ _ 

Pari;plaUorm~---------.:.---------------------------~----------------------------------------------------East I<aibab monocline __________________________________________________________________________________ :..._ 

K~bab upwarP------------------------------------------------------------------------------------------
East Paunsauguntfau"---------------------------------------------~---------------~---------------------Chapter 4. Physiography _____________________________________________________________________________________ _ 
Regional relations _______________ · ________________________________________________________________________ _ 
Factors that influence erosion __________________ ~·- _________________________________________________________ _ 

Climate ____________________________________________________________________________________________ _ 

Vegetation---------------------------------------------------------------------------------~---------Stream gradients ___________________________________ :.. ________________________________________________ _ 

Ground water ________________________ .:.----------~----------------------------------------------------
Relations of topography to geology _______________________________________ -----_~ ___ - ___ -- __ -_--------------

Generalrclations-------------------------------------------------------------------------------------
Relation of valley form to rock hardness. ________________________ ..:.. ____________________________ -.- ________ _ 

Valleys in soft rocks ____________________________ ~ __________ · _____________ · _________________________ _ 
Valleys in hard rock's _______________________________________________________________ -- ___________ _ 
Valleys in hard and soft rocks _________________________________________________ .. ______ .. _ .. _________ _ 

Effect of monoclinal ridges _______________________________________________ - ________ -- _____ ---_---- __ - ___ ;.:. 
Relation of streams to structure _________________ .. ________________________ ------ __ -- __ ~_---- __ -------------_ 
Extent and rate of erosion ____ -·-- ______________ .. _______________________________ · __________________________ _ 
Erosion surfaces _______________________________________ ..:. _______ ~--~ ____ ~ ___ -- ________ ~:2._ -·~·~ _· _-- __ -_-- ____ --

Regional distribution __________________________________________________ · ________________________________ _ 
Cannon ville erosion surface __________________________________________ ~- ___ -.- ______________ -- __ ---- __ ---_ 
Surf ace of I<ai parowi ts Plateau ______ ' _______________________________ ..: _____________________ - - _ :... __ - _____ - _ 
Surface of Paunsaugunt Plateau __________________ ~ ________ ~_:---- ____ · __ ---- ___ -- ____ -. ___ .. --------------

·,Slopes of Aquarius Plateau ______ · ____________________________ ._·_ .. _________ · ___________ -- ____ --------------
·'.. Erosion surfaces at other localities ________________________________________________________ -~ __ --- __ .. ---_ 

Inclosed meanders ___ ----- ___________________________________________ _:._-.- _____________________ · ___________ _ 
Cycles of erosion ______________________ ~_~ ___________________________ ·-.- ________________ .. _______________ _ :.. _ 
Features of valleys _________________________________________________ :.. ~ · ___________________________________ _ 

Glen Canyon----------------------------------------------------~~----------------------------------
Wahweap, Warm, Last Chance, and Rock Valleys ________________ "' ____ ~ ___ "., __ .. _,. __________ -- __ --- __ -----
Pnria Valley ______________________________________________________ ~ .. .:. __ .., _ .. _" _____ . __ ~ _.,. ______________ _ 

Escalante ValleY------------------------------------------------.:.~--~-~~~--.:.-------..:-----------------
M i nor physiographic features ______ ~ __________________________________ ...:~ __ ~ __________________ ------- ____ -- _ 

Alluvial terraces ____________________________________________________ ~·.:.·- __ -~-·· ... L ________ - ____ -- __ -- -- _ 

Canyon w~~-----------------------------------------------------------~--~-----~-------------------Buttes and towers _____________________________________________________________ .. _ ~:.. _. ____ :..: ____________ _ 
Arches and bridges _______ _ :.. ________ · ________________________________________________ ..:. __ · ._' :.· _____ - _----- _ 
Water pockets ______ .. _____________________________ .. __________________ ~ ____________ ... __ ~:.. ~ ___________ _ 
Work of the wind ________________ ~ ____________________________________________ . _______ . ~ .. :. ________ .. __ _ 
Lands li cl es ______ .. _ _ _________________________________________________ - - ____ - _______ . . __ ..: ~ ~ .' ~ - - - - - - - - -

v 

Pagf'. 

115 
116 
116 
116 
117. 
117 
118 
119 
119 
119 
120 
120 
120 
120 
121 
121 
121 
121 
121 
121 
122 
122 
122 
122 
123 
123 
125 
125 
125 
125 
126 
126 
127 
127 
127 
128 
128 
129 
129 
129 
131 
132 
133 
133 
133 
134 
134 
135 
135 
135 
138 
139 
139 
140 
141 
142 
143 
143 
144 
144 
144 
145 
145 
145 



VI CONTENTS 

Chap~:~:~_~~~~~~~~ _g_e~~~-:~ = = ~ = = = = = = ~ = = = = = = ~ = = = = ~ ~ ~ ~ ~ = ~ ~ = ~ ~ ~ ~ ~ ~ ~ ~ ·~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Page 

147 
147 
148 
148 
148 
149 
149 
154 
154 
155 
156 
157 
159 

Copper-------------------------------------------------------------------------------------------------
Coal---------------------------------------------------------------------------------------------------

D~tribution----------------------~-----------------------------------------------------------------~ 
Coal in the Dakota(?) sandstone and Tropic shale ____________________________ ·---------------------------
Coal in the Straight Cliffs sandstone __________________________________________________________________ _ 

Oil and gas----------------------------------------------------------------------------------------------
Stratigraphic considerations _________________________________________ · __________________________________ _ 
Structural.relations __________________ '"' __________ · _____________ _ :.. ~ ______________ . _______________________ _ 

Exploration ____________ ;_-----------------------------------------------------------------------------
Conclu~ons ________________________________________________ ~-----------------------------------------

Index-------------------------------------------------------------------------------------------------------

ILLUSTRATIONS 

Page 

.PLATE 1. Topographic map of Kaiparowits region, Utah-Arizona----------------------------------------------- In pocket. 
2. Geologic map of Kaiparowits region, Utah-Arizona--------------------------------------------------- In pocket. 
3. Generalized view of Kaiparowits region looking north from the Utah-Arizona boundary line___________________ 8 
4. A, Contact of Moenkopi formatio:q and Kaibab limestone at mouth of Kaibab Gulch; B, Contact of Kaibab lime

stone and Hermit shale in Kaibab Gulch; C, View along old Ute trail leading to the Crossing of the Fathers; 
D, "Trail" over Navajo sandstone, Waterpocket Fold, near Baker ranch ____________________________ .. ____ 40 

·5. Correlation chart showing relations of the Paleozoic and Mesozoic rocks of the Kaiparowits region .to those '"of 
adjacentregions----------------------------------------------------------------------------------- 40 

6. A, Marble .Gorge; B, Kaibab limestone near junction of Silver Falls and Muley Twist roads___________________ 40 
7. A, Shnabkaib shale member of Moenkopi formation about 3 miles southwest of Paria; B, Moenkopi strata uncon

formably overlain by Shinarump conglomerate in northern part of Circle Cliffs; C, Butte 1 mile southwest of 
Paria _______________________________ -·- ______________________________ -·------- _ ____ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ 41 

8. A, View looking north across Colorado River near Lees Ferry; B, Butte of Chinle shale capped by jointed Wingate 
sandstone in-southwestern part 10f .Circle Cliffs _______________ ~ ____ --------_____________________________ 72 

9: A, Wall of Colorado.River 8 miles above mouth of the Escalante; B, Honeycomb weathering in block of Wingate 
sandstone, Silver Falls Canyon ____________ - ________ .:.________________________________________________ 72 

10. A, Glen Canyon west of Kane Creek; B, Wall bordering Kane Creek; C, Glen Canyon near mouth of Warm 

Springs Creek ___________ .:.------------------------------------------------------------------------- 72 
· 11. A, Banded red and white sandstone and calcareous shale of Carmel· formation near Crossing of the Fathers; B, 

Cliff of massive Entrada sandstone overlain by banded Summerville strata and capped by remnants of Mor-
rison sandstone, Halls Creek Valley near Baker ranch-------------------------------------------------- 72 

12. A, Slab of ripple-marked shaly sandstone in Carmel formation, 40 feet above top of Navajo in Dry Canyon; B, 
Evenly stratified Entrada sandstone near Cannonville; C, Cross-bedded Entrada sandstone near Cannonville_ 72 

13. A, Banded shaly Summerville (?) sandstone 1 mile southwest of Cannonville; B, Morrison (?) sandstone on lower 
Wahweap Creek ______ ------------------ ________ --_---_--------- ______________________________ ···-___ 73 

14; A, Straight Cliffs sandstone on Escalante River west of Escalante; B, Tropic shale overlain by Straight Cliffs 
sandstone, Wahweap Creek; C, Wall of Wahweap sandstone, Wahweap· Creek_____________________________ 104 

15. Bryce-Canyon--------------------------------------------------------------------------------------- 105 
16. Structure map of Kaiparowits region ________________ ------ ___________ ------____________________________ 12(} 
17. Geologic sections across Kaiparowits region __ --- ____ ---- _______ ------ _______________________________ In pocket. 
18. Panoramic view from crest of Waterpocket Fold and sketch showing surface distribution of formations_________ 120 
19. A, View looking south along Halls Valley from point just above mouth of Muley Twist Creek; B, East Kaibab 

monocline.:.-----~---------------------------------------------------------------------------------- 121 
20. A, B, Views from a point near the "Gut"---------------------------~----------------------------------- 136 
21. A, View along face of Straight Cliffs; B, Monoclinal valley in Tropic shale along Eas.t Kaibab monocline east of 

Butler Valley; C, Colorado River from a pinnacle above Lees Ferry_ ------------------------------------- 136· 
22. A, Glen Canyon west of mouth of Kane Creek; B, Dry Valley, a bowl-like depression cut in the soft strata of the 

San Rafael group and the Morrison(?) formation; C, Strongly undercut meander on Muley Twist Creek_____ 136· 
23. A, Canyon of Death Hollow Creek; B, Canyon tributary to Muley Twist Creek_____________________________ 136. 
24. Topographic and geologic map of a part of the Waterpocket monocline_____________________________________ 136 
25. A, Colorado River at Halls Crossing; B, Cannonville erosion surface from point near head of Little Canyon_____ 136 
26. A, Paria Valley near Paria; B, Paria River below Paria; C, Glen Canyon at Waterpocket Fold________________ 152 
27. A, Paria Valley near mouth of Cottonwood Creek; B, Paria Valley 1 mile below mouth of Cottonwood Creek; C, 

Cave.in,Navajo·sandstone,·Harris·-Wash; D, Arch formed by erosion of Navajo sandstone in wall of Escalante· 
Canyon above mouth of Sand Wash _______________ ---- ____________ ---- _____ ----______________________ 152 

28. Erosion remnants _____________ ---- _____ ------------------- ______ --·----_______________________________ 152 
29. A, Gold dredge on Colorado River near mouth of Hanson (Pine Alcove) Creek; B, Steamboat Charles H. Spencer, 

constructed to transport coal from Warm Creek to Lees Ferry for placer mining___________________________ 152 
30. Coal sections measured in Kane and Garfield Counties, Utah---------------------------------------------- 152 
31. A, Petroliferous Moenkopi strata in eastern part of Circle Cliffs; B, Oil Reep on bank of Colorado River at 

"Bennett's. oil fields" ___________________________________________ -·___________________________________ 152 



CONTENTS 

FIGURE 1. Map showing the location of the Kaiparowits region _________ ·------------------------------------------
2. Map of sout.heastern Utah showing location of meteorologic stations with reference to the rims of the High 

Plateaus and to Colorado Valley __________________________________________________________________ _ 
3. Total and mean annual precipitation at stations in southeastern Utah _______________ ·- ___________________ _ 

4. Seasonal distribution of rainfall in southeastern Utah--------------------------------------------------
5. Relation of time of killing frost to altitude in southeastern Utah ____________________________ ~------------
6. Correlation of Cretaceous formations and distribution of faunas in Utah and adjacent regions ______________ _ 
7. Generalized block diagrams representing stages in the physiographic history of the upper Paria Valley _______ _ 
8. Map of a part of Kane County, Utah, showing distribution of coal exposures in the Straight Cliffs sandstone 

along the tributaries of Warm and Last Chance Creeks ___________________ -------- ___________________ _ 
9. Outline stratigraphic and structural map of the Circle Cliffs area, Garfield County, Utah ________ ..: _________ _ 

VII 

Page 
4 

18 
19 
20 
23 

113 
123 

150 
155 



THE KAIPAROWITS REGION 
A GEOGRAPHIC AND GEOLOGIC RECONNAISSANCE OF PARTS OF UTAH AND ARIZONA 

By HERBERT E. GREGORY and RAYMOND C. MooRE 

INTRODUCTION 

HISTORY AND SCOPE OF INVESTIGATIONS 

In their traverse of the Colorado River and of the 
rim of the I-Iigh Plateaus the members of the Powell 
Survey outlined a large area between the Henry 
Mountains and the. I\:aibab Plateau within which the 
1\:aipa,rowits Plateau is the dominating feature. Diffi
culty of access, dry climate, scant vegetation, small 
water supplies, and complete absence of human 
population prevented a study of this region under the 
conditions then prevailing, and the trappers and 
prospectors who preceded and followed these early 
explorers were little interested in making detailed 
examinations of the sandstones that constitute most 
of the bedrock. Largely for these reasons the Kaipa
rowits region has long remained geologically unknown, 
and probably parts of it at least have been seen by 
white n1en only within the last 10 years. Geologic 
surveys within this unmapped area were needed for 
correlating the formations and structure with those in 
surrounding areas, and it seemed desirable tq know 
more of the physical features-the soil, water, climate, 
and vegetation-as a guide in determining the use to 
which this area of largely unappropriated land might 
be put. Furthermore, the very fact that the existing 
knowledge of the region was 1neager made a strong 
appeal. 

'\Vith these ideas in mind field work designed to 
cover those parts of southeastern Utah that had not 
been examined by scientific parties was begun by 
Gregory in 1915. During that year a pack-train trav
erse was made from Lees Ferry along the north wall 
of Glen Canyon and thence northeastward across the 
I\:aiparowits Plateau, through a region unmarked by 
trails. From the head of Collett Wash the traverse 
was continued to .Escalante, where supplies and ad
ditional horses were obtained, thence down the Es
calante River, across the W aterpocket Fold, and 
through the Henry Mountains to the mouth of 
Trachyte Creek, where the Colorado was crossed by 
swimming the horses and ferrying the equipment on a 
makeshift raft. The worl_{ of the season ended with 
the traverse of White Canyon and the slopes of Abajo 

18940--31-2 

~fountain. The purposes of this exploration-to de
termine routes, to locate water holes, and to select 
areas where detailed geologic study could profitably 
be undertaken-were successfully accomplished. It 
v.-as found that the stratigraphic formations previ
ously mapped in the Navajo country extended with 
little change throughout southeastern Utah. 

During the summer of 1918 the exploratory survey 
by Gregory was continued. Arter leaving Green River, 
Utah, on May 2, three weeks was spent in the study 
of stratigraphic sections at Temple '\Vash (San Rafael 
Swell), Pleasant Valley, Tantalus Valley, and along 
the Waterpocket Fold to the Colorado River at the 
mouths of Halls and Hanson Creeks. After crossing 
the '\Vaterpocket Fold at Muley Twist, the next five 
weeks was devoted to an investigation of the physi
ography and stratigraphy of the Escalante Valley, 
the rim of Glen Canyon, and the Kaiparowits Plateau · 
and the examination of the geologic features of th.e 
Paria, Wahweap,. and '\Varm Creek Valleys at places 
not previously visited. In 1922, after completing in
vestigations in the Kanab and Parunaweap Valleys, 
Gregory and L. F. Noble extended their geologic 
traverse of Nevada and western Utah to include the 
Paria Valley and the south side of the Kaiparowits 
Plateau: The top and the east end of the Kaipa
rowits Plateau were examined, and sections were 
measured at Canaan Peak, Henrieville, and Tropic. 
In 1924 Gregory spent two weeks in a study of 
Mesozoic and Tertiary strata along the eastern tribu
taries of the Paria River, and in 1925 and 1927 he 
extended the survey eastward across Glen Canyon to 
correlate 'the geographic and geologic features of the 
1\:aiparowits region with those of southeastern Utah 
and southwestern Colorado. 

Because of the possibility that the Circle Cliffs 
region might contain oil pools, Moore was assigned 
to stratigraphic and structural studies in this part of 
southern Utah for three months in the summer. of 
1921. Assisted by A. C. Tester and P. C. Benedict, 
4e rna pped the Circle Clift's dome, a part of the 
Straight Cliffs front, the Harris Valley southeast of 
Escalante, and the Halls Valley from Muley Twist 
Creek to the Colorado River. In addition to fairly 

~. 



2 THE KAIPAROWITS REGION 

precise though rapid geologic and structural map
ping, numerous stratigraphic sections were measured 
and some fossils were collected. A reconnaissance 
study was· rriade of the Tertiary and Mesozoic forma
tions north of Kanab, where the party outfitted, of 
the Kaibab. Plateau southward to the rim of the 
Grand Canyon, and along the route across the Paun
saugunt Plateau to Tropic and Henrieville in the 
upper Paria Valley and to Escalante by way of the 
road south of the Table Cliff Plateau. A trip was 
made from the lower Halls Creek Valley to the point 
on the Colorado River where the Waterpocket Fold 
reached Glen Canyon. In the later part of the field 
season a small area of coal land was studied in . 
southern Wayne County on the northwest slope of 
Mount Ellen, the most· northerly and highest of the 
peaks in the Henry Mountains. After passing through 
the Pleasant Valley and Capitol Reef Wash the party 

· proceeded by way of Fruita and Loa to Richfield. 
Beginning early in June, 1922, Moore's work was 

continued in the Kaiparowits region, with the pri
mary object of classifying a large territory in south
central Garfield and eastern Kane Counties that had 
been withdrawn as possible coal land. A. C. Tester 
and N. W. Bass were assistants. In general the work 
was similar to that of the previous year, but in addi
tion a reconnaissance topographic map was prepared. 
(See pl. 1.) 
· Investigations were. directed chiefly to the Creta
ceous rocks of the Kaiparowits Plateau and a 
part of the upper Paria Valley, but the older and 
younger rocks were studied and mapped throughout 
most of the region. Field work terminated Sep
tember 7. 

In July, 1923, as geologist o£ the party engaged 
in rna pping the Colorado River in the Grand Canyon, 
Moore had opportunity to study the rock formations 
in the Lees Ferry area. 

Although the work of Gregory was primarily a 
geographic and stratigraphic reconnaissance, and that 
o£ Moore consisted of basic studies for possible future 

· economic development, the conditions that governed 
the work permitted both investigators to make observa
tions relating to all subdivisions of geology. Partsof 
the area were studied by both geologists. Under· these 
circumstances the results of the field studies may prop
erly appear as a single report under joint authorship. 

The authorship of the paper has been divided as fol
lows : Chapter 1 and the sections on the Triassic, Juras
sic, and Tertiary in chapter 2 have been written mainly 
by Gregory. Chapter 3 R.nd the sections on the pre-

Triassic and Cretaceous in chapter 2 have been written 
mainly by Moore, and the base map, geologit; map, 
structure map, and geologic sections have been pre
pared under his direction. Chapters 4 and 5 represent 
a combination of manuscripts by both authors. This 
subdivision of work has been adopted for convenience 
only. The authors share responsibility equally for the 
observations recorded and the opinions expressed. · 

These investigations in the Kaiparowits region are 
by no means exhaustive. Much of the w6rk is recon
naissance-some o:f it exploratory-but the text and 
maps should fairly well present the major :features o:£ 
the geography and geology o:£ this interesting part 
o:£ the Colorado plateau~. 

PREVIOUS WORK 

After the termination o:£ the Powell and Wheeler 
surveys (see p. 7) a quarter o:£ a century passed be
fore the region that borders Glen Canyon became a 
field for geologic study. 
. In 1900 a party consisting o:£ Tempest Anderson, 
R. L. Barrett, W. M. Davis, Richard E. Dodge, and 
Herbert E. Gregory visited Lees Ferry on their way 
from Flagstaff, Ariz., to Toquerville, Utah.· Studies 
made by them o:£ the physiographic features o:£ Echo 
Cliffs and the Paria Plateau are recorded by Davis.1 

Lees Ferry was again visited by Johnson 2 and 
Shimer 8 in 1906. 

In 1913 Lawson' published a paper on the economic 
aspects o:£ the " Shinarump clays " (Chinle formation 
o:£ present nomenclature) near the settlement o:£ Paria, 
and brief notes on the coal at Escalante and Warm 
Creek and the placer gold along Glen Canyon have 
appeared in engineering and mining journals. With 
these exceptions, no geologic studies had been made in· 
the Kaiparowits region prior to the field work on 
which the present report is based. On the borders of 
the area exploratory surveys and detailed reconnais
sance surveys had been made, and for a large part of 
the area the atlas sheets o:£ the Wheeler and Powell 
surveys, which indicate the supposed extension east
ward o:£ the geologic :formations represented in ·the 
High Plateaus, are available. 

1 Davis, W. M., An excursion to the Grand Canyon of the Colorado: 
Harv:ard Coli. Mus. Comp. Zoology Bull., vol. 38 (geol. ser., vol. 5), pp: 
107-198, 1901. 

2 Johnson, D. W., Report on the geological excursion through New 
Mexico, Arizona, and Utah, summer of 1906 : Tech. Quart., vol. 19, pp. 
408-415, 1906. 

s Shimer, H. W., Permo-Carboniferous of northwestern Arizona: Geol. 
Soc. America Bull., vol. 30, pp. 477-479, 1919. 

'Lawson, A. C., The gold in the Shinarump at Paria: Econ. Geology, 
vol. 8, pp. 434-448, 1913. · 
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Since the beginning of the field studies on which the 
present report is based, twenty papers 5 that relate 
directly to this region have appeared. Several papers 
relating to bordering areas in which the stratigraphic 

11 Longwell, C. R., Miser, H. D., .Moore, R. C., Bryan, Kirk, and 
Paige, Sidney,. Roclc formations in the Colorado Plateau of southeastern 
Utah and northern Arizona : U. S. Geol. Survey Prof. Paper 132, pp. 
1-23, 1925. Moore, R. C., Stratigraphy of a part of southern Utah : 
Am. Assoc. Petroleum Geologists Bun:, vol. 6, pp. 199-227, 1922. 
Bryan, Kirk, Wind erosion at Lees Ferry: Am. Jour. Sci., 5th ser., 
vol. 6, pp. 291-307, 1923. Gregory, H. E., and Noble, L. F., Notes on 
a geological traverse from Mojave, Calif., to the mouth of tbe San 
Juan: Am. Jour. Sci., 5th ser., vol. 5, pp. 229-238, 1923. Bryan, Kirk, 
Discussion on rock'·filled dam, Lees Ferry: Am. Soc. Civil Eng. Trans., 
vol. 80, pp. 1616-1627, 1923. La Rue, E. C., Water power and flood 
control of Colorado River below Green River, Utah : U. S. Geol. Survey 
Water-Supply Paper 566, 1926. Noble, L. F., A section of the Kaibab 
Jtmestone In Kaibab Gulch, Utah : U. S. Geol. Survey Prof. Paper 150, 
pp. 41-60, 1028. Moore, R. C., Origin of inclosed meanders on streams 
of the Colorado Plateau: Jour. Geology, vol. 34, pp. 29-67, 1926. 
Moore, R. C., Significance of inclosed meanders in the physiographic 
history of the Colorado Plateau country: Jour. Geology, vol. 34, pp. 
97-130, 1926. Berry, E. W., Cycads in the Shinarump conglomerate 
of southern Utah: Washington Acad. Scl. Jour., vol. 17, pp. 303-307, 
1927. Gregory, H. E., The Navajo country-a geographic and hydro
graphic reconnaissance of parts of Arizona, New Mexico, and Utah : 
U. S. Geol. Survey Water-Supply Paper 380, 1916; Geology of the 
Navajo country-a reconnaissance of parts of Arizona, New Mexico, 
nnd Utnh: U. S. Geol. Survey Prof. Paoer 93, 1917. Emery, W. B., 

sequence is closely similar to that of the Kaiparowits 
region have also been published.6 

The papers by Noble, Reeside and' Bassler, Gilluly 
and Reeside, and that published under the joint au
thorship of Lo.ngwell, Miser, Moore, Bryan, and Paige 
are of particular value for comparative studies. 

The Green River Desert section, Utah : Am. Jour. Sci., 4th ser., vol. 46, 
pp. 551-577, 1918. Dalce, C. L., Horizon of the marine Jurassic of 
Utah: Jour. Geology, vol. 27, pp. 634-646, 1919; The pre-Moenkopi 
(pre-Permian?) unconformity of the Colorado Plateau: Jour. Geology, 
vol. 28, pp. 61-74, 1920. Butler, B. S., and others, Ore deposits of 
. Utah: U. S. Geol. Survey Prof. Paper 111, 1920. Noble, L. F., A sec
tion of the Paleozoic formations of the Grand Canyon at the Bass 
trail: U. S. Geol. Survey Prof. Paper 131, pp. 23-33, 1923. Reeside, 
J. B., jr., and Bassler, Harvey, Stratigraphic sections in southwestern 
Utah and northwestern Arizona: U. S. Geol. Survey Prof. Paper 129; 
pp. 53-77, 1922. Miser, H. D., Geologic structure of San Juan Canyon 
and adjacent country, Utah: U. S. Geol. Survey Bull. 751, pp. 115-1Ci6, 
1924. Longwell, C. R., The pre-Triassic unconformity in southern 
Nevada: Am. Jour. Sci., 5th ser., vol. 10, pp. 93-106, 1925. 

8 Gilluly, James, and Reeside, J. B., jr., Sedimentary rocks of the 
San Rafael Swe11 and some adjacent areas in eastern Utah: U. S. Geol. 
Survey Prof. Paper 150, pp. 61-110, 1928. Longwell, C. R., Geology 
of the Muddy Mountains, Nev., with a section to the Grand Wash 
Cliffs in western Arizona: Am. Jour. Sci., 5th ser., vol. 1, pp. 3Q-62, · 
1921. Cross, Whitman, Stratigraphic results of a reconnalBBance in 
western Colorado and eastern Utah: Jour. Geology, vol. i5, pp. 
634-679, 1907. 
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CHAPTER 1. GEOGRAPHY 

LOCATION AND EXTENT 

·The Kaiparowits region lies mostly in -Garfield. 
.-County and Kane County, southern Utah, but includes 
a small part of Coconino County, Ariz. (See fig. 1 
and pl. 1.) _It is approximately included between par-

·, J .'. 

northeast boundary is :aalls Creek. As thus approxi-· 
mately outlined the region has a length of 90 miles, 
a breadth of 80 n1iles, and ah area of 5,400 square 
miles, nearly all in Utah .. It- .is a vast expanse of 
und~veloped grazing land utiliz.ed by a sparse popu-

lation that clusters in a few small set-
dements where water for irrigation is 
available. It is remote from.the popu
lation centers of Utah and Arizona. 
The villages of Tropic, Cannonville, 
and Henrieville, near the head of the 
Pari a Valley, mark the terminus of 
an automobile road 90 miles long that 
reaches the Denver & Rio Grande 
'Vestern Railroad at Marysvale, Utah. 
From Marysvale a highway also ex
tends 80 n1iles to Escalante and con
tinues 35 1niles to Boulder as a wagon 
road. 

The five settlements-Tropic, Can
nonville, Henrieville, Escalante, and 
'Boulder, situated at the base of the 
High Plateaus-are the only per-

1 n1anent centers of population, and the 

~~~·~~~~~~~~~~~~~~~~~~~~~~~~~ roads to th~ are the only ones ~~ 
., are kept in repair. l'o reach the few 

intermittently cultivated dry farms 
: and the temporary stock camps, roads , I hEave

1 
beenVn

1
1
1
arked

1 
out p~ownC th

1
e 

sea ante a ey, a ong 1ne ree { 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ and Halls Cree~ and down Paria 
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FIGURE 1.-Map showing the location of the Kaiparowits region (shaded area) 

Creek. 'i\Tith suitable wagons it is pos
sible· to reach 'V arm Creek and the 
Circle Cliffs and to cross the 'Vater
pocket Fold, and at times supplies 
have been brought to the settlmnents by 
wagons from l(anab, 40 miles west; 
from Green River, 150 miles north ; 
and even from Flagstaff, Ariz., 250 
miles south. Except for the county 
roads to Marysvale and to Panguitch 
and those in ·the immediate vicinity 

allels 37° and 38° and meridians 110° 45' and 112° 
30'. Its south and southeast boundary is formed by 
Glen Canyon of the Colorado River; its west and 
north boundary follows the valley of the Paria River, 
the edge of the Paunsaugun.t Plateau, the west bar;:e 
of the Table Cliff Plateau, and the rim of the Aquarius · 
Plateau to its junction ~ith the Waterpocket Fold; its 

4 

of· the villages, however, the recognized "ways of 
going " may be called roads only fo·r the want of a 
better name. They are in reality trails with alternat
ing stretches of sand, bare rock, and steep inclines 
over which with few mishaps a skillful driver 1nay 
conduct a strongly built, lightly loaded wagon. For 
most of the Kaiparowits region saddle horses and 
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pack trains are the only practicable means of trans
port. (See pl. 4, 0, D.) Only one established trail 
crosses the J(aiparowits Plateau. 

The deep-cut interlocking canyons tributary to the 
Colorado, the buttressed walls of the J(aiparowits 
Plateau, and its distance from settlements make the 
eastern half of J(ane County peculiarly difficult of 
access, and the information obtainable from the few 
stock men. who have penetrated parts of this region 
is 1~1eager and unreliable. The explorer must rely 
on his experience and knowledge of topography to 
find routes and water holes. 

THE MAP 

The topographic base map that accompanies this 
report was prepared from plane-table surveys by 
~1oore, supplemented by maps of the country along 
Glen Canyon made by the Colorado River surveys 
of 1921, by a map of the Powell National Forest made 
by the Forest Service, and by the reconnaissance maps 
of the Powell Survey. (See pl. 1.) 

In the Circle Cliffs, along the ·vvaterpocket Fold, 
and in the middle part of the Escalante Valley an area . 
of about 650 square miles was mapped on a scale of 
1 inch to the mile, with plane table and alidade. Al
titudes were determined by vertical angles based on a 
bench mark of the United States Coast and Geodetic 
Survey in I-Ialls Valley and locations by stadia trav
erse and triangulation. Section corners were located 
southeast of Escalante and northeast of the Circle 
Cliffs, and their positions and those of control points 
in 'the intervening area were established by primary 
triangulation. In the region east of the Paria River 
n.nd along the south flank of the J(aiparowits Plateau 
about 1,450 square miles was mapped with plane table 
and alidade on a scale of 1 inch to the mile, and a 
reconnaissa.nce topographic map was prepared. This· 
survey showed that even the largest stream courses 
and the most prominent cliffs and mesas were inac
curately or quite erroneously represented on the 
earlier maps. 

The. geologic mapping may. be classed as detailed 
reconnaissance. For parts of the region knowledge 
of the stratigraphy and structure is insufficient for 
predse mapping; for other parts more of the geology 
i~ known than is practicable to represent on the base 
map. The geologic boundaries in much of the region 
a.re based on mapping with plane table and alidade on 
a scn1e of 1 inch to the mile. Though the geologic 
map does not attain a uniformly high degree of ac
curacy, it probably r~cords fairly the significant fea
ttu·es in the geology of southeastern' Utah. (See pl. 2.) 

HISTORICAL SKETCH 

SPANISH ENTRADAS 

The occupation of central Mexico by the Spaniards 
in 1514 was followed by a series of exploratory expe-

ditions to the regions that lie to tJ:le .J;19r.~h; The first 
expedition, under Nufio de .Guzman; met with disaster 
before. reaching the Rio Gran.d~. Marcos de .Niza 
was more fortunate. Accompanied· by thr:ee other 
priests, the Barbary negro Estevanico, and . a small 
body of soldiers, he traversed Sonora and western 
Arizona, reaching Zufii. in 1540. His descriptions of 
the scenery and especially. of. the interesting pueblo 
villages led to the elaborately organized expedition of 
Francisco Vasquez de Coron~do, p:r;esident of New 
Spain. From Zufii as a base, Coronado dispatched 

·expeditions into surrounding regions. Juan de Pa
dilla and Pedro de Tovar discovered the unique Hopi 
villages, and Garcia Lopez de Cardenas came, in his 
journey northwestward along the. Moenkopi trail, to 
a great river whose banks extended "three or four 
leagues into the air " and were "broken into pinnacles 
higher than the tower of the cathedral of ·Seville.". 
Undoubtedly Cardenas was the first white wan to .see 
any part of the Colorado canyons.7 

After the expedition o·f Coronado ( 1540), Spanish 
exploration included visits to the coast of California 
( Cabrillo, 15'42-43; Velasco, 1564), excursions among 
the pueblos between ·the Rio Grande and the little 
Colorado (Espejo, 1582-83), and the founding of 
Santa Fe by Juan de Ofiate (1611). Explorations in 
the Gulf of California were made by Vizcaino ( 1595-
96), Iturbi (1615), Ortega (1632), Carboneli (1636), 
Canas (1642), Casanate (1648), and Pinadero (1664). 
The Jesuits (1642-1766) added little to the existing 
store of geographic knowledge, but the Franciscans 
(1767-1812) undertook ma,ny expeditions into un
known territory now included in New Mexico, Ari
zona, Utah, and California. So far as known only 
one of these famous entradas reached the lands beyond 
the canyons of the Colorado. 

Silvestre Velez de Escalante, ministro doctrinero:·.of 
Zufii, and Francisco Atanasio Dominguez, visitador 
comisario of New Mexico, ·set out from Santa Fe on 
July 29, 1776, for the. purpose of discovering a. better 
route from New Mexico to Monterey than the one. by 
way of Gila, Mojave, and San Gabriel. .In. addition 
to these. two priests the party included Juan Pedro 
Cisneros, alcalde· mayor of Zufii, Bernardo. Miera y 
Pacheco,. capitan miliciano of Santa Fe; and five 
soldiers-Joaquin Lane, Lorenzo Olivares,· Lucrecio 
~1ufiiz, Andres Mufiiz~ and Juan de Aguilar y Simon 
Lucero.8 From the clear desci-iption by Escalante 
his route is readily traced. It led through the La 
Plata Mountains, across the. eastern part of the Great 
Sa O'e Plains to the base of the La Sal Mountains, 

0 

thence northwestward across the Colorado and Green 

7 For additional details and references, see Gregot·y, H. El., 'I'he 
Navajo country-a geographic and hydrographic reconnaissance of 
parts of ·Arizona, New Mexico, and Utah: U. S. Geol.. Survey Water-
Supply Paper 380, 1!H6. . . , 

s Escalante S. V. de, Diario, in Documentos para In llistoria de
M~xlco, ser. 2, vol. 1, p. 378. 
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Rivers and through the Wasatch Plateau to Utah 
Lake. 

It is difficult to picture the motives that led Escalante 
to tak_e this extremely circuitous route. He may have 
been Influenced by current rumors of a great river 
north and east of Monterey, which might. lead him 
to the California coast, and by vague accounts of tribes 
and villages north of Tusayan, but a reading of the 
Diario gives the impression that,zeal for exploration, 
the pure joy of seeing unknown lands and unknown 
people, exerted a strong influence. Whatever the rea
sons that brought Escalante's party to the west base 
of the Wasatch, it was evident to the leader that fur
ther travel to the north and west would lead away 
from his prospectiv~ goal. He therefore turned south, 
crossing streams leading from the mountains. Find
ing that the Indians knew nothing of roads to the 
sea or to the Spanish settlements at the south the 

' contemplated journey to California was abandoned 
with keen regret and the decision reached to return 
to Santa Fe through the Moqui villages. This deci
sion necessitated crossing the Colorado and long jour
ne!s throu~~ unknown lands. With the scant sup
phes remaining, supplemented by seeds and pifion 
nuts, the party. made their way along the base of the 
Wasatch to the Virgin River, thence eastward. from 
the vicinity of St. George, heading canyons, crossing 
plateaus, following dry valleys, and finally reaching 
the Colorado September 26. After a 12 days' search 
fo: a possible crossing among the cliffs and sharply cut 
tributary gorges of Marble Gorge and Glen Canyon, 
an old Indian ford was found at the point since known 
as the Crossing of the Fathers. The route southeast 
from the ·crossing presented no great difficulties, and 
the party reached Oraibi November 16, 1776, and Zu:fi.i 
January 2, 1777. The traverse of the plateaus and 
gorges _north of Grand and Glen Canyons and the 
crossing of the river is perhaps the most difficult 
undertaking credited to the intrepid Spanish padres. 
The Hurricane Cliffs and Kanab Canyon are formi
?able obstacles, and from the Paria eastward the region 
Is desolate and abandoned even by Indians· it is a 
" ' no man's land" that separates the Utes from the 
roving Navajos. Access to the Crossing of the Fathers 
is through a narrow gorge, down precipitous slopes, 
and crossing is feasible only at low water or on ice 
during abnormal win~ers. (See pl. 4, 0.) Lieutenant 
Marshall,9 who in 1872 found the ford but did not 
cross, described the . region as " one of remarkable 
grandeur and almost unique in its loneliness." So far 
as known Escalante was the first white man to traverse 
southern Utah and the only explorer to enter Glen 
Canyon before Powell's memorable traverse, nearly a 
century later. 

0 U. S. Geog. Surveys W. lOOth Mer. Rept., vol. 1, p. 53, 1889. 

THE TRAPPERS 

During the second and third decades of the nine
teenth century trappers and fur traders crossed the 
Rockies and pushed their way into the Valley of the 
Colorado, but their wanderings, which mark a note
worthy period in western e:xploration added no thin 0' 

' b 
to the knowledge of southern Utah. After the ovf~r-
thr<;>w of Spanish power in 1821, a few traders ex
tended their operations westward from Santa Fe pPr
haps as far as the lower San Juan, and Chittenden 10 

expresses the belief tha,t in 1824 William Bicknell a 
trapper, wintered on the Colorado below the mo~th 
of the Green River. The Mission Fur Co. and its sue-

. cessor, the American Fur Co., operated chiefly within 
the Mis~ouri River Basin .. The business of the Rocky 
Mountain Fur Co. centered on the Upper Green River 
in Wyoming and extended westward to Salt Lake 
and northwestward into Idaho. 

Camps and ·winter quarters were established on the 
streams of the Uinta Mountains and on the Grand 
River, and parties were at work along the Colorado be
low Camp Mojave. The intervening stretch of about 

1600 miles was unmolested. It offered few attractions 
to the trappers. It was not beaver country nor buffalo 
range.. The river "could not be approached," its 
bordering country was" desolate,"" desert," and trav
ersed by "impassable chasms." Little food was to 
be obtained, and few Indians were there to be robbed. 
The fur hunters _were interested in beavers, not 
scenery. With the exception of James 0. Pattie 11 

who in 1826 made his way northeastward from Moja~e 
to the Green River along the general course of the 
Colorado, no trapper is known to have been on or near 
the great river between the mouth of the Green and 
the mouth of the Virgin. Pattie's narrative is a fas
cinatin~ sto~y of trapper life, but unfortunately it is 
so deficient In geographic description that the route 
followed can not be traced. After it leaves Black 
Canyon the trai1 is picked up with assurance only at 
the headwaters of the Platte. 

Fremont 12 summarizes the know ledge of 1843 in 
the following terms: · 

The Colorado is but little known, and that little derived 
~rom vague repor.t. Three hundred miles of its lower part, as 
1t approaches the Gulf of California, is reported to be smooth 
and_ tranquil; but its upper part is manifestly broken into 
~~ny falls and rapids. From many descriptions of trappers, 
1t lS probable that in its foaming course among its lofty preci
pices it presents many scenes of wild grandeur; and though 
offering many temptations and often discussed, no trappers 

1° Chittenden, H. M., The American f~r trade of the Far West, vol 2. 
pp. 506-507, 1902. 

11 Pattie, J. 0., Personal adventures of James 0. Pattie, of Kentucky, 
edited by Timothy Flint, 1833. 

12 Fr~mont, .J. C., Report of the exploring expedition to the Rocky 
Mountains In 1842: 28th Cong., 2d sess., S. Doc. 174, pp. 129-130 
1845. • 
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have been found bold enough to undertake a voyage which has 
so certain a prospect of a fatal termination. · 

I ves 18 pays his respects to the Grand Canyon in 
the vicinity of Cataract Creek in the following terms : 

Ours has been the first and will doubtless be the last party 
of whites .to visit this profitless locality. It seems intended 
by nature that the Colorado River, along the greater purt 
of its lonely and majestic way, shall be forever unvisited and 
undisturbed. 

POWELL AND WHEELER SURVEYS 

During 1867, 1868, and 1869 Maj. J. W. Powell 
was engaged in general scientific exploration in west
ern Colorado and eastern Utah under the a-uspices of 
the Smithsonian Institution. While engaged in this 
work he made the memorable trip down the Green 
and Colorado Rivers. Leaving Green River, Wyo., 
the old Indian crossing, May 24, 1869, Gl:mnison's 
crossing of 1853, now Green River, Utah, was passed 
July 13, the mouth of the Green River July 18, the 
Dirty Devil 14 (now Fremont) July 28, the San Juan 
July 31, and the Little Colorado August 10. This 
-extraordinary journey ended August 30 at the mouth 
·of the Virgin River. The course of the Colorado from 
the n1outh of the Green River to the mouth of the 
'Virgin was covered in 23 days, a distance of 539 miles, 
more than 23 miles a day. The task of getting the 
boats along, overcoming obstacles, procuring food, 
.and recording distances and directions left little time 
·Ol' energy for scientific observations beyond the im
mediate river banks. As stated by ~owell: 15 

Our lust trip was so hurried, owing to the loss of rations, 
nnd the scientific instruments were so badly injured that we 
were not satisfied with the results obtained, so we shall 
once more attempt to pass through the canyons in boats, 
devoting two or three years to the trip. 

Although the scientific results were meager, this 
first traverse of the Colorado brought an end to the 

·fantastic stories of swiftly revolving whirlpools, long 
underground passages, and plunging waterfalls. It 
proved that the river could be navigated by daring 
souls with less difficulty and perhaps less danger than 
is involved in traversing its banks across waterless 
tributary canyons and along dry cliffs perched thou
sands of feet above the stream. As expressed by 
the Piutes, the god Tav-woats had made the Colorado 
.gorges as a trail across the arid lands and when ·later 
that trail was closed by sending a mighty stream to 
<>ccupy it, no route to the beautiful land to the west 
remained. 

To obtain fuller knowledge of the region obviously 
required more time, and this involved stores of pro
visions suitably placed along the river route. With 

1B Ives, J. C., Report upon the Colot·ndo River of the West: 36th 
Coug., 1st sess., H. Ex. Doc. 90, 1861. 

u The nnme "Dlt·ty Devil," given by Jack Sum·ner, of Powell's party, 
seems approllrinte fot· this exceptlonnlly mud-laden alkaline stream. 

111 Powell, J. W., Exploration of the Colorado River of the West and 
Us tributaries, p. 106, Smithsonian Inst., 1875. 

these ideas in mind, Powell returned to Utah in 1870 
and from headquarters on the upper Kanab explored 
the canyons of the Virgin and the Uinkaret Plateau, 
investigated a trail to the bottom of the canyon near 
Toroweap, and on his return crossed the river at the 
mouth of the Paria on a ferryboat built of lumber 
brought from ICanab. After consulting with the in
dispensable Mormon scout, Jacob Hamblin, it was 
decided to have supplies taken by pack train to the 
mouth of the Uinta, the mouth of the Dirty Devil, 
the Ute ford (Crossing of the Fathers), and the mouth 
of the Paria. · 

This second expedition left Green River, Wyo., May 
22, 1871, and the mouth of the Green River Septenl
ber 19. Inability of the pack train to reach the mouth 
of the Dirty Devil with provisions compelled the 
expedition to abandon one boat and to hasten the 
journey to the Crossing of the Fathers, where supplies 
had been cached. The party continued to the mouth 
of the Paria and thence to l(anab for winter quarters. 
Powell left the river party at the Crossing of the 
Fathers, followed the ·Ute trail to Paria, and pro
ceeded to Salt Lake City. He thus became the first 
geologist to traverse the southwest base of the Kai
parowits Plateau. 

The plan to recover the boat left at the mouth of 
the Dirty Devil led to the first examination of the 
upper tributaries of the Paria, the headwaters of the 
Escalante, the W aterpocket Fold, and the Henry 
Mountains. Starting from l(anab in ~1ay, 1872, nine 
men in charge of ·A. H. Thompson made their way 
up to Johnson Canyon through Swallow Park and 
along the .base of the Paunsaugunt Plateau, where 
Thompson says: 

Travel was exceedingly slow and difficult. Our progress 
was often barred by a canyon, along whose brink we were 
compelled to follow till some broken-down slope afforded a 
way to descend, then up or down the canyon until another 
broken slope permitted us to ascend, then across a mesa to 
another canyon, repeating the maneuver a dozen times in half 
that number of miles. 

The Paria was reached near the mouth of Yellow 
Creek and the traverse continued to the head of 
Table Cliff Creek [Henrieville Creek] . 

Here we climbed 1,000 feet up a steep clay ridge having 
an average slope of 20° and often not more than 5 feet 
[wide] at the top to the head of a narrow valley called 
Potato Valley [Upper Valley, a branch of the Escalante]. 
Down this we traveled 3 mi~es and made Camp 6 at a cool 
spring in the midst of a beautiful meadow. 

From this camp at the base of the towering pink 
precipices of the Table Cliff Plateau, now the site of 
summer ranches, Thompson 16 studied the surround
ing country. He sayR: 

To the north and 3 miles distant Table Cliff Plateau rose 
3,000 feet above us, its face a succession of inaccessible preci-

16 Thompson, A. H., Report on a trip to the mouth of the Dirty Devil 
River, in Powell, J. w., Exploration of the Colorado River of the West 
nnd its tributaries, pp. 133-145, 1875. 
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pices, and steep, broken, tree-clad slopes. From the base of 
the cliffs long ridges run out to the edge of the valley. To the 
east, above camp, they roll off. into a long, narrow plateau, 
bounded on the west by ·a well-marked line of cliffs, beginning 
near the foot of Table Cliff Plateau and continuing southeast 
60 miles, to a point on the Colorado River opposite the Navajo 
Mountain. At the western terminus this line is somewhat 
broken, but toward the east it increases in height. till at last it 
stands for 30 miles an inaccessible vertical wall, 2,500 · feet 
high. Its eastern boundary is a line of cliffs, ·commencing at 
the foot of Potato Valley and presenting an almost unbroken 
front to the Colorado River at a point but 4 miles above the 
terminus of the wester:p line, thus giving to the plateau a trape
zoidal outline, having a length of 55 miles, a breadth at the 
base of 1'5, at the apex 4, and standing at an altitude of 9,000 
feet above sea level. For 15 or 20 miles the western end is 
cut by a perfect network of canyons and short lines of cliffs, 
making travel across it almost impossible. The middle and 
eastern portions are quite level, and when once on the summit 
progress in any direction· is easy. So far as I have been able 
to ascertain, we were the first white men to visit the plateau. 
The Indian nam€}.for a small elevation near the north end ,is 
Kai-par-o-wits [Canaan Peak], so we called the whole plateau 
by that name.-

Continuing the course down the upper valley, the 
party reached the stream which Hamblin had mis
taken for the Dirty Devil and down which he had 
fought his way for ·50 miles through quicksand. and 
tortuous channels in an unsuccessful attempt to bring 
supplies for Powell's boat party of 1871. Thompson 
and his fellow topographer, Dellenbaugh, realized that 
the stream they had been following was not the Dirty 
Devil but a pr~viously unknown tributary to the 
Colorado, the mouth of which had not been noted by 
the expeditions of 1869 ·and 187i. A view from the 
top of a cliff at the crest of the Escalante Fold, near 
the present village of Escalante, made their position 
clear. T~ompson 17 writes: 

· On reaching the summit we found we were on the western 
ri~ of a basin-like region, 70 miles in length by 50 ip breadth 
aml extending from the eastern slope of the Aquarius Plateau· 
on the north to the Colorado River on the south and from the 
Henry Mountains on the east to our point of observation on 
the west. A large portion of this area is naked sandstone rock, 
traversed ,in all directions by a· perfect labyrinth of narrow 
gorges, sometimes seeming to cross each other but finally unit
ing in a principal one, whose black line could be traced, cutting 
its way to the Colorado a few miles above the mouth of the San 
Juan River. 

Away to the east' and 50 miles distant rose the Henry Moun
tains, their gray slopes streaked with long lines of white by 
the snow which yet rema,ined in the gulches near their summits. 
On our voyage down the Colo1:ado River in 1871 we had 
determined the mouth of the Dirty Devil River to be about 30 
miles northeast from these mountains, mak·ng it at least 80 
miles from our present camp and directly across the network 
of canyons before us. To proceed farther in the direction we 
had been pursuing was impossible. No animal w,ithout wings 

·could cross the deep ·gulches in the sandstone basin at our 
feet. The stream which we had followed and whose co11:rse 
soon became -lost in the multitude of cha-sms before us was not 
the one we were in search ·of btl.t an unknown, unnamed river, 
draining the eastern slope of the Aquarius Plateau and flowing 

17 Thompson, A. H., op. cit., pp. 137-139. 

through a deep, narrow canyon to the Colorado River. Believ-
. · ing our party to be the discoverers, we decided to call tb,is 

stream in honor of Father Escalante, the old Spanish explorer, 
Escalante River and the country which it drains Escalante 
Basin. 

The western boundary of the basin is the vertical wall form
ing the eastern edge of the Kaiparowits Plateau. From th11 
very base of the cliff the drainage is to the Escalante River by 
narrow, deep canyons, presenting apparently impassable bar
riers to travel toward the south. To the north and 20 miles 
away rose the eastern slope of the Aquarius Plateau. Its 
general trend is north and south, but away to the northwest 
and about 40 miles from our point of observation a great 
salient angle projects eastward toward the Henry Mountains, 
the slopes at. its base seeming to continue out a long distance 
and form a low, broken ridge between canyons running south
ward to the Escalante River and others running northward. 
Here, if anywhere, this canyon i·egion could be crossed, and I 
dec.ided to go eastward along the slope of the great plateau to 
the salient' spoken of and then attempt the passage along the 
ridge. 

With the position of the Henry Mountains estab
lished, Thompson chose a route along the base of the
Aquarius Plateau across the W aterpocket Fold to t~e· 

Henry Mountains and Trachyte Creek and reached the 
Colorad~ near the place where the Oanonita had been 
cached the previous year. Finding the boat intact, 
four men of the party used it for an unevei!tful trip to· 
the mouth of the Paria and later down the river to 
the mouth of the Kanab. Thompson with the re
nlainder of the party retraced the route to the Esca
lante and after making astronomical observations, es
tablishing topographic stations, and sketching the fea
tures of the Escalante Basin, continued on to l{anab~ 

'\Vheeler 18 states that Lieutenant Marshall of his. 
·staff made a traverse from the Paria settlement to the· 
Crossing of the Fathers in 1872, and his " progress 
maps " 19 indicate that during the same year all of 
southern Utah and northern Arizona between Nevada 
and the W aterpocket Fold and north of the Colorado. 
was mapped by his topographic parties, but there is. 
no other evidence to show that the Wheeler survey of 
1872 was extended to cover the Kaiparowits region,. 
and Dellenbaugh 20 is authority for the statement that 
the data on this part of Wheeler's Ina p were taken 
from sketch maps prepared by Thompson. The map 
itself is obviously the product of long-distance sketch-' 
ing. It is also probable that the map of the region 
from the mouth o£ the San Juan along the Water
pocket Fold, which is ·credited to Lieutenant Hoxie· 
(1873), is in part at least based on Thompson's data. 
Gilbert 21 credits the triangulation of that region to 
Thompson and the topography to W. H. Graves. 

·Strangely enough, no mention is n1ade by Wheeler of 
. the work of Thompson or of the observations made by 

1s U. S. Geog. Surveys W. 10Qth l\:le1·. Rept., vol. 1, p. 52, 1889. 
19 U. S. Geog. and Geol. Surveys W. lOOth l\fer. Topographical Atlas,. 

1873. 
2o Dellenba:ugh, F'. S., personal communication, April 22, ~918. 
21 Gilbert, G. K., Report on the geology of the Henry Mountains, 2<t 

ed., pl. 1, 1880. · · 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 164 PLATE 3 

~ 

~ 
~ ~--
~ 

~ 

~ 

GENERALIZED VIEW OF THE KAIPAROWITS REGION LOOKING NORTH FROM THE UTAH-ARIZONA BOUNDARY LINE 



HISTORICAL SKETCH 9 

Powell's parties of 1869, 1871, or 1872. , In fact, 
Wheeler ignores the work done by all the parties of 
the Powell Survey. 

In 1874 Thompson, assisted by W. H. Graves and 
J. H. Renshawe, completed 1naps of the Aquarius 
Plateau and the northe1:n tributaries of the Escalante 
and extended the survey to the Henry Mountains. 

The following information regarding exploration 
and mapping in 1875 has been given by F. S. Dellen
baugh: :.:!! 

I have .Thompson':S diary of the trip 1:1e made in 1875. Their 
supply camp this season was on the southeast side of Rabbit 
Valley. Gilbert started for the Henry Mountains on August 
12, 1875. Thompson went to a camp about 12 miles above 
Paria settlement, then to a point about 3 miles below the " old 
settlement," then to a camp in Sentinel Rock [Wahweap] Creek 
" \vnsh," about 20 miles. He had difficulty in finding the 
trail, showing that he was on one which was probably the 
El Vado trail, and he went to this place [El Vado] the next 
day. Then he went to \Varm Creek, then to a point below 
Pul'ia settlement ugain, then back to Panguitch, whence he 
had come some few clays before. Earlier he was in •.rantalus 
Valley (July 19) and worked his way to the slopes of the 
Aquarius, camping on July 20 at what we called Mosquito 
Cnmp in 1872 because we were eaten alive there on a rainy 
Bight. He then went to Boulder Creek, to head of Potato 
Creek, to ll'alse Creek [Harris wash], and to Last Chance 
Creek [Collett ·wash], arriving at this last on July 28, 1875. 

On August 2, he was at his camp 26. " Gilbert, Graves, 
Jnck [Hillers], and myself started for the end of the Kai
parowits Plateau. Came about 25 miles down the valley, 
climbed the first bench and up about 350 feet of the second, 
when we came to a place we could not get over. "''orked on 
it and got the mule, Net, up. Came down to the lower bench 
and camped. Tied the mules up on account of no water. 
August 3. Finished our trail and got to the top of the plateau 
nt 9.30. Rode till 2.30, making 15 miles before we rea<:he<l 
the end of the platenu. Was on the end about two hours. 
Got geodetic bearings and a few topographical. Reached water 
that Walter [Graves] had found in the morning, about halt 
past 7, when our mules had a chance to drink. '.rhe first 
water since yesterday morning. 

"'Vecluesclny, August 4 * • *. It took us about two 
hours to get clown 900 feet of the first cliff, and our camp 
was some 6 miles from the comedown. \Ve reached our camp 
of the 3d instant about 9.30 a. m. Reached camp at 5 p. m." 

They then went on back from this camp on Last Chance 
Creek to a camp on Pine Creek a mile above its junction with 
the Escalante. "Saw Mormons from Panguitch, who are 
tnlking about making a settlement here. Advised them to call 
the plnce Escnlnnte." 

Thompson went out then across the Aquarius Plateau to 
the supply cmnp. 

The work of the Powell Survey in the l(aiparowits 
region resulted in a reconnaissance topographic map 
on a scale of about 4 miles to the inch with a contour 
interval of 250 feet, published by the United States 
Geological Survey as the Henry ~1ountains, Escalante, 
Echo Cliffs, and l(anab maps. From the time of their 
appearance in 1886 until the' maps s~owing the areas 
to be flooded by the proposed Lees Ferry clam were 

w Personal communication. 

prepared by the Geological Survey, in 1921, these 
sheets have constituted the sole available information 
regarding the topography and drainage of this region. 
They present in bold. outline the dominant features 
and admirably portray. the quality of relief, but out
side of the routes traversed by Thompson and promi
nent features visible from easily accessible viewpoints, 
the information they give is of little value as a guide 
to further explorations or as a base on which geologic 
data may be presented. The conditions that sur
rounded the work prohibited more than general re
connaissance. The short stops n1ade by the river par
ties permitted only generalized observations along 
Glen Canyon and at the few, places where the canyon 

. wall could be scaled. ·The land parties likewise were 
hampered by lack of time. Thompson could give but 
eight days to a survey of the Escalante Valley and t~e 
1\:aiparowits Plateau-about 3,000 square miles of 
intricately dissected and structurally complex country 
in which the relief exceeds 6,000 feet. 

The geologic results of the early sur.veys may be 
summarized as follows : 

Powell's trips down the Colorado canyons in 1869 
and 1871 23 gave the first knowledge of the geologic 
features of Glen Canyon and its .immediate ·vicinity. 
Howell 24 in 1873 recorded observations on the stra
tigraphy and structure of the region between the base 
of the Aquarius Plateau and the Henry Mountains, 
briefly described the vV aterpocket and . Escalante 
Folds, and measured a section in th~ upper Paria Val-. 
ley. Gilbert 25

. in· connection with his study of the 
llenry Mountains, in 1875 and 1876, outlined the sali
ent physiographic features of the Waterpocket flexure, 
the Escalante Basin, and the Kaiparowits Plateau. 
He ren1arks : 

Two months would be far too short a period in which to 
survey a thousand square miles in Pennsylvania or Illinois, 
but among· the Colorado plateaus it proYecl sufficient. A few 
comprehensive views from mountain tops gave the general 
distribution of the formations, and the remainder of the time 
was spent in the examination of the localities which best dis
played the peculiar features of the structure. So thorough 
was the display and so satisfactory the examination that in 
preparing my report I have felt less than ever before the desire 
to revisit the field and prove my conclusions by more extended 
observation. 

Dutton 26 in 1875, 1876, and 1877 mapped the west 
end of the Kaiparowits Plateau and the region about 
the headwaters of the Escalante and the Paria,. but 
the age assigned to the strata and the descriptions of 

23 Powell, J. W., Exploration of the Colorado River of the West and 
its tributaries, 1875. 

~'Howell, E. E., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept., 
vol. 3, pp. 227-301, 1875. ' 

z Gilbert, G. K., Report on the geology of the Henry Mountains, pp. 
12-13, U. S. Geog. and Geol. Survey Rocky l\Itn. Region, 1877. 

:.'6 Dutton, C. E., Report on the geology of the H!gh.Plateaus of Utah. 
U. S. Gcog. and Geol. Survey Rocky Mtn. Region, 1880. 
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plateau walls and canyons suggest that his conclusions 
were based on observations made at viewpoints on the 
Aquarius Plateau, many miles distant. 

CROSSINGS OF THE COLORADO 

Cliff dwellings are found on both sides of the Colo
rado River and also within its canyons, and probably 
the Pueblo tribes and later the· Navajos and Utes knew 
of· several crossings of the Colorado which they occa
sionally utilized. The known movements of warring 
Indian bands significantly coincides with times of 
low water or times when the river was frozen over. 
Old trails lead to the Colorado at its junction with 
the Green, at the mouth of the Ljttle Colorado, and 
down Bright Angel and Shinumo Creeks. Supai in
formants state that crossings by means of rudely con
structed rafts were made at Grand Wash, at the mouth 
of the Virgin, and at points on the lower Colorado. 
The Spanish explorers, trappers, and hunters were 
familiar with the long-used ford at Green River, Utah, 
which was recommended by Gunnison (1853 ~) as a 
route for a railroad and later was utilized by the 
Denver & Rio Grande Railroad. The ancient Ute 
ford, now known as the Crossing of the Fathers, was 
rediscovered by Escalante on his eventful journey 
from Utah Lake to the Hopi villages of Tusayan 
in 1776. 

Systematic search for a feasible crossing of the 
Colorado was the result of missionary enterprise· of 
the Mormon Church. In 1858 the intrepid scout 
Jacob Hamblin 

received instructions from President Brigham Young to take 
a company of men and visit the Moquis, or ·town Indians, on 
the east side of the Colorado River. The object of this visit 
was to learn something of the character and condition of this 
people and to take advantage of any opening there might 
be to preach the gospel to them and do them good.21 

Leaving Santa Clara (near St. George) on October 
28, the party of 12 men, including a Spanish inter
preter (and a Welsh interpreter ! ) , proceeded by way 
of " Yell ow Rocks Springs " (Pipe Springs), 
traversed the canyons and plateaus eastward, and after climb
ing dangerous cliffs and crossing extensive fissures in the 
rocks, the tenth day out fro:p1 home we crossed the Colorado 
River at the Ute ford known in Spanish history as the Cro~s
ing of the Fathers. 

The trail beyond was reported " not only difficult 
but sometimes very dangerous." 

A second journey over this route was made in 1859, 
and a third in 1860, so timed as to cross the river at 
its low-water stage. The return from the uncom
pleted third trip, which was delayed by disastrous 
trouble with the Navajos, was accomplished in winter, 

2'l Little, J. A., Jacob Hamblin, a narrative of his personal experi
ence, 2d ed., p. 64, Salt Lake City, Deseret News, 1909. 

and the crossing Is described by Hamblin 28 as 
follows: 

Our route was a difficult one to travel in the winter season. 
The ford of the Colorado was deep and dangerous at any time 
but especially when the ice was running. Sometimes there 
were steep rocks to climb ; at othei.· times the trail ran along 
the almost perpendicular sides of deep rock fis::ures, narrow, 
with frequent short turns, where a misstep might plunge us or 
our animals hundreds of feet below.· Sometimes the precipi
tous rocks were covered with ice, which had to be hacked 
with our hatchets before we could feel any surety of a foot
hold. 

At one time we waited until nearly midday for the sun 
to melt the frost and ice on a steep rock, that we might be 
able to get our animals out of a gulch onto the plain above. 
On this occasion my pack mule slipped and fell, then rolled 
and slid down to within about a yard of the edge of a chasm 
below .. We fastened a long lariat to the animal and saved it 
and the pack. 

Its extreme difficulty and the hostility of the 
Navajos discouraged further use of the Glen Canyon 
crossing, but the project of converting the Hopis to 
the Mormon faith, though delayed, was not abandoned. 

Explorations in southwestern Utah, which resulted 
in the settlement of St. George and of fertile spots in 
the Virgin and Santa Clara Valleys in 1861 encour
aged the search for a crossing which might make pos
sible the expansion of the settlements into northern 
Arizona and which did not involve the long, difficult 
route to the old Ute ford. 

A feasible crossing was found at the mouth of the 
Grand Wash. By swimming the horses and trans
porting the luggage on a homemade boat Hamblin 
crossed the river at this point in 1862, traversed the 
Coconino Plateau, and proceeded along the base of the 
San Francisco Mountains and across the Little Colo
rado to Oraibi. This route was found to be so long 
and the water holes so small and so far apart that the 
return :from Oraibi was made over the old Ute trail. 
At the Crossing of the Fathers " fording was difficult 
and dangerous" but was successfully accomplished on 
New Year's Day, 1863, after the loss of eight horses. 

On Hamblin's next visit to Tusayan, in 1863, the 
river was again crossed· at the foot of Grand Wash 
but at a place near the base of the Grand Wash Cliffs, 
the ~ite of Pierce Ferry (now abandoned). On re
turning from Oraibi by the same route in May, 1863, 
Hamblin reported : "We had explored a practicable 
though difficult route for a wagon from St. George to 
the Little Colorado." The length of this route and 
the scarcity of water west of the San Francisco Moun
tains ~ed Hamblin to try a new route, which he had 
previously reconnoitered, and in 1869 a successful 
crossing was made near the mouth of the Paria-the 
present Lees Ferry. 

28 Idem, p. 7V. 
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·with Ha~blin for a guide the Lees Ferry route was 
used by Powell in 1871 and by Lieutenants Hoxie and 
Marshall, of the Wheeler Survey in 1873. It has· be
<!ome the establish~d line of travel from Utah to Ari
zona and is the only crossing available for wagons 
along the 788 mile~ of canyon betwe~n Green River, 
Utah, and Needles, Calif. The Crossing of the 
Ji'athers, always dangerous, is no longer practicable; a 
portion of the landing has been blasted a way to block 
the route of marauding Navajos. 

In 1870 southeastern Utah, comprising about one
quarter of the State, was an unknown land. Powell 
had marked the course of the Colorado but found no 
feasible rQutes leading from it except those already 
known. Explorations by scouts of the Mormon 
Church had resulted in locating small tracts of irri
gable land at the east base of the High Plateaus, along 
the Paria River, and at places south of the Colorado 

· ·canyons. Paria was founded in 1871, Cannonville and 
Escalante in 1875, and" about 20 families were living 
in Potato Valley " in 1878. 

To these isolated settlements at the e1id of long 
roads leading across the jagged cliffs of the Iligh 
Plateaus cmne reports of good lands still farther east 
but separated from them by the impassable Glen Can
yon. To confirm these reports an expedition was 
organized for the exploration of the San Juan Valley. 
In 1879 a party of 25 men under the leadership of 
Silas Smith crossed the Colorado at Lees Ferry and 
followed the 1narked trail through the Painted Desert 
to the Hopi village of Moenkopi. " Led by inspira
tion," the party reached Marsh Pass on the Navajo 
Reservation and, avoiding the canyon of the San Juan, 
made their way eastward to the mouth of Montezuma 
Creek. After exploring the San Juan Valley between 
1\1cElmo Creek and Butler Wash and obtaining infor
·mation from roving prospectors, the party turned 
northward to the Blue (Abajo) Mountains. Continu
ing along the base of the La Sal Mountains, they 
crossed the Colorado near the present town of Moab 
and followed the "Spanish trail" to Green River, 
Utah, and thence to Salt Lake City. 

This expedition demonstrated that a route through 
the Navajo country from Escalante or Kanab to the 
San Juan Valley ~as impracticable. The country to 
be traversed consists of stretches of sandy flats alter
nating with areas of sharp-cut canyons; the water 
holes are far apart and the Navajos none too friendly; 
and even if a wagon road could be constructed and 
maintained, the distance, about 500 miles, is prohibi
tive. But the expedition also demonstrated that the 
San Juan Valley afforded opportunities for irrigation 
farming and that the Abajo and La Sal Mountains 
with their adjoining plateau lands were destined to 
become valuable grazing districts. It appeared that 

the region east of Glen Canyon was " better country " 
than that immediately west. 

The officials of the Mormon Church were favorably 
impressed by the report of Silas Smith, and with 
characteristic foresight they promptly issued a "call 
for the Saints to occupy the San Juan Valley." The 
president of the church was firmly convinced that 
"our people 'will want all the choice places where 
there is water and grass." But to occupy this far
away region was a serious undertaking. Its climate, 
its agricultural possibilities, and the attitude of the 
few Indians who made their home in the adjoining 
regions were little known. The proposed settlement 
could be reached only by the exhausting trails through 
Moenkopi and Marsh Pass or by the still longer Green 
River route. It was recognized that the interests of 
the church demanded that the pioneers in the proposed 
settlement have their commercial and religious as
sociations with their brethren in the Utah villages· 
rather than with the gentiles of the Colorado mining 
towns; with Escalante rather than with Durango. 
With these ideas in mind, the prodigious task of con
structing a wagon road from Escalante across Glen 
Canyon to the middle San Juan Valley was under
taken. After preliminary scouting on both sides of 
the canyon, a crossing was selected at the Hole in the 
Rock, at the lower end of the " SO-mile desert," 4 miles 
south of the mouth of the Escalante. 

In October, 1879, a party led by Silas Smith, Platte 
Lyman, and . Jess Nielson, with a large number of 
workmen, horses, and wagons, was established in three 
camps, buildil}.g a road down the desert, collecting 
supplies, and assembling materials for a crude ferry 
boat. Between November 6 and December 29 about 
70 miles of road was constructed, and early in J anu
ary 80 wagons, nearly 200 men and women, 50 chil
dren, 200 horses, and 1,000 cattle had reached the rim 
of the canyon. Work then centered on blasting the 
canyon walls and building a flat-bottomed boat about 
9 feet wide and 28 feet long with planks brought from 
Escalante. The Colorado was crossed in February, 
and the emigrants laboriously made their way to Fort 
Montezuma, near the present Aneth, and later to the 
mouth of Cottonwood Creek, where Bluff City was 
established. On April 5, 1880, this settlement enrolled 
225 pioneers, and the foundation was laid for the con
trol of southeastern Utah and adjoining areas in Colo
rado. and New Mexico by adherents of the Mormon 
faith. 

This crossing of the Colorado by the " San Juan 
missionaries" was a heroic undertaking. It is diffi
cult enough for experienced men with a pack train; 
for parties that include women and children and 
loaded wagons it seems impossible .. Except for snow 
in winter, water is available only at nine places on 
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the 215 miles of road, and at three of these places it 
is strongly alkaline. 

From Escalante to the Hole in the Rock the route 
presents no extreme difficulties.. The "road" is of the 
sort common to southern Utah-a trail along which 
strongly built wagons may be dragged by 4, 6, or 
8 horse teams under the guidance o£ experienced 
drivers and where progress is made by "hardening 
quicksands," removing talus blocks, cutting · "dug
ways,"" negotiating" sand dunes, and bumping along 
over knobs and sharp-cut depressions of extensive sur
faces of bare rock. East of the Colorado the topog
raphy is forbidding. Short, box-headed tributaries 
lead from the river to the plateau above, and only at 
the rough, slippery "Clay Hill divide" is it feasible 
to cross the dissected uplands. . East of the "divide" 
are the deep canyons that lead to the San Juan, the 
rough south slopes of Elk Ridge, and the sharply 
•upturned rocks of Comb Wash. 

The crossing itself is formidable. A break in the 
eanyon wall marks its west end-a mere slit in the 
towering cliffs of massive Navajo sandstone. No 
ca,nyon leads to it, and there is nothing in the sur
rounding topography to indicate its presence. It may 
now be found by tracing the· marks of wagon wheels 
across 8 miles of wind-swept rock. After entering 
the slit the "road" descends by passing through 
notches in the tops of projecting ledges, down across 
cliff-faced benches to a platform 600 feet 'below. The 
slit originally was a V-shaped groove, too narrow even 
for a· horse if the potholes and steps were absent from 
its bottom. At one place there is a shee.r 40-foot drop 
into a depression. By blasting rock and building out 
platforms and by the skillful use of logs brought from 
the Kaiparowits Plateau, a path was made down 
which single horses and men qn foot might make 
their way to the river. Wagons were taken apart 
and carried down on the backs of men and horses, . or 
lowered by ropes. Rusty ringbolts embedded in the 
cliffs and the remains of a roughly made windlass 
bear witness to the method employed.. Only neces
sity could induce one to take a horse down this trail; 
to descend on foot is a strenuous bit of exercise. 

The impressions gained by a traverse of this first 
Escalante-Bluff City trail is confirmed by men who 
used it. Through the courtesy. of the historian of the 
Church of the Latter-day Saints, the unpublished re
ports of the San Juan mission have been examined. 
Like most accounts of men who do much and say lit
tle and to 'whom hardships are part of the daily rou
tine, these reports to headquarters are brief and 
matter of fact, but they tell of horses lost and died, 
of grain exhausted, of accidents, of sickness, and of 
nearness to starvation. The parties east of the river 
especially seem to.have suffered. This crossing at the 
Hole in the Rock stands high in the list of pioneering 

achievements for which Utah is famous, and it IS 

doubtful if anything but religious zeal would have 
made the undertaking possible. But, however diffi
cult this route, there is no other place between Lees 
Ferry and the W aterpocket Fold where a crossing for 
wagons could lie established without expensive and 
carefully planned engineering operations. A pack
train traverse of the rim of Glen Canyon makes com
prehensible the feeling of these missionary explorers 
that " We were led as if by inspiration to find the only 
possible route where a road could be made." 

The disadvantages of the road by way of the Hole 
in the Rock led to the search for a practicable cross
ing farther upstream. Scouts from Escalante found 
that the Colorado could be approached without much 
difficulty at the mouth of Hall Creek, and in 1881 the 
dangerous Hole in the Rock . crossing was abandoned 
and the ferry .boat dragged by horses to a new site
the present little-used Halls Crossing. The first con
necting road from Escalante was marked out across 
Spencer Flat, down the " sand slide " into Escalante 
Canyon, arid along the canyon floor to the mouth of 
Silver Falls Creek. It continued up Silver Falls 
Creek and through Muley Twist Canyon in the Water
pocket Fold, thence down Halls Creek to the Colorado. 

With the settlement of the upper Fremont Valley 
and of the lands about the Abajo Mountains, the need 
developed for a crossing of the Colorado that would 
not require the long journey down Halls Creek or t11e 
still longer journey by way of Green River and Moab. 
By this time also placer miners were at work on the 
Colorado, and their operations called for a place on 
the river to whic~ supplies could be brought either 
from Colorado towns or from Salt Lake City. In 
1880 Dandy Crossing (Rite) was located near the 
mouth of Trachyte Creek, at a point where the canyon 
walls break down and an island midway in the current 
is exposed at low water. The crossings between Hite 
and Lees Ferry are utilized occasionally by scientific 
parties, prospectors, and stockmen, but Glen Canyon 
remains the same barrier across lines of travel that 
was encountered by the Spaniard, the trappers, and 
the surveyors for the P·acific railways. 

TOPOGRAPHIC OUTLINE 

In its larger geographic relations the Kaiparowits 
region forms part of the Colorado Plateau province,· 
which comprises 100,000. square miles of strongly 
carved tabular relief emphasized by volcanic masses. 
The outstanding topographic features are terraced 
plateaus, cliff-bound mesas, monoclinal ridges, and 
straight-sided canyons-all impressive alike for mag
nitude and ruggedness. Land sculpture is developed 
on so enor:mous a scale that features in the landscape 
unnoticed here would be prominent and picturesque 
landmarks in other surroundings. 
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The region as a whole lies at an altitude of about 
6,000 feet, and the downward departures from this 
level are approximately equal in amount to the up
ward departures. (See pl. 3.) 

The crest of the W aterpocket Fold stands at 6,000 
feet, and for a distance of more than 50 miles the 
ICaiparowits Plateau shows a level top at 7,000 
feet and rises to 9,000 feet at Canaan Peak. But so 
deeply has the region been trenched that two-thirds 
~f the Pari a River, one-half of the Escalante River, 
and nearly all of Halls Creek flow in channels below 
5,000 feet and Glen Canyon is cut to depths below the 
4,000-foot contour line. The extreme points of the 
ICaiparowits region are Table Cliff, 10,500 feet, and 
Lees Ferry, 3,120 feet. Immediately bordering the 
region and forming, as it were, its western and north
ern wall are the High- Plateaus-the Paunsaugunt 
(9,500 feet) and the Aquarius (Thousand Lake Moun
tain) 10,000 to 12,250 feet-the highest land in south
ern Utah. For the region as a whole changes in alti
tude are abrupt; gentle slopes are conspicuously ab
sent. Above the valley floors the plateau benches rise 
Ly steps, bench after bench, and into the benches the 
streams are sunk an equal amount. 

Most of these benchlike platforms tenninate in cliffs 
hundreds or even thousands of feet in height. On the 
south face of the Paunsaugunt Plateau the Chocolate 
Cliffs, Vermilion Cliffs, White Cliffs, and Pink Cliffs, 
separated by broad platforms,. form a terraced wall 
more than 5,000 feet high. A series of prominent 
benches are nearly continuous along the northeast and 
southwest slopes of the Kaiparowits Plateau, and the 
southeast end of the plateau forms a giant stairway 
descending 3,500 feet to the Colorado River, about 5 
miles distant. Few benches interrupt the precipitous 
slope that leads to the top of the Paria Plateau, 3,000 
feet above the stream at its base, or the wall that rises 
more than 4,000 feet in front of the Table · Cliff 
Plateau. 

The plateau benches are so continuous that canyons 
which cut their edges appear at a distance ~ts insignifi
cant breaks in a horizontal sky line. Some of the 
benches are so wide and level that canyons sunk into 
them are inconspicuous features. Even Glen Canyon 
appears from a distance as a narrow groove in a broad 
expanse of flat land. 

Except for the lava flows that partly cover the 
limestones of the Paunsaugunt and Aquarius Plateaus, 
all the topographic features of the ICaiparowits region 
have been developed in sedin1entary rocks; the vol
canic piles, the laccoliths, and the necks of bordering 
regions are absent. The Kaiparowits Plateau is a 

, slightly tilted sedimentary mass that extends as a 
narrow mesa from the High Plateaus to Glen Canyon, 
70 miles distant. Its culminating point, Canaan Peak, 
is an outlier of the. Table Cliff Plateau ; the Paria 

Plateau is a huge block of sandstone, the W aterpocket · 
monocline is a ridge of folded rock intricately dis
sected and flanked by hogbacks, and the broken 
" comb " in the vicinity of Paria is· the edge of sand
stone beds upturned in the East Kaibab fold. The 
Circle Cliffs are inward-facing walls of sandstone that 
rim an oval depression. These prominent features are 
but large-scale examples of the mesas, buttes, and 
ridges that characterize the landscape of southern 
Utah. The view from any vantage point gives a feel
ing of strength and solidity. Delicacy and grace o'f 
outline are lost in the general1nassiveness. The huge 
mesas ringed with high escarpments rise from hori
zontal benches, some of them miles in width, and the 
buttes are firmly based on broad expanses of rock. 
Except on the High Plateaus talus slopes are replaced 
by bare ledges. Even in detail e.rosion fonns follow 
a common pattern of angles rather than of curves and 
slopes; pilasters, panels, and alcoves are bounded by 
straight lines. Canyons are everywhere. Many of 
them are trenches cut into a seemingly level surface 
and are seen only wh~n their rims are reached; others 
are so intricately interlaced as to leave no space for 
trails. Near Canaan Peak the heads of 14 canyons 
were crossed in a distance of about 3 miles. 

In general the surface slopes of the region extend 
from the High Plateaus southeastward to the Colo
rado; "down these slopes the water is carried in bare 
rock canyons. The Escalante, with its mm~y tribu
taries, carries the run-off from 1,840 square miles; the 
Paria drains 935 square miles and receives most of its 
'vater from its western tributaries. Halls Creek, 40 
miles long, drains about 110 square miles. Rain that 
ft1lls on the south side of the ICaiparowits Plateau 
goes directly to Glen Canyon. Few regions are so 
thoroughly drained. Flat-floored, wide washes are 
rare, and only on the tops and about the base of the 
Aquarius and Table Cliff Plateaus are there stretches 
of meadow, through which the tiny streams make 
their way. A shallow pond on the J(aiparowits' Pla
teau is the only permanent body of water in the region 
east of the High Plateaus. 

The streams that· head in the Paunsaugunt,· Table . 
Cliff, and J(aiparowits Plateaus have permanent water 
in their upper courses, and a few of the boxlike heads 
of canyons in the W aterpocket Fold contain running 
water. The characteristic stream of the region is an 
intermittent one, whic~1 usually flows in places along 
its course but which becomes throughgoing. only in 
response to seasonal rains and local showers. In 
exceptionally dry years the only water received by 
the Colorado between the Escalante River and the 
Paria River is probably contained in the liquid mud 
supplied by the San Juan. The Paria River and 
Halls Creek are at times without water in parts of 
their courses, . and even in the Escalante Canyon 
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stretches of bare sand have been recorded. The influ
ence of the semiarid climate shown by the behavior 
of streams is reflected likewise in the soil and vegeta
tion. There are no large areas of dunes, but sand is 
piled here and there in and beyond the stream chan
nels. There are ·no areas of desert in the sense o:f 
widespread stretches of salt and alkali, but the lower 
Escalante Valley and parts o:f the Wahweap country 
are without water and show sparse and specialized 
vegetation, adjusted to sterile soil and low rainfall. 
The canyon walls, the faces of mesas and buttes, and 
expanses o:f rock many square miles in area seem 
remarkably naked. These wind -swept surfaces-are so 
bare of vegetation that green tints and subdued tones 
resulting from plant covering are lacking in the land
scape. The conspicuous colors seen' are the c9lors of 
the rocks themselves-red, brown, yellow, and white, 
intensified by ·bands of dark .gray. 

For variety and interest of topographic :forms no 
part of the plateau province offers more attractions. 
Distant and near-by views amply repay the necessary 
hardships of travel. 

CLIMATE OF SOUTHEASTERN UTAH 

GENERAL CONDITIONS 

Statistics of rain:fall and temperature within the 
Kaiparowits region are meager and unsatisfactory. 
Because of their position the three meteorologic sta
tions in this region record data of little more than 
local value. Escalante is at the immediate base of 
the High Plateaus; Carn:lonville (including Losee and 
Tropic) is near the head of a broad, deeply intrenched 
valley; Pari a is in a canyon. All three stations lie 
approximately in a north-south ·line, and their rec
ords tell little of the ·climatic conditions prevailing 
east or west of that line. However, the records of 
these three stations, 'when considered in ·connection 
with .those of other stations in Kane and Garfield 
Counties and in adjoining counties, give a reasonably 
satisfactory picture of the climate of southeastern 
Utah, of which the Kaiparowits region forms a part. 

Utah as a whole· is deficient in rainfall. Only 16 
out of 169 stations record averages that exceed 20 
inches a year, and only 1 that exceeds 30 inches. 
Less than 10 inches of rain falls at 50 stations. The 
High Plateaus are relatively well watered and have 
severe winters; most stations in this district receive 
more than 10 inches of rain each year and record mean 
annual temperatures of about 43°. At the eastern foot 
of the High Plateaus the rainfall is as heavy as the 
average on top of the plateaus, but the mean annual 
temperatures are greater. Between the base of the 

plateaus and the Utah-Colorado line all stations record 
less than 10 inches of rain except Blanding and Monti
cello, ·on the slopes of Abajo Mountain. The mean 
annual temperature at G-iles is 51.1 o and at Rite 59.7°. 

Snow may fall on the High Plateaus at any ti:r;ne 
between Septembe~· 1 and June 1 and rna y lie for· 
weeks or even months. Only in exceptional years 
are the roads to Kanab, to Cannonville, to Escalante, 
and to Boulder passable in winter without clearing the 
drifts that block the " dugways." In severe winters 
these settlements have been isolated for weeks at a: 
time. 

-On the lower lands of the Escalante, Wahweap, and 
Warm Creek Valleys snow rarely remains long enough 
to interfere with grazing, but all parts of southeastern 
Vtah receive some snow nearly every year. At Alton 
the mean annual snowfall is 75.6 inches, and even at 
Giles it is 10.2 inches. 

In southeastern Utah clear skies 'prevail. The few· 
records available indicate that the amount of sun
shine is comparable to that in northern Arizona, for
which the estimate of the United States Weather
Bureau is .210· clear days, .85 ,partly cloudy, and 70· 
cloudy in a year. It is probable that few if any· places. 
in southeastern Utah have less clear skies than Flag
staff, Ariz., which receives 81 per cent of the posssible 
sunshine, and for parts of Garfield and Kane Counties 
the figure is doubtless greater. During May, June, 
October, and November the skies may be cloudless for 
5 to 15 days in succession. In the sun the heat of sum
rner is intense; but in the shade of a rock or tree cool-· 
ness prevails, and this area is unlike humid regions in 
that the line between scorching heat and delightful 
temperature is drawn at the edge of the shadow. For
tunately hot air is also dry air, and the humidity of 
summer ranges from 30 to 50 per cent. The daily 
range of temperature i~ more than 40° and usually 
exceeds the difference between the means of the warm
est and of the coolest months jn the year; consequently 
cool or even uncomfortably cold nights follow the· 
heated days. 

In gener·al, it may be said that southern Utah has 
a· group of local climates of widely dissimilar aspects .. 
The distribution of the sun's heat and the form and' 
position of topographic features appear. to outrank: 
cyclonic storms and· prevailing winds as controlling 
factors. The great variability in topographic expres-· 
sion is reflected in equally great differences in climate .. 
Not only ar·e the climates of high-lying areas con-· 
trasted with those of lower altitudes, but canyons that 
adjoin plateaus, two adjoining valleys, the opposite 
sides o:f plateaus. and mesas, and even opposing canyon 
walls may have different climates. The summers are 



CLIMATE OF SOUTHEASTERN UTAH 15 

very hot, the winters are cold; daylight is accom
panied by heat, darkness by chilliness. The annual, 
seasonal, monthly, and daily rainfall is subject to wide 
variations. During July and August rain may fall in 
qu~ntities sufficie~t to flood the country; in most other 
n10nths precipitation is deficient. During the hottest· 
months moisture-laden clouds cross the sky but pr·o
duce no rain, except perhaps a few scattering drops. 
To theN avajo and Piute mind the "rain hangs down
ward " and " sends messages to the earth." 

PRECIPITATION 

RECORDS 

Some miscellaneous observations on the rainfall of 
southeastern Utah are contained in the reports of 
earlier scientific explorers, and others are recorded in 
unpublished reports in the archives of the Mormon 
Churc4. Additional general informatio~ has come 
from long-time residents of l{ane and Garfield Coun
ties. Fortunately volunteer observers have inade in
strumental records at stations within and bordering 
the Kaiparowits region; without these unselfish serv
ices a discussion of the climate would be wholly spec
ulative. 

Cannonville, including Tropic ( 1889-1919; · 1925-
26) and Losee ( 1893-94), furnishes the longest con
tinuous record of precipitation in the Kaiparowits 
region. It affords nearly complete records for 35 
years (1889-1923). At Alton, including Ranch (1902-
1915), the precipitation has been recorded for 26 con
secutive years (1902-1927). At Escalante the rainfali 
observations cover 27 years (1901-1927) but are 
neither consecutive nor complete. For Giles consecu
tive and complete records are available for 12 years 
(1.895-1906). For Rite the records for 15 consecutive 
years (1900-1914) include 12 complete records. At 
l{anab records have been made since 1899, except dur
ing 1901 and 1908-1910, but for only 15 years are 
there complete records, andi only three groups· of 4 
years in regular succession. Paria has records for 6 
years (1895-1900), including 5 years consecutive and 
complete. The observations at Widtsoe cover 16 con
secutive years, which include 10 years of full record, 
with two groups of 4 years in regular succession. 
The records for these eight stations are too fragmen
tury for general climatic studies; they suffice, however, 
to indicate the nature of the rainfall. They enable 
those interested in water development and agriculture 
to plan intelligently, for they indicate in a general 
way the total precipitation, its distribution with refer
ence to the growing season for crops, and whether 
showers of brief duration or long-continued " soaking " 
rains normally occur. 

Records of preci1Jitation in southern Utah, in inches 

[T=Trace] 

Alton, Kane County 

Altitude, 7,000 feet. Record from January, 1902, to May, 1915, inclusive, from 
Ranch, about 6 miles southwest of Alton] 

Year Jan. Fob. Mo..IAp,." May June July Aug. Sept. Oct. Nov. Dec. 

---
1902.. •• 2. 41 2. 54 
1903.. •• 1.03 1.11 
1904.. .. T. 2. 63 1905 ____ 3.15 7. 60 1906 ____ 2. 50 1. 65 
1907__ __ 6. 69 2. 01 
1908 ____ .80 3.08 
1909 ____ 4.44 5.36 
1910 ____ 2.52 . 81 
191L •• 10.85 3. 47 
1912.. __ . 35 . 55 
1913 ____ 1.24 3. 41 
1914 ____ 6. 69 -----1915__ __ ........... .......... 
1916 ____ 8. 38 1.48 
1917__ __ 1. 76 1.62 
191L .• . 55 2.00 
1919 ____ • 25 1. 25 
1920 ____ 1.09 3. 26 
1921__ __ 2. 23 .53 1922 ____ 1. 90 1.13 
1923__ __ 1.39 1.03 1924 ____ . 61 0 
1925 ____ .12 .47 
1926 ____ ; 14 2.00 
1927 ____ 1.29 3. 75 -- -
Mean .. 2. 50 2. 20 

Period 

December--------
January----------
February---------

Winter _____ 

March ____________ 
ApriL_-----------
MaY--------------

Spring ______ 

6.06 1.08 0.64 T. 0. 05 2. 25 0. 25 0. 50 5. 59 1. 66 
4. 31 2. 28 1.40 1. 56 .88 .45 3.02 1. 09 T. T. 
3.99 .44 1.80 .08 2.64 3. 01 .27 T. 0 .10 
3.07 2.07 1.88 0 2. 28 .24 3. 26 .60 3. 25 . 26 

12.02 2. 55 .64 T. 2. 94 3.85 . 70 T. 2.16 3. 51 
3.87 2.02 2. 58 .34 5.0 . 77 .10 3. 41 .35 2.01 
2.88 1. 00 1.08 T. 2. 22 2.05 1. 74 2.62 . 22 2.34 
2. 55 T. T. T. 1. 46 7. 68 3.80 0 4.67 4.89 
.42 .44 T. . 46 2.88 2. 28 3. 76 2. 97 2. 01 1.32 

3.46 .24 .24 1.08 .90 .30 6.14 .24 .10 1.80 
8. 23 3.10 .10 . 14 1. 39 1. 30 0 7. 78 . 61 .44 
.86 T. 0 .69 3.09 2. 40 1. 70 .19 5.88 1.18 

------ ----- . 98 2. 93 3. 76 :3o .93 1. 57 T . 
------ .......... 2. 81 . 22 2. 21 .63 1.80 0 1. 96 2. 53 

3. 91 .73 . 35 0 4. 72 '2.06 1.23 3. 73 0 1. 81 
.29 3.05 1. 62 .01 1. 57 . 76 1. 32 .05 .17 0 

6. 81 .43 .40 . 51 1.93 3.43 1.10 1.15 1.50 2. 52 
1.04 .40 1.67 .32 .99 . 91 2. 21 1. 36 ------ • 75 
3. 33 .34 ·1. 01 .69 . 74 2. 32 . 60 3.46 .40 .67 
. 81 .98 1.10 .90 2. 70 3.02 .13 1. 51 .60 5. 59 
. 55 1. 01 .53 0 .62 2.83 .86 .58 .80 2. 52 
. 38 2. 58 .29 .16 1. 82 1. 58 .48 .45 .50 • 79 

2.38 1. 37 . 51 0 2.09 .19 1. 43 . 51 .84 1.68 
1.14 1.40 .17 1. 06 .93 4.07 2.53 3.32 1.19 .93 
. 76 5.48 1. 41 .13 . 77 . 76 1. 45 .18 1. 60 1. 91 

1. 43 .69 .20 1. 16 .33 2.90 4.93 1. 72 . 61 1. 26 
---- - - -- - ------ -

3.11 1.36 .90 .47 1. 78 2.01 1. 76 1.50 1.40 1.69 

Total Total Total for 
Mean for wet- Period Mean for 

driest test driest 
year year year 

-- --
1. 69 0. 79 4.89 June ______ -------- 0.47 0.16 
2.50 1.39 4.44 July-------------- 1. 78 1.82 
2. 20 1.03 5. 36 August.---------- 2.01 1. 58 
------ ----

6.39 3. 21 14.69 Summer ____ 4. 26 3. 56 
== -- ----

3.11 .38 2.55 September. _______ 1. 76 .48 
1.36 2. 58 T. October----------- 1.50 .45 
. 90 .29 T . November ________ 1.40 .50 

-- - ----
5.37 3.25 2.55 FalL _______ 4.66 1. 43 
---- ----Annual _______ 20.68 11.45 

Kanab, Kane County 

[Altitude, 4,925 feet] 

An-
nual 

23.03 
17.13 
14.96 
27.66 
32.52 
2!.65 
20.03 
34.85 
19.87 
28.82 
23.99 
20.64 

------
28.40 
12.22 
22.33 

------
17.91 
20.10 
13.33 
11.45 
11.61 
17.33 
16.59 
20.27 --
20.86 

Total 
for 

wet· 
test 
year 
--

T. 
1. 46 
7.68 
--

9.14 
--

3.80 
0 
4.67 
--

8.47 
--
3~85 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. :u~ 

1899 ____ ----- ----- ------ ----- ----- ----- ----- ----- ------ ----- ------ 0. 60 ------
1900---- 0.10 0. 00 0. 00----- ----- ----- ----- 0. 00------ ----- ------ ----- ------
1901. ___ ----- ----- ------ ----- ----- ----- ----- ----- ------ ----- ------ ----- ------
1902 ____ ----- ----- ------ ----- ----- ----- ----- ----- ------ 0. 00 3. 98 1. 37 ------
1903.... . 69 1. 24 5. 55 2. 79 0. 71 0. 96 0. 89 1. 34 0. 75 . 80 . 00 . 00 15. 92 
1904.... . 10 1. 00 1. 01 . 10 . 90 T. 2. 50 1. 40 . 70 . 80 . 00 . 10 8. 61 
1905____ 2. 10 4. 30 3. 10 1. 40 1. 20 . 00 . 30 1. 10 1. 80 • 90 3. 20 • 50 18.90 
1906 •••• 4. 00 T. 8. 50 . 30 .10 . 00 1. 30 2. 00 • 30 . 20 1. 40 2. 60 20.70 
1907.. •• ----- 1. 00 1. 30 1. 40 2. 30 . 40 T. ----- ------ ----- ------ ----- ------

~~~k::: --:03 --:o7 --4:38 "i:39 --:291"-:04 ~: ~ "2."i7 
2
: ~~ 4: ~g ~ ao : ~ "i4:2ii 

1913.... . 60 2. 50 . • 50 • 401 . 10 . 35 1. 20 . 95 1. 54 . 25 2. 40 . 80 11. 59 
1914__ __ 4.65 1.25 .46 1.06 .80 1.96 1.93 .52 .79 .51 .05 1.14 15.12 
1915____ 1. 94 2. 27 . 10 1. 88. 1. 33 . 151 • 76 . 24 . 00 . 00 1. 82 1. 36 11.85 
1916____ 5. 51 • 94 1. 24 1. 05 . 40 . 00 2. 61 • 70 ------ ----- ------ ----- ------
1917 ____ ----- . 79 . 13 3. 30 1. 50 . 00 4. 23 ----- . 71 ----- ------ ----- ------
1918 ____ ----- 1. 21 5. 04 ----- ----- ----- ----- ----- ------ . 54 . 58 2. 67 ------
1919____ . 57 • 52 . 55---------- . 15 3. 22----- ------ . 61 ------ ----- ------
1920____ . 60 3. 30 1. 41 . 50 • 54 . 08 • 00 . 50 . 83 2. 41 • 13 . 92 10. 62 
192L •• 2. 54 . 00 1. 53 . 50 . 71 .17 • 82 3. 52----------- ------ ----- ------
1922.... 1. 19 1. 28 . 88 1. 56 . 59 . 42 1. 45 3. 42 • 55 . 65 1. 09 1. 69 14. 77 
1923____ 1. 18 . 62 1. 30 1. 37 . 32 . 08 3. 06 1. 25 1. 54 . 21 . 47 . 95 12. 35 
1924____ . 21 . 05 1. 25 • 65 • 20 . 00 . 28 . 68 1. 51 . 05 • 10 2. 31 7. 29 
1925.... • 10 . 73 1. 55 1. 15 . 07 . c9 . 47 • 64 2. 10 3. 19 . 42 . 43 11. 44 
1926____ . 00 1. 82 • 59 4. 51 . 401 . 03 .17 . 49 1. 37 . 29 1. 45 1. 63 12. 75 
1927____ . 80 3. 06 1. 63 .12 T. . 68 . 4i 2, 40 4. 33 2. 37 . 87 1. 27 18.00 

Mean .• Ua 1.27---;.; 1.34 ~~-:30 'La6 LSo 1.26 ~ 1.011.1212.68 
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Reaorrls of p1·ecipUation in southern Utah, in inches-Contd. 

Kanab, Kane County-Continued 

Period Mean 

December________ 1.12 
January_--------- 1. 43 
February_________ l.i27 

Total Total 
for for wet- Period Mean driest test year year 

2. 31 2. 60 June______________ 0. 30 
.21 4.00 July ______________ 1.36 
.05 T. August___________ .30 

Winter_____ 3. 82 2. 57 6. 60 Summer____ 2. 96 

March·-----~----- 2. 05 
ApriL·------------ 1. 34 
May______________ . 66 

1. 25 8. 50 September________ 1. 26 
. 65 . 30 · October___________ . 97 
. 20 . 10 November________ 1. 01 

Total 
for 

driest 
year 

--
0.00 
. 28 
. 68 

Total 
for 

wet-
test 
year 
--

0.00 
1. 30 
2.00 

. 96 3. 30 

1. 51 
.05 
. 10 

. 30 

. 20 
1.40 

Spring______ 4. 05 2.10 8. 90 Fall_________ 3. 24 1. 66 1. 90 

AnnuaL~-- 14. 07 7. 29 20. 70 

Paria; Kane County 

[Altitude, 4,700 feet] 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. :-u~l 

1895 ... - 1. 26 1. 70 0. 10 0. 05 1. 30 1. 50 0. 60 1. 50 1. 00 0. 90 1. 50 0. 25 11. 66 
1896____ . 50 . 05 . 30 . 50 . 20 1. 00 . 73 1. 90 . 40 1. 30 . 20 . 10 6.18 
1897.. __ ,1.50 1.30 1.00 3.25 .50 .00 1.70 1.00 2.20 1.10 .04 .50 14.09 
1898 ..•• 

1

2.65 .20 T. .60 1.10 1.20 .01 1.50 .00 .00 T. .10 7.36 

~~88==== T:0 :~~ :iL::~- _::~- ~~~ --~~·~ --~=~ --~---- -~~=~ ---~=~ _::~- --=~~~ 
Mean.. 1.10 . 68 . 30 . 88 . 621 . 74 . 73 1. 22 . 72 . 88 . 39 . 19 8. 45 

. Period Mean 

December __ ------ 0.19 
January ___ ------- 1.10 
February--------- . 68 

--
Winter _____ 1. 97 

--
March ----------- . 30 
ApriL".----------- . 88 
May -----·------ . 62 

--Spring ______ 1. 80 

Total Total 
for for wet- Period driest test year year 

T. 0. 50 June -------------
0. 70 1. 50 July_-------------
.80 1. ap August..-----------

1. 50 3. 30 Summer ____ 
----

. 25 1.00 September -------
T. 3. 25 October __________ 
'1'. . 50 November ________ 
----

. 25 4. 75 FalL _______ 

AnnuaL ____ 

Cannonville, Garfield County 

[Altitude, 6,000 feet] 

Total Total 
for 

Mean for wet-driest test year year 
--

0. 74 1.00 0. 00 
. 73 . 60 1. 70 

'1. 22 . 20 1. 00 
------

2. 69 1. 80 2. 70 
------

. 72 T . 2. 20 

. 88 1. 10 1. 10 

. 39 . 20 . 04 
------

1. 99 1. 30 3. 34 
------

8. 45 4. 35 14.09 

ul 
I A~ 

Year Jan. Feb. Mar. Apr. May June J y Aug. Sept. Oct. Nov. Dec. nual 

1889"----------------------- 0.35 0.15 5.23 2.42 0.401.10 T. 8.50 _____ _ 
1890 ____ 1.10 2. 40 0. 55 0. 40 . 40 . 00 3. 30 1. 20 1. 50 . 90 1.15 . 80 13.70 
1891.. .. T. 1.30 .451.001.101.201.401.50 3.60 .00 .001.5013.05 

~~~L·== 1:~~ 1:~8 ~:~~ T~0 2:~8 ~oo 1:~8 lso T."so ~~0 :~8 1:~8 1~:~~ 
1894.. __ .30 .40 1.40 T. .03 T. 1.00 1.70 .80 .03 ________________ _ 
189L __ ----- ----- 1. 30 . 20 . 92 . 25----- ----- ~;.7711.- 0500 --T--.-- --T--.- --

5
-_-

4
-
0
-

1898 .... 1.00 .40 ·T. .88 1.21 .81 .58 .52 J. 

1899 ____ 1.40 '1'. .10 .34 .14 .691.50 .55 T. 1.34 .38 .18 6.62 
1900 ____ .06 T. .22 4.83 .12 .27 .15 .76 3.40, .88 .98 .00 11.67 
190L .. 1.20 .4.80 T. .30 .73 T. 1.20 1.72 .00 .52 T. .20 10.67 
1902 ____ .30 .49 2.001 1.10 86 .00 .5711.31 .22 .22 1.931 .46 9.46 
1903 .... T .. 95 .32 .74 :531.87 .59 .20 1.98 .00 .00 T. 6.18 
1904 .... T. T. T. T. 1.2j .81 .92 2.69 T. T. .00 .10 5.77 
1905 ____ .90 2:71 1.23 .701.11 T .. 83 .10 2.00 T. 4.97 .4014.97 
1906.. ... 67 .70 4.87 1.95 .86 T. 2 99 3.64 1.31 T. 1.90 2.89 21.78 
1907__ __ 3.60 .16 .39 1.21 1.33 .671 .31 3.48 .26 2.97 T. .08,14.49 
1908 ____ .19 .23 .07 ·.08 .90 .26· 1.45 1.27 1.36 1.50 .01 .15 7.47 
1909__ __ .15 .25 .121 .01 T. 'I'.! .91 5."39 2.45 T. 1.79 3.6214.69 
1910 ____ 2.40 .14 1.13 .20 .001.081.04 1.45 3.47 2.18 1.45 .0914.63 
191L .. 2.881.30 .52 .00 T .. 991.73 .00 2.50 .84 .40 .1712.33 
1912 •..... 30 .30 1.67 1.20 T .. 21 1.75 1.23 .00 4.25 .02 .10 11.08 
1913 .•... 08·1.70 .40 T. T .. 481.301.38 1.69 .11 1.161.60 9.90 
1914 ____ 2.41 1.20 .48 .97 1.30 1.05 5.17 .72 .05 .81 T. .80 14.96 
1915 ..•• 2.59 3.72 T. 1.54 1.2-1 .12 .43 1.221 .84 .00 .92 1.84114.46 
1916 ____ 4.92 .39 .61 .34 .13 .00 2.32. ____ -----------1-----------------
1917__ __ -----1 2.00--------------------- .39 .89 .oo .001 .00 .00------

!!lt~~ -2:-::·==~ii ==~~;; ~~~;; ~~~;;'==~:~ ==~~~ ==~;; ===~:~ ==~~l~~~-:: ~~~~ ==;~~: 
1922 ____ ----- ----- ------ ----- ----- ----- _____ _____ T. . 71 . 54 . 90------
1923.... . 79 . 53l . 38 1. 47 . 30 . 03 1. 18 2. 08 . 80 _____ I 1. 00 . 50------

~~~==== ~~0 ~g~ ====~~ ===== ~~~~~ ~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~:~~~~~~ ~~~~~!====== 1927 ____________________ .05 .00 .53,2.9913.591 3.49.19 .031.10 _____ _ 

Mean __ j'L07 ---:961~ ~ro ~~~.U91.691.28i-:sl-:67j-~jl1.37 

Rcaords of preC'ipitaNon in southern Utah, vn inches-Oontd. 

Cannonville, Garfield County-Continued 

Total Total 
for 

Period Mean for wet-driest test year year 

I 
Tf~~al I ~~~a! 

Period Mean dri.est wet-

1 

year test 

------ ---- ---1/·-------J·-- --\ year 
December ________ 0.95 T. 0.40 June ______________ 0.381 0.151 T. 
January __________ 1.07 0.20 .90 July ______________ 1.39 .931 0.83 
February_________ .961 .10 2.71 August_ ___________ I._69 ___ ._oo ___ .1_o 

Winter _____ 2.981 .30 4.01 Summer ____ 3.461 1.0& .93 

March ____________ -·-:89ll.5o~ September________ 1. 281 .10 1 2.00 
April _____________ · .70 I .35 .70 October___________ .81 .951 T. 
May ________ ·----- . 58 . 00 1.11 November________ . 67 . 23 1 4. 97 

Spring __ ·--- 2.17'"11.85'3:06 FalL _______ -2.-76-~-1.-28_1_6-. 9-7 

·AnnuaL._.. 11.37 j 4.·51 1 14.97 

, "Record prior to 1920 and for 1925 and 1926 for Tropic, 4 miles north or 
Cannonville. 

Widtsoe, Garfield County 

[Altitude, 7,000 feet. Post office formerly called Winder] 

19:::- Jan: ~~b ~~: -:P: ~:.~: ':.: :~: ~ug~ _"'"'t_''~ -~nv-~~"- _:u~ 
1913 ____ --------------------- .03 .39 1.96 2.75 0.941 0.00 1.87 0.55 _____ _ 
1914 ____ o. 95 1. 02 . . 48 1.15 ). 69 l. 81 2. 26 ----- ------ ----- ------ ----- ------
1915____ l. 00 . 40 . 25 l. 98 1. 52 . 24 1. 28 . 28 . 67 . OJ • 36 . 53 8. 52 
1916 ____ 2. 00 . 11 . 13 . 04 . 41 . 00 2. 75 3. 40 . 74 . 96 . 00 . 98 11.52 
1917____ . 67 2. 60 . 42 . 20 l. 26 . 10 2. 31 . 13 . 82 .. 00 . 00 . 00; 8. 51 
1918____ . 80 1. 00 2. 20 . 00 . 01 . 12 2. 35 . 20 . 60 . 20 l. 00 . 95 9. 43 
Hll9 ____ .20 2.80 .95_ ____ ----- .00 3.41 .OIL _____ .18 1.94 T 1------
1920____ . 18 ). 04 . 85 . 05 . 35 . 75 1. 15 l. 42 ). 37 ). 34 1. 19 . 461 10. 15 
192L... 1. 35 . 10 . 54 . 55 . 59 . 00 . 90 2. 86 . 09 2. 15 . 70 2. 78' 12. 61 
1922 ____ .98 .60 .461.28 .35 .33 .381.88 .98 .13 .59 .21 8.17 
1923 ____ 1.03 .13 .37 2.02, .39 .07 .89 2.60 1.31 .71 .29 .79 10.65 
1924. ... 35 .07 .721.14 .57 .001.34 .. 52 1.32 .90 .151.46 8.54 
1925 ____ .00 .29 .44 1.25 .02 1.15 1.30 4.06 1.24. ____ -----------------

i~~~==== ~61 -i:oo --i.-35 --:71 --T-- -i:io -~.-4~ ~: g~ a: g~~ : ~~ : gg 1: gg -i5:4i 
Mean •• ~ -:&j ~--:"93~1A2 7'64 Us 1.14:--:60 ~-:SoJ10:35 

Total Total Total Total 

for for for for 
Period Mean driest wet- Period Mean driest wet-

test test year year year year 
----

December ________ 0. 80 0.98 1.00 June ___ ----------- 0.42 0.38 1.10 
January __________ .73 . 60 . 61 July ______________ 1.64 1.88 1.40 
February--------- .86 .46 1.06 August.-------- __ 1. 73 .98 2. 68 

------ ------
Winter. ____ 2.39 2.04 2. 67 Summer ____ 3. 79 3. 24 5.18 

== -- ------March ____________ .86 1. 28 1.35 September ________ 1. 14 . 13 3.95 
ApriL _____ . __ -- __ .93 . 35 . 71 October ___ ------- . 60 . 59 .95 
May ______________ . 52 . 33 T . November ________ .71 . 21 .60 

------
Spring __ ... ,_ ~.31 • 1.96 2.06 FalL_------ 2. 45 .93 5.50 

------
AnnuaL ____ 10.94 8. 17 15.41 

Escalante, Garfield County 

[Altitude, 5,700 feet] 

~~~~~ ~antb: _:=: ~P': ::: J~n' ~~y :~: S:.t ::; N:~- D: _~:_ 
1902__ __ 1.90 0.30 2.55 0.90 .23 T. 1.001.40 0.25 .21 1.52 0.5010.76 
1903____ 1. 50 . 50 . 30 . 56 . 60 ). 43 1. 87 . 43 1. 10 . 41 . 00 . 00 8. 70 
1904 ____ .10 .38 1.55 .54 .60 .21 .86 2.58 1.61 .46 .00 .10 8.99 
1905 ____ 1. 40 2. 90 1. 20----- . 87 T. ----- ----- ------ ----- ------ ----- ------
1906 ____ ----- ----- ------ ----- . 66 . 00 ----- ----- ). 21 . 14 2. 31 2. 99 ------
1907__ __ 2.901.58 1.06 .641.40 .35 .581.53 .33 2.70· .19 .4013.66 
1908 ____ 11.60 1.17 .05 .48 .63 .08 .20 1.06 1.61 1.39 .17 1.40 9.84 
1909 ____ 1.31 .90 .23, .05 .03 .00 1.63 4.21 2.61 .00 1.40 1.24 13.61 .. 
1910 ____ 2. 45 1. 00 . 32 . 43 . 00 . 72 3. 21 2. 72 1. 6311.31 . 22 1. 04 15.05 
1911.___ 1. 58 1. 50 1. 63 . 001 . 02 1. 35 1. 17 1. 65 2. 83 . 32 . 25 . 55 12. 85 
1912 ____ 1 . 00 . 60 1. 36 ----- . 00 ----- ----- ----- . 06

1 
2. 51 . 03 . 18 ------

~~it==:=====--~~~===========--~~~ --:oi ~: }~ 1: ~~ : gg ·5:51 --T.-- ·ro9 ====== 1917__ __ 1.13 1.00 T. 1.001 1.56 .. 00 1.69 .82 1.53 .00 .00 .00 8.73 
1918 ____ .22 .66 3.46 .42 .00 2.3912.40 .56 .46 .12 .53 .60 11.82 
1919____ . 08 1. 80 . 90 .12 . 55 T. .16----- ------ . 20 1. 90 T. ------
1920.--- . 71 1. 17 1. 00 ----- • 60 25 . 00----- ---~-- ----- ------ ----- ------
1921..-- ----- ----- ------ . 00 ----- . 00 1. 02 4. 40 . 00 . 90 . 30 4. 30 ------
1922 ____ .80 .45 .60 1.35 .50 .00 .50 3.20 2.10 .20 1.10 .40 11.20 
1923__ __ 1. 05 . 50 . 20 . 70 . 20 . 00 2. 50 4. 50 1. 10 ----- 1. 40 . 33 ------
1924 ____ .20 .00 2.50 .60 _____ .03 .13 .50 .92 .00 .02 __________ _ 
1925____ . 00----- .11 1. 00 . 00----- . 06 2. 80 2. 20 2. 60 1..10 . 00------
1926____ . 03 . 05 . 07 2. 20 . 50 . 50 1. 90 2. 80 1. 20 . 20 . 40 1. 00 10. 85 
1927 ____ 40 2.10 1.10 .00 .00 2.50 3.40 3.20 5.701.70 .201.40 21.70 

------------1---------------
Mean__ . 97 . 96 1. 01 . 61 . 46 .. 47 1. 40 2. 18 1. 33 1. 02 . 59 . 83 12. 14 
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Reco1·cls of 1n·eci-1)ita,tion in sou.tl!m·1v Utah, in vnches-Oontd. 

Escalante, Garfield County-Continued 

:Period Period I 'l'otnl Totnl 
for for 

Mean driest wet-
yenr test 

year 

Total 'l'otal 
for for 

Mean driest wet-
year ~~~~· 

--·----1--- -----,-. -----1--------
December......... 0. 83 0. 00 1. 40 j June ------------- 0. 47 1. 43 2. 50 
Jauunry __________ .97 1.50 .40 July .............. 1.40 1.87 3.40. 
Febl'llnry ......... ~~~ I August ........... -~~ 3. 20 

Winter ..... 2.70 J 2.00 3.90 Summer. ... 4.05 3.73 9.10 

M.nreh ........... 1. 01 ~-. 30 1.10 1 Sept. ember ....... 1. 33j· 1.10 5. 70 
ApriL ........ ·.... . 01 . 50 . 00 , October ........ l. 02

1 

. 41 1. 70 

Mny ;,~~;~~~~~~~~ 2::~ 11::: 1::: i NoYe:::;_-~~~~~~~ 2::: c1::: -7::~ 
1 AnnunL.... 11.83 I 8. 70 21. 70 

- ,_ .. ___ -------'--~------------
Hite, Garfield County 

[Altitude, 3,500 feet] 

- y co: . .:'.:. Feb. ~ Ap'. 'M cyl J ucc July -A ug.l Sept. Oct. Nov. Dec. I ;;;:.; 
11100 .. -- ----- ----- 'J'. ----- ----- ----- 0. 00 0. 12 ------ ----- ------ ----- ------
11101. ... ----- ----- ------ ----- ----- '1'. '1'. . 35 0.00----- ------ ----- ------
11102.. •• 0.30 0.60 T. '1'. 0.'10 0.00 .09 .87 .65 '1'. 1.2) 0.20 4.40 
11103.... . 30 . 24 0. 03 0. 26 . 23 . 50 . 63 T. . 32 '1'. . 00 . 00 3.12 
HJOL ••. 10 .60 .45 '1'. .84 .08 .15 1.06 .55 0.36 .00 .25 4.44 
1905 ••••. 70 1.52 1.31 .98 1.58 '1'. .45 .19 1.59 .15 3.83

1 

T. 12.36 
1900 ••••. 74 .22 1.421 .39 .45 T. .45 1.28 1.84 .11 1.75 .76 9.41 
Hl07 ...... 53 .45 .51 .82 1.41 .48,1.21 1.31 .21 .62 .4.5 .30: 8.30 

19011.. •• 1.27 .84 .43 .63 .00 .00 .3(l 1.05 1.70 'l'. .10 2.27 8.71 
1!.108.... 0. 31 1.43 . 84 . 20 . 28 . 14 1. 06 1. 14 . 6311.29 . 18 1. 831' 9. 33 

11110 ••••. 97 .21 .87 .12 '1'. .77 '1'. .58 .22, .67 .85 .74 6.00 
lOlL. .•. 78 .78 .53 .35 .00 1.221 .64 .26 1.121· 2.92 .15 .68, 9.43 
Hll2.. ••. 08 .3•1 2.28 .44 .12

1

.03 .47 .14 .08 2.25 .14 .481 0.85 
1913.. ••. 31 .81 .28 .14 'l' .. 05,.44 .50 .62 .58 .66 .771 5.16 

lOlL •• ...:2:~~~2~~~:_:.:..:.:.:..:.:.:..:.:!.:.:.:.:.:.:..:.:.:.:.:_:::.:..:.:.:..:.:.:..:.: 
Menn ••. 60 .08 .701 .3:; .50 .311 .49 .03 .73

1 
.751 ._781 .691 7.28 

Period 

'l'otal 'l'otal 
for for 

Menn driest ~e~\~ 
year yenr 

Period 

- ·----------- ---------1------
0. 50 '1'. 
. 63 0. 45 

December ........ 0.69 0.00 '1'. June ------------- 0. 31 
July.------------- . 49 Jnnunry __________ .00 .30 0.76 

February--------- . 08 . 24 l. 52 August.__________ . 63 T. .19 

Winter_____ 2. 03 . 54 2. 28 Summer____ 1. 43 1. 13 . 64 

September ------- . 73 . 32 1. 59 
October -------- . 75 T. .15 

March............ . 70 . 64 1. 31 

November-------- . 78 . 00 3. 83 
Ap,·ll. ------------ . 36 
MaY-------------- . 50 

. 26 . 98 

. 23 1. 58 

Spring______ 1. 50 l. 13 3. 87 FnlL ..... -12.26~5:57 

Yenr Jnn. l~cb. 

-
1895..-- 0. 26 o. 51 
1890 ... - .10 . 00 
1897..-- 1.10 .89 
1898.--- .90 . 20 
1899 •••• . 28 T . 
1900 •••• .29 .00 
190L-- . 18 . 33 
1902.. •• '1'. .00 
1903 .... .10 . 42 
1904 .... T. '1'. 
1905 •••• . 47 1. 28 
1900.~-- .82 • 20 

Mean •• . 38 .32 

Period 

December •• ------
Jmmnry _ ---------
J?ebrunry -------·-

Winter ••••• 

Mnrch ............ 
April..-----------
MaY------------·-

Spring ... 
1 
... 

AnnunL .... J-7.28 3.12 12.36 

Giles, Wayne County 

(Altitude, 4,000 feet) 

lVlnr. Apr. May Junel July 

-I-
Aug. 

'1'. '1'. 0.10 0.12 0.14 0.17 
'1'. '1'. . 30 '1'.1 . 61 . 78 
0. 24 1. 57 . 24 T. .43 . 69 
'1'. ·. 46 . 83 . 47 . 36 . 59 

. 56 . 78 . 03 . 721 . 93 . 78 
'l'. . 54 '1'. .07 T. .39 
T. . 29 .44 . "'I _ .. , "' . 41 . 03 . 25 .14 . 30 .. 40 

. 26 . 72 1.12 . 65 . 85 .12 
uo .23 . 62 . 47 . 31 1. 28 
. 48 . 78 1. 30 . 05, 1. 50 1.15 

1. 03 1. 22 . 72 . 00, . 65 . 43 

-:38J-. 55 0o -:23)-:5il~ 
'l'otru Totru 

for for 

Sept., Oct. Nov. Dec. An-
nual 

----
0. 35 1.04 0.42 T. 3.11 
2.00 .17 T . T. 3.96 
1. 02 3. 20 . 55 0. 23 10.16 
T. .00 .. 14 .25 4.20 
.18 . 26 . 23 . 43 5.18 
. 29 . 27 .40 . 00 2. 25 
. 00 . 25 T. T. 3 12 
. 57 . 05 . 70 . 29 3. 20 

1.17 . 27 . 00 T. 5.68 
. 88 . 34 . 00 . 50 5. 73 
• 87 . 42 3. 57 .12 11.99 

1. 27 . 20 1.20 . 50l 8. 24 

~~~ . 60 . 19 5. 62 

Totru Total 
for for Menn wet- Period wet-driest Mean driest test test ·year year year year 

---- ----
0.19 'l'. 0.12' June ...... ·------ __ 0. 23 0.12 0. 05 

. 38 0. 20 . 47 July_------------- . 51 .14 1.50 

.32 . 51 1. 28 August.---------- . 70 .17 1.15 
------ ------

.89 . 77 1. 87 Summer. ___ 1. 44 . 43 2. 70 
------ ------

. 38 '1'. .48 j September ........ . 72 . 34 . 87 

. 55 '1' . . 78 October----------- ·.54 1.04 .42 

. 50 .10 1. 30 November ........ . 60 .42 3. 57 ---- ------
]. 43 .10 2. 56 FalL ....... ]. 86 1. 80 4. 86 

------
AnnuaL ..• ! 5. 62 3.10 11.99 

GEOGRAPHIC DISTRIBUTION 

The influence of geographic position on distribu
tion of rainfall is apparent on comparison· of the 
records of the different stations. In the lower parts 
o.f ·valleys tributary to the Colorado the rainfall is 
low; at Giles, Rite, and Paria, with altitudes of 4,000~ 
3,500, and 4,700 feet, the mean annual rainfall is 5.62, 
'l.28, and 8.45 inches, respectively. The only record at 
Lees Ferry is 9.96 inches for the wet year 1916. Of 
these stations only Giles presents records considered 
typical for areas with altitudes below 4,000 feet. The 
rainfall at .Rite is affected by nearness to the Henry 
Mountains and at Paria by the presence of converg
ing valleys. For n1ost places along Glen Canyon the 
rainfall is probably less than 5 inches; vegetation is 
unusually deficient. As the Colorado tributaries are 
ascended the rainfall increases. Along the Paria River 

. Cannonville, 35 miles upstream frmn Paria and 1,300 
feet higher, receives a third Ihore r·ain, and along 
Kanab Creek Alton, 30 miles upstream and 2,000 feet 
higher than J(anab, receives nearly twice as much rain. 

It is ,interesting to compare the rainfall of two coun
ties, Sevier and Piute, wholly within the High 
Plateaus, with that of two adjoining counties, Emery 
and Wayne, that lie east of the ·plateau rim. (See 
fig. 2.) From the beginning of the recor·d to 1920 
the average rainfall of three plateau stations in Sevier 
County is 11.47 inches; of Emery County, 7.36 inches. 
In Sevier County Plateau station (altitude 7,000 feet) 
received 15.19 inches. In Emery County the rainfall 
decreases regularly eastward from Castledale ( 5,500 
feet), with 9.03 inches of rain, through Victor and 
Woodside to Gteen River ( 4,080 feet), where 5.62 
inches is recorded. East of Green River, in Grand 
County, the r'ainfall increases with the altitude. The 
record of Cisco ( 4,385 feet) is 6.33 inches, and for 
Thompson ( 5,150 feet) 8.17 inches. 

A comparison of Piute County with "rayne County 
shows the same relations. The average rainfall for 
the stations of Piute County is 9.98 inches, for '\Vayne 
County it is 6.80 inches, and a decrease is recorded as 
the Fremont River is descended. At Giles the rainfall 
is 5.62 inches . 

In crossing Garfield County f1~om the heart of the 
High Plateaus to . the Colorado the precipitation de
creases from 11..52 inches at Panguitch (altitude 6,560 
feet) to 7.28 inches at Rite, 115 miles east (3,500 feet). 

· VARIATION FROI\l YEAR TO YEAR 

The variation in amount of rainfall from year to 
year ranges between less than half the normal and 
twice the normal, measured through a period of years. 
. (See fig: 3.) · The records for Alton show that 3 years · 
of excessive rainfall occurred during a 26-year pe
riod-32.52· inches in .1905, 34.85 inches 'in 1909 (the·. 
hea,fiest rainfall for this station), and 28.82 inches in· 
1911. The precipitation preceding and following these 
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" wet " years was near normal. The driest year on 
record at Alton is 1923, with a precipitation of only 
11.5 inches, or about half the normal, and this year 
was . preceded and followed by other dry years. At 
Cannonville, where the mean annual rainfall is 11.~7 
inches, 4.51 inches was recorded for 1918 and nearly 
five times as much (21.78 inches) for 1906. · The cor-

period that includes the wettest years at Alton, Can
nonville, Escalante, Giles; Rite, and Kanab. At all 
stations of record 1927 was a wet year. These dry 
and wet periods are not, however, made up of years 
that show corresponding records for ·all stations. 
Wide variations at one station are not matched by 
similar fluctuations at all other stations. 
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FIGURE 2.-Map of southeastern Utah showing location of meteorologic stations with reference to the rims of the High 
Plateaus and to Colorado Valley 

responding extremes for Rite are 3.12 and 12.36 inches; 
for Kanab, 7.29 and 20.70 inches; for Paria, 4.85 and 
14.9 inches; and for Giles, 2.25 and 11.99 inches. Ex
treme variation in successive years is shown by records 
at Cannonville, 5.77 and 14.97 inches; at Rite, 4.44 and 
12.36 inches; at Kanab, 8.61 and 18.90 inches; at Paria, 
6.18 and 14.09 inches; and at Giles, 3.96 and 10.16 
inches. . The fragmentary records show that drought 
was general in southeastern Utah in 1896, 1899,.1902-
1904, and 1916-1918, and 1922-1924 and that abnormal 
amounts of rain fell during the years 1905-1911, a 

SEASONAL DISTRIBUTION 

For ·a region whose maximum precipitation is in
sufficient for agriculture and in places for grazing, 
without irrigation, great variations in rainfall from 
year to year are significant.· Of even greater signifi
cance is the amount of rainfall received in correspond
ing months from year to year. In this respect south
eastern Utah is seriously handicapped. (See fig. 4.) 

At Escalante the precipitation for January ranges 
from 0 to 2.45 inches; for July from 0 to 3.40 inches; 
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and even for August, the wettest month of the year, 
from 0.43 to 4.50 inches. At Giles the difference for 
the· n1onths of different years is as follows : January, 
trace to 1.10 inches; February, 0 to 1.28 inches; March, 
trace to 1.10 inches; April, trace to 1.57 inches; May, 
trace to 1.12 inches; June, 0 to 0.72 inch; July, trace 
to 1.50 inches; August, 0.17 to 1.56 inches; September, 
trace to 2 inches; October, 0 to 3.20 inches; November, 
0 to 1.20 inches; December, 0 to 0.50 inch. For. some 
months the rainfall of the driest year exceeds that 
of the wettest year. Similar contrasts occur in the 
records of other stations. 

The diagrams of seasonal distribution of rainfall 
(fig. 4) show that summer is the rainy season for 
Cannonville, Escalante, Paria, and Widtsoe, winter at 
Alton, winter and spring at Kanab, and fall at Giles 
and Hite. The records for Cannonville, Escalante, 
Giles, Hite, and Widtsoe indicate one dry season fol
lowed by one wet season with two seasons of inter
mediate grade. Alton and l{anab have a dry season, 
preceded and followed by wet seasons. Paria has , 
three dry seasons. These periods, however, do not 
correspond with the seasons, as that term is conven
tionally used. The period July, August, and Septem
ber is the season for maximum precipitation at Can
nonville, Escahtnte, Giles, Paria, and Widtsoe, during 
which 36 per cent of the total rain falls; and April, 
May, and June constitute the driest group, with 20 
per cent of the precl.pitation. Rainfall in January to 
March is slightly greater than in October to Decem
ber; these seasons receive, respectively, about 23 and 
21 per cent of the annual precipitation. For Alton 
:and Kanab, January to March constitute the rainy 
:season; for Hite, October to December. 

The season of least rainfall, April to June, is the 
;growing season for most crops, and therefore the sea
:sonal distribution of rain is unfavorable for agricul
ture or vigorous reproduction of many grasses. Half 
:an inch of rain a month for the period April to June 
is an unusually large precipitation for most parts of 
·southeastern Utah, and during dry years the com
·bined precipitation of these three months may be less 
than half an inch. Moreover, plants obtain only a 
portion of this meager supply, for evaporation is most 
·effective during the clear, dry, hot days of early sum
mer, and the efficiency of the rainfall is correspond
ingly lessened. The moisture in the ground, which is 
:supplied by the rains of winter supplemented by the 
·scattered showers of spring, is sufficient to allow seeds 
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to germinate · and to. send . their shoots. above ground 
but is insufficient to bring a crop to maturity. The 
rainfall of July therefore becomes the critical climatic 
factor in grazing and agriculture. The tables show 
that for the period under observation less than 1 inch ~ 
()t rain :falls during July in 10 years out of 26 at . S3H::>NI Nl N01.l'V.1.1dl;)3~d . 
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Alton, 13 out of 38 at Cannonville, 8 out of 21 at Esca
lante, 11 out of 12 at Giles, 12 out of 15 at Hite, 9 out 
of 21 at Kanab, 5 out of 6 at Paria, and 4 out of 15 at 
\Vicltsoe. 

"Tith deficie"ut spring rains and great fluctuations 
jn the July rainfall, natural agriculture in .the J{aipa
rowits region is unprofitable. In exceptionally wet 
years some "dry farms" in the Butler, Dry, Round, 
and Escalante Valleys have produced smail crops, but 
for most years the yields are insufficient to repay the 
cost of seed and tillage. On unirrigated land ~ban- · 
cloned homesteads are common. 
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downpour, and the precipitation for a month may be 
the result of an hour's rain. Such showers seem ac
tually to pour great quantities of water on the grQund, 
and during their progress the fla.t surfaces become 
lakes, dry washes are converted into torrents, and 
cliff faces take the form of sheeted waterfalls. Usu
ally these showers are separated by days or weeks. 
lVIuch of the irregularity in distribution as recorded 
by individual weather stations is doubtless due to this. 
very local distribution of rainfall. 

The usual shower is local, shortlived, and sporadic. 
It covers but a fmv square miles, or even but a few 
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FIGtJRE 4.-Seasonal distribution of rainfall in southeastern Utah 

The mean monthly precipitation at stations in the 
Kaiparowits region and vicinity is shown in Figure 4. 
This diagram also shows the maximum and minimum 
recorded monthly rainfall and the distributio.n of rain . 
during the wettest and driest years. At some stations 
the rainfall for certain months in the driest years far 
exceeds that for the same months of the wettest years. 
At Escalante the greatest measured precipitation for 
May occurred in the driest year on record. 

CHARACTER OF RAINSTORMS 

The characteristic rai~storm of the Kaiparowits 
region is a violent local shower. Gentle rains that last 
more than 24 hours are very rare, but showers of 
20 to 30 minutes' duration may result in a heavy 

hundred acres. It may thoroughly soak a small area 
on a canyon floor or n1esa top without affecting ad
joining areas beyond a clearly defined limit, Prob
ably no single sho\ver or series of consecutive showers 
has covered all of Kane or Garfield County. Dur
ing June, 1915, no rain was encountered on a traverse 
from Lees Ferry to Hite, but the rain gages at Can
nonville, Widtsoe, and Alton recorded two or more 
showers. In June, 1918, Escalante received five times 
its normal amount of rain, while Cannonville, 35 miles 
distant, received less than half its normal amount. 
On September 1, 1922, one of the heaviest downpours 
ever received at Cannonville did not reach Butler 
Valley, about 10 miles to the southeast, and on Septem
ber 16, 1924, a hailstorm that destroyed fruit trees 
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:ttnd covered the ground with white ice marbles had 
.a radius of less than 5 miles. 

Showers on the l(aiparowits Plateau and along the 
rim of the I-Iigh Plateaus are usually accompanied by 
hail, and during their progress and for some time 
.afterward the air is uncomfortably chilly, but at alti
;iatdes below 6,000 feet the intense heat that precedes .. 
the spring and summer showers is reestablished within 
tln hour or two after the raii1 has ceased. The ground 
soon loses its wetness, and so quickly is clothing and 
camp equipment dried that it has been found unneces
snry to can:y tents, even during August. The only 
serious hindrance to field work is the lightning, which 
almost invariably accompanies showers in August and 
September. It is disturbing to see lightning strike 

·near-by trees and rocks and frighten the pack horses, 

for it seems as if each bolt was directed toward the 
men at work in the field. In September, 1922, two 
men we1~e killed in Grass Valley, south of Widtsoe. 

TEMPERATURE. 

The elements of I'nost significance in the tempera
ture of southeastern Utah are ·given in the following 
tables, which are compiled from records obtained 
through the lTnited States Weatli.er Bureau. All the 
stations listed are in char.ge of voluntary observers, 
and many of the records are incomplete and solne may 
be inaccurate. The information available, however, 
is considered sufficient to indicate the value to be given· 
to the temperature element in the climate of the l(ai
parowits region. The figures are for the period end
ing December 31, 1923. 

Records of temperature in southern Utah (° F.) 
Alton 

[Altitude, 7,000 root. Station in high, narrow valley, and about 500 feet from base. of foothills. At Ranch, in Long Valley, about 6 miles southwest, prior to 19151 

Years Janu- Febru- March April May June July August Sep- Octo- No- De- Annual 
ary ary tember ber vember comber 

·- --- -~----------------·1------------------------ ---------
16 24.7 27.7 33.0 41.9 48.0 56.6 62.1 61.6 54.7 45.8 36.2 26.5 43.2 
16 38.8 41.5 46.6 57.5 64.4 75.2 i3. 2 iS. 1 71. 7 62.3 51.4 40.7 58. 4. 
16 10. 7 13.8 19.4 26.4 31.6 38.0 45.0 45.0 37. 7 29.4 21.0 12.3 27.5 
18 64 62 67 78 87 94 93 93 88 81 70 68 94 
18 -20 -20 -10 -2 5 25 25 31 18 3 -9 -19 -20 

1\lreon •• _____ --------------- ____ ------ ___ ------ ____ _ 
Highest monthly moan _____ -------------------- ___ _ 
J~owost rnouthly meau •. ---------------------------
Highest temperature. __ --------·------------ _______ _ 
Lowest tomporaturo _____ ---------------: ____ -------

Cannonville 

lAltitude, 6,000 foot. Station located in small valley; cliffs and plateau lands several hundred feet in height a few miles to the west and north; low hills to the south and east] 

l\IIoau ______________ ---- ____________ ------ __ - _- _____ 20 27.6 30.6 33.4 44.9 52. 1 61.4 67. 1 64.9 57.9 48. 1 38. 1 28.3 Highest monthly 1110an _____________________________ 20 41.5 44.7 52.0 60.2 69.5 80.5 85.0 82.0 75.9 65.9 53.9 42.6 Lowest monthly 1110au ______________________________ 20 13. 6 16. 7 24.0 29.5 34.7 42.8 49.3 47.8 39.9 30.4 22.2 14. 1 
Highest temperature. ______ -----------_------------ 20 67 67 74 84 96 100 101 101 100 84 72 76 
.Lowest temperature ________ -------_------_--------- 20 -20 -32 0 6 13 20 32 30 11 10 -9 -15 

Escalante 

[Altitude, 5,(00 feet. Station in small town in billy country with numerous rocky bluffs, on edge of fiat, barren plain) 

I Moan ______________________________________________ 
13 26.7 32.6 41.0 48.2 54.8 65.0 69.2 67.7 59.9 49.9 39. 1 28.3 

Highest monthly mean.---------------------------- 13 40.3 45.8 54.9 64.1 71.2 83.2 86.0 83.6 77.0 65.6 54.3 42.3 
Lowest monthly mean----------------------------- 13 13. 2 19.2 27. 1 32.3 38.5 46.9 52.5 51.7 42.9 34.3 24.0 14. 3 
Highest tornpomturo. ------ ________________________ 15 61 84 80 83 92 98 98 97 90 87 72 62 
:Lowest tornporuturc .••• ____________________________ 15 -17 -11 8 11 25 31 38 32 22 15 1 -15 

Giles 

[Altitude, 4,000 feet. Station in valley of small river in generally rolling country] 

Moan •• _------------------------- __________________ 12 25. 1 31.2 42.5 52.2 

"'I 
69.7 77.2 74.6 64.6 50.9 38.0 24.9 

J~host monthly moan _____________________________ 12 38.8 45.8 57.9 69.0 79.3 91.0 96.5 93.8 84.6 68.4 53.9 39.5 
L ,vest monthly moan.------------------------·---- 12 11. 5 16.6 27.1 34.6 43.2 50.5 57.9 56.3 44.8 33.1 22.1 10.4 
Highest tompomture ___ ------ ____ ------ ____ -- __ ---- 12 59 70 84 95 100 110 111 106 99 89 73 64 
:Lowest tomporaturo ________________ --- _ ------ ______ 12 -21 -18 5 8 26 32 39 39 25 11 -5 -11 

i 

Bite 

[Altitude, 3,500 feet. Station in the canyon of Colorado River, whose walls are 1,500 to 2,000 feet high; station 500. ~eet from river] 

.1\!J"oau. ______ --------------------- __________________ 14 35.7 42.4 51.1 59.2 f>S. 2 77.7 84 2 82.8 72.5 Highest monthly moan _____________________________ 14 46.8 54.7 :;.;. 1 74.2 83.4 94.2 99.5 97.7 88.5 
J~owost monthly mean._----- ____ ------ ____________ 14 24.7 30.0 ~7. 3 44.3 52.9 61.3 68.8 67.9 56.4 
.liighost tomporaturo. ______________________________ 14 66 81 86 94 104 111 115 110 104 Lowest tompomturo _________________ ----- __________ 14 1 6 18 28 35 40 44 51 39 

Kanab 

[Altitude, 4,925 feet. Country is generally level and open to the south, with high abrupt hills to the north) 

l\1oan _ ---- ________________________________________ _ 9 30.5 
.l:fighost monthly mean ____________________________ _ 9 44.4 
J~owost monthly menu ____________________________ _ 9 17. 1 
Jlighost tompomture. ------------------------ _____ _ 11 62 
.Lowest temperature __ ··---------:------------------ 11 -15 

35. 1 
49.6 
21.2 
70 
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41.6 
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85 

1 
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36.7 

101 
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91 
29 
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69.6 
35 0 
89 
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Records of temperature in southern Utah (° F.)-Continued 

Widtsoe 

(Altitude, about 7,500 feet] 

Mean __ -_- __________ ------------------------------- 2. 11 24. 3 31. 6 36. 5 . 48. 4 58. 1 64. 7 61. 0 54. 6 44. 7 34. 2 27. 1 42. z 
45.1 
39.5 
92 

Highest monthly mean----------------------------- ~6 ~9 K6 ~1 ro2 ms MS ~o RS ~4 ~4 ng Lowest monthly mean ____________________________ _ 3 17. 0 22. 7 29. 0 33. 2 4 7. 2 55. 6 64. 1 59. 4 51. 0 40. 4 31. 5 24. 3 
Highest temperature.------_----------------------- 3 -------- ---------------- -------- -------- -------- -------- -------- -------- -------- -------- --------
Lowest temperature ____________ --~----------------- 3 -------- _· _______ -------- -------· -------· -------- -------- -------- -------- -------- -------- -------- -17 

The influence of altitude and topographic position 
on temperature is shown by a comparison of the tables 
for Alton, Giles, Hite, and Kanab. Decreasing alti
tudes are accompanied by increasing mean annual 
temperatures. At Alton (altitude 7,000 feet) the 
thermometer rarely goes above 90°, and the highest 
temperatures recorded for 18 years are June, 94°; 
July, 93°; August, 93°; and for four or five months 
in a year the thermometer falls below 20°, and - 20° 
has been recorded. At Hite (altitude 3,500 feet) zero 
t~mperatures are rarely recorded. The range between 
the highest and the lowe_st monthly means is least for 
Widtsoe, 5.6°, followed in order by Hite, 28.4°; Alton, 
30.9°; Escalante, 31°; Cannonville, 32.4°; Kanab, 
33.8° ; and Giles, 34.2°. These figures of mean an-

. nual temperature and the range between the lowest 
and the highest average monthly means are not un
like those preva,iling in temperate latitudes and there
fore give little indication of. the temperatures experi
enced in this region. 

The annual and daily ranges of temperature are 
of greater significance. The maximum annual range 
recorded for 'Alton is 114° (94° to -20°) ; for Esca
lr.nte, .115° (98° to -17°) ; for Giles, 132° ( 111 o to 
-21°) ; for Hite, 1166 (115° to -1°) ; for Kanab, 
120° (105° to -15°); and· for Widtsoe, 109° (92° 
to -17°). The greatest range (133°) is at Cannon
ville, where a July and August temperature of 101 o 

is offset by the )ow February record of 32° below 
zero. At all points within the Kaiparowits region 
below 7,000 feet, temperatures that exceed 100° 
normally occur for tO to 20 days each year. At such 
times the temperature in the sun is almost intolerable. 
In the Fiftymile Desert and the W ah~eap country 
the surface soil reaches 140°, and bridle buckles and 
camp utensils exposed to the sun almost scorch the 
fingers. Except within the deeper major valleys and 
to a less extent in other canyons, temperatures below 
zero are normal in December, January, and February, 
and at points on the higher plateaus zero weather for 
five or six days in succession has been experienced. 
Reservoirs are coated with ice, and the soil is frozen 
to depths of 2 to 6 feet. Nearly every year the Colo
rado River in Glen Canyon freezes over in places; 
in 1878 the ice was 2 feet thick at Lees Ferry; and 
during the winter of 1924-25 horses were taken across 
on the ice at the mouth of Halls Creek-a feat many 

times performed by the Navajos at the Crossing of 
the Fathers. 

High ranges in annual temperature are accompanied 
by great daily range. A daily range of about 40° 
is probably common to the whole area; ranges of 50° 
have frequently been experienced. A worker in this 
region soon learns that however hot the day may 
be an ample supply of blankets may be required at 
night. In June, 1918, along. the south rim of the 
Kaiparowits Plateau the heat of the day interfered 
with field work, but on three mornings frost covered 
the ground. At altitudes above 5,000 feet several 
days with temperatures of· 70° to 80° were followed 
by nights in which ice formed in the camp buckets. 
Sudden changes during the· day are infrequent, ex
cept when thundershowers cool the air for a few 
hours. On hot summer days a hailstorm may lower 
the temperature within an hour to a point where 
handling instruments and writing in notebooks is 
painful. 

Fortunately, however, in the Kaiparowits region 
high temperatures and great daily range are ac
companied by dry air. Instrumental measurements 
have not been made, but for the region as a whole 
the humidity is probably less than at Flagstaff, .1\riz., 
where the mean. relative humidity is 62 per cent, be
ing lowest (39 per cent) during June, the driest and, 
during some years, the hottest moilth.29 High hu
midity and high temperature are not contempora
_neous, with the result that heat, though distressing, is 
not enervating and oppressive. Here, as in the Nav
ajo country, "a hot-air bath, not a steam bath, is part 
of the daily routine." 

The average date of the first killing frost of tu
tumn ranges from September 12 at Alton and Can
nonville to November 3 at Hite; and the average date 
of the last killing frost of spring ranges from March 
24 at Hite to June 20 at Alton. The stations under 
observation (seep. 21) have normally a growing sea
son as follows: Alton, 84 days; Cannonville, 98 days; 
Widtsoe, 99 days ; Kanab, 128 days; Escalante, 128 
days; Giles, 140 days; and Hite, 224 days. No frost 
records are available for Paria. Where water has 
been made available this long growing season, coupled 
with l).igh temperature, is favorable for alfalfa, corn, 

.29 U. S. Weather Bur. Bull. W, vol. 1, 1912. 



CLIMATE OF SOUTHEASTERN UTAH 23 

and fruit raising. Ho,vever, when a period of several 
years is considered, it appears that the normal length. 
of the growing season may be much shortened. Thus 
the growing season may be shortened by six weeks 
at Rite and reduced to 95 days at Giles, 50 days at 
Kanab, 75 days at Widtsoe, 51 days at Escalante, and 
22 days at Cannonville; and Alton may ha.ve killing 
frost any month of the year. These records are 
charted in Figure 5. 

The bearing of these figures on agriculture may be 
seen from the fact that corn requires, on the average, 
90 to 150 days and fruit an even longer time to reach 
maturity. 

1-w 
w 
~ 

z 

up and down canyon walls the air seems continuously 
in motion and at times is difficult to face, but during 
the course of field work no widely sweeping sand
storm was encountered. The most disagree~ble expe
riences are associated with the huge clouds of whirling 
dust which roll across the ground to meet the oncom
ing thundershowers. As compared with the winds 
in adjacent areas, those of the Kaiparowits region are 
neither intense nor continuous. In the minds of the 
Navajo who live south of the Colorado River the 
Wind People were sent to dry up the earth, and "Wind 
and Night" (sandstorm) is a dreaded expression of 
powers :for evil. To the Piutes of southern Utah the 

Escalante 

w 5,000~~~~~~~~~~~~~~~~~~+-____,;,--+-1---+----l---+---+~~~~~~~Kanab 
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FIGURE 5.-Relntlon of time of kllling frost to altitude in southeastern Utnb. Based on records nt meteorologic station!:! 

W,IND 

Small areas of dunes and rippled flats of eolian 
sa.nd, widely spread over the Kaiparowits region, bear 
witness to the presence of winds. In places rocks are 
being polished and etched by wind-blown sand and 
vegetation is successively buried and uncovered. 

For the two stations where records have been kept 
the prevailing direction of wind is west at Alton a~d . 
northwest at Cannonville. As it crosses the grass
covered or forest-covered High Plateaus its :force is 
diminished and it reaches the settlements at the plateau 
base strained almost clear of dust. As the wind pro
ceeds eastward down the Escalante Valley it gathers 
force enough to sweep the ground clear of dust, which 
it carries to Glen Canyon and to the uninhabited 
regions beyond. The wind along the southwest base of 
the n:aiparowits Plateau likewise has no collecting 
ground for dust and is hindered in its course by rock 
masses that rise from the surface and project from the 
plateau. It must start and stop, pick up, and deposit 
sand at relatively short intervals. The absence of ex
tensive flats and the presence of innumerable cliffs, 
mesas, and canyons provide conditions unfavorable for 
uninterrupted sweeps. Whirling colun1ns of dust are 
in evidence, and around bases of rock buttresses and 

winds and storms over the plateau top and among the 
winding canyons are not unfriendly; chiefly the light
ning is dreadful and sublime. Mooney 80 has thus 
translated one of their folk songs : 

The wind stirs the willows, 
The wind stirs the willows, 
The wind stirs the willows, 
The wind stirs the grasses, 
The wind stirs the grasses, 

The rocks are ringing, 
The rocks are ringing, 
The rocks are ringing, 
They are ringing in the' mountains, 
They are ringing in the mountains, 
They are ringing in the mountains. 

An interesting phase of wind activity was observed 
in canyons, where, with seeming disregard to regional 
direction, winds on summer days travel up the valley 
and reach the surface above by going up the hot cliffs 
at the canyon head or dividing to follow tributaries. 
At night they return down the valley, and the explorer 
so.on learns to place his camp fires with this knowledge 
in mind. At many junctions of canyons small ridges 
of sand are alternately moved ·and replaced. 

80 Mooney, James, Bur. Am. Ethnology Fourteenth Ann. Rept., pp. 
1054-1055, 1896. 
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SOIL 

In the Kaiparowits region soil is rare; if defined 
:as deeply decomposed or disintegrated rock mixed 
with humus and water it is almost absent. On flat
.topl)ed mesas and plateaus the soil, weathered directly 
from the 'underlying rock, forms a mantle a few inches 
thick, but even here the soil cover is not continuous. 
On the plateau edges (the " breaks ") the areas of dis
integrated shale and sandstone, though technically 
dassed as soil, have no agricultural value. In general 
the conditions are unfavorable for makino- and retain-
. b 

1ng soils. The scanty vegetation, the absence of sod, 
the sudden showers, and the rapid run-off favor re
moval·of the soil as rapidly as it is formed. Soil does 
not remain on the steep slopes that are characteristic 
of this region, nor on flatter areas where the surface is 
thoroughly washed by tumultuous waters from cloud
bursts and swept clean by winds. Over: hundreds of 
square miles the surface consists of clean, bare rock. 

Most of the soil in this region is transported soil. It 
has been brought to its present position by streams and 
wind. · Many depressions on the surface have been 
filled by debris washed from their . edges, and into 
many rock cracks surface materiaL from near-by 
places has been dumped. Some former canyons and 
innumerable tributary valleys have been partly filled 
with stream-borne debris, and a few flat-floored val
leys are flanl~ed with soil deposited at highwater 
.stages. Similar soil is displayed in alluvial cones 
:along valley sides and in fragmentary terraces that 
cling to canyon walls. Eolian soils in the form of 
dunes are displayed· here and there at the bases of 
cliffs, on open flats, and within canyons. At one place 
in the Escalante Valley dunes have completely oblit
et·ated the canyon wall and replaced bare rock with 
soil that supports a cover of vegetation. In the Wah
weap country wind-blown soil coats large areas, and 
fine dust settling from the air probably forms part of. 
1nost soils in this region. In fact, some of the best 
grazing areas in valleys owe their value to annual 
grasses that find uncertain foothold in the shiftino
sands. . · 

0 

Such soil as the region affords is derived from rocks 
that are deficient in the mineral matter needed by 
plant~. The sand~tone and sandy shale of the Paria 
Valley, Glen Canyon, Waterpock:et Fold, and Esca
tnnte Valleys are prevailingly quartzose and therefore 

. poorly supplied with plant foods. The sandsto~e and 
sha.lethat constitute the upper half of the Kaiparowits 
Plateau co~tain a higher proportion of desirable min
erals, and the limestone and basaltic lava alono- the 
. . b 

race and top of the Paunsaugunt, Table Cliff, and 
·Aquarius Plateaus furnish soil of good quality. But, 
although about 90 per cent of the soil is derived from 
rocks that furnish little or no lime, potash, and phos
phoric and sulphuric acid, the soil is not infertile, owing 

largely .to the arid climate. Because the scant supply 
of water in the ground is not sufficient to leach out the 
soluble constituents, the bits of plant food sparingly 
distributed in the rocks are accumulated in the soils · 
and stored for long periods. That the soil has fertil
ity is shown by the vigorous natural growth of peren
nials and annuals where sufficient water is present and 
by the c~ops harvested at Lees Ferry, Paria, Cannon
ville, and Escalante. The one substance lackin o- is b 

water. The dry air and open-textured soil permits the 
moisture to escape at the surface, thus depressing the 
water table to a depth that makes natural farming 
unprofitable and dry farming speculative, but irriga
tion farming brings satisfactory returns. Unfortu
nately there is not enough water available in the Kai
parowits region to supply more than a few square 
miles, except at prohibitive cost. The most favorably 
situated lands are already under irrigation, ·and the 
land that might be irrigated is more than offset by 
the amount destroyed by the down cutting of alluvium 
in the washes. (See p. 30.) 

VEGETATION 

Members of the Powell and Wheeler surveys were 
impressed by the general scantiness of the plant cover 
of southern Utah. Powell 31 remarks: 

Many portions of the elevated district are devoid of tim
ber ; * * * the forests of these upper. regions ar~ mo
notonous, as the variety of tree life is very small ; * * * 
the coniferous trees * * * are ragged and gnarled, and 
the lumber they afford is not of the finest quality. 

Powell lists 5 species of pines, 6 of fir, 2 of juniper, 
3 of poplar, a maple, a box ·elder'; an oa~, a birch, a 
hackberry, and 2 species of ash-these last seven rare
as 

a nearly complete list of forest trees. * * . * Nearly all the 
grasses on the highlands are bunch grass. The spaces by 
which they are separated at;e bare or occupied by weeds and 
shrubs. * * ·• A continuous turf is never seen. * * * 
The regions south a~~:d east of the High Plateaus are exceed
ingly desolate ; naked rocks are found, refusing footing even 
for dwarfed cedars and piiion pines ; the springs are infre
quent and yield n·o bountiful supply; its patches of grass are 
widely scattered, and it has but little value for agricultural 
purposes. 

Dutton 32 ·saw in sharp contrast the veo-etation of the 
rim of the Aquarius Plateau and of th; canyon lands 
that stretch eastward to the Colorado. He says : 

Yesterday [in upper Fremont Valley] we were toiling over a 
burning soil, where nothing grows save the ashy-colored sage, 
the prickly pear, and a few cedars that writhe and contort 
their stunted limbs under a scorching sun. To-day we are 
among forests of rare beauty and luxuriance ; the air is moist 

31 Powell, J. W., Report on the lands of the arid region of the 
United States, with a more detailed account of the lands ·of Utah, 
pp. 98-110, U .. S. Geog. and Geol. Survey Rocky Mtn. 'Region, 1879. 

32 Dutton, C. E., Report on the geology of the High Plateaus of 
Utah, pp. 284-291, U. S. Geog. and Geol. SUI·vey Rocky Mtn. Region 
188~ ' 
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nnd cool; the gl'Usses are green and rank, and hosts of flowers 
deek the turf like the hues of a Persian carpet. 

Eastward from the plateau riri1 he saw 

bumiug plains, barren even of sage-aU glowing with bright 
colot· mul flooded with blazing sunlight. * * • It is the 
e:!Ctt·eme of desolation, the blankest solitude, a superlative 
dcsett ; .:. • • tl~e plain is barren, treeless, and waterless. 

If Dutto~1 had descended fr01n the High Plateaus 
to the "desolate" Escalante Basin, where "the air 
boils like a pot," or had visited the Paria and Glen 
Canyon districts, s01ne harsh lines would be absent 
from his picture. Traverses of these regions bring to 
view a remarkably distributed and widely varied flora, 
above which, along the. plateau rims and tops, trees 
and brush are as abundant as in most parts of the 
Colorado plateaus. It is true, however, that vegeta
tion in the I\:aiparowits region has an unfriendly en
vironment. Nowhere is it luxuriant, and at few places 
do the plants crowd one another in their search for 
water and favorable soil. As a rule, the grass is in 
hunches, the shrubs in clumps, and the trees in small 
groves with considerable spac~s separ'ating them. 
Many plnnts hnve no nenr neighbors; they stnnd as 
individuals in tracts of several acres or are present by 
twos or threes in areas of several square miles. Ex
cept on the I\:aiparowits Plateau and about the head
waters of the Paria and Escnlnnte Rivers, patches of 
gL'een are a small part of the landscape. Large areas 
ure devoid of vegetation. 

The high walls of hundreds of canyons are in gen
eral without plant cover on their faces and on their 
tops. It is possible to follow the rim of Glen Canyon 
from the Paria to Halls Creek and to continue the 
journey along· the crest of the vVaterpocket Fold to 
the Circle Cliffs without stepping on grass or passing 
beneath trees. (See pl. 21, 0.) Similar conditions 
would be found in a traverse along the Escalante 
River from its mouth to Sand Creek. For the region 
a~ a whole, including the plateau tops, cliffs, and can
yon walls, it is estimated that vegetation. in the sense 
that that ter1n is used in the Colorado plateau prov
ince covers 20 per cent of the surface; for the lower 
Escalante Valley, the southeast end of the l(aiparo
wits Plateau, and the south half of the W aterpocket 
Fold it covers probably less than 5 per cent. 

The distribution of plant life in the Kaiparowits 
region corresponds roughly with the zonal. arrange
ment outlined for northeastern Arizona,33 but the 
boundaries of the zones are more irreo-ular and broader 

. b ' 
und overlapping of zones is common. In this region 
topography, with its attendant control of rainfall, 
temperature, evaporation, insolation, and wind, deter
Ill ines the character of plnnt life and the boundaries of 

:sa Gregory, H. E., The Navajo countt·y-a geogmphic and hydro
gruphlc reconnaissance of parts of Arizona, New Mexico, and Utah: 
U. S. Geol. Survey Water-Supply Papet· 380, t>. 72, 1916. 
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ecologic provinces. The unusually con1plex vertical 
and horizontal arrangement of canyons, stream flats, 
slopes, cliffs, mesa tops, plateau tops, areas of soil, and 
areas of bare rock naturally provides local environ
ment with little regard to contour lines. 

Cottonwoods grow within the lowest canyons at 
3,125 feet and also .in dry washes above 6,000 feet. In 
places yellow pine constitutes forests between 7,000 
and 9,000 feet but is absent from large areas between 
7,000 and 8,000 feet and appears here and there below 
u,OOO feet. Pifi.on and juniper range from about 3,500 
feet to the edge of the High Plateaus at 10,000 feet. 
Sagebrush, willow, and water-loving grasses, reeds; 
and ferns seem to be distributed almost regardless of 
altitude. 

Although it is difficult to establish boundaries, it 
has been found convenient in field work to recognize 
three plant zones in the Kaiparowits region, as 
follows: 

1. Zone of cottonwood, cactus, and yucca. This 
zone includes the Coloradq and tributary valleys to an 
altitude of about 5,000 feet. Within this zone vege
tation is everywhere scanty. In Glen Canyon yucca 
and cactus occupy the few talus slopes and cling to the 
walls; willow grows profusely on exposed sand bars, 
reappearing after each flood; cottonwoods stand on 
high level terraces at the mouths of tributary streams, 
where scrub cedar, oak, box elder, Brigham tea, rabbit 
brush, hackberry, and greasewood are also found. 
The vines and bushes within and adjoining Glen Can
yon are duplicated in the Paria, Escalante, and Halls 
Valleys and along stream ways draining south from the 
l{aiparowits Plateau. Cottonwoods are particularly 
abundant in the Paria Valley. The vines present in
clude poison oak, Virginia creeper, clematis, and grape. 
Grass of several varieties appears as detached tufts 
among boulders, in rock cracks, and on quiescent sand 
dunes. Moss and ferns watered from seeps form .green· 
spots on red sa.nclstone walls. Tamarisks and Lom
hardy poplar that were planted at Paria about 1875 
have made good growths; fruit trees, corn, and sor
ghum give satisfactory yields at Paria, Halls Ranch, 
Lees Ferry, and Hite. 

2. Zone of pinon, juniper, and sage; altitude, 5,000 
to 8,000 feet. The dominant vegetation for a larger 
part of the Kaiparowits region consists of continuous 
forests, scattered patches, and individual trees of 
pinon and juniper, together with vigorously growing 
sagebrush. (See pls. 8, B ; 22, B.) This type pre
vails on the top and flanks of the Kaiparowits Pla
teau, along both sides of the W aterpocket Fold, and 
on the slopes of the Paunsaugunt, Table Cliff, and 
Aquarius Plateaus. The relative amounts of pinon 
and juniper differ widely from place to place, and the 
sage grows under the trees, in " parks " between them, 
or in uninterrupted fields covering hundreds of acres. 
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1Vith these dominant forms are found nearly all the 
plants represented at lower altitudes, and within this 
zone are many individual trees and some groves of 
yellow pine and aspen, characteristic of higher alti
tudes. Bullberries, service berries, and mountain ma
hogany are fairly common, and at Pleasant Spring 

. (altitude about 6,000 feet) occurs an unusual associa
tjon of pifion, juniper, aspen, willow, oak, birch, 
alders, luxuriant .wild cherries, and rosebushes. Fruit 
trees, corn, wheat, and grapes ~ourish at Cannonville, 
Tropic, Henrieville, and Escalante. Potatoes, which 
were found growing wild in the Potato Valley (Esca
lante), produce excellent crops. 

3. Zone of yellow pine, spruce, and fir; altitude, 
8:000 to 11,000 feet. On the upper slopes and top of 
t.he Aquarius, Table Cliff, and Paunsaugunt Plateaus 
and round about Canaan Peak yellow pine predomi
nates at altitudes under 9,000 feet and is followed up
ward in turn by spruce and fir. The trees are inter
spersed with beautiful groves of aspen and under
grown with oak, willo1v, manzanita, sage, and many 
grasses. In places the pines grow singly or in widely 
spaced groups, and grass-floored parks are common. 
Nearly all the lands ,in zone 3 are within the Powell 
National Forest-the source of lumber and of sum
mer grazing 'for Kane, Garfield, Wayne, and Piute 
Counties. The following list of plants growing in 
the forest has been furnished by Mr. Wall ace M. 
Riddle, forest supervisor: 

Valeriana ceratophylla. 
Kunzia tridentata, bitter or 

deer. brush. 
Pseudocymopterus tidestromii, 

angelica. 
Astragalus thompsonae, loco. 
Astragalus decumb~ns, small 

loco. 
Sericotheca dumosa, bearberry. 
Hedysarum pabulare, bee-

weed .. 
Apocynum scopulorum. 
Koeleria cristata, early grass. 
Carex misandra, mountain 

broadleaf. 
Carex festiva. 
Juncus badius, ,meadow grass. 
H ymenoxys richardsonii, yel-

lowweed. 
Lithospermum multiflorum, 

yellow honeysuckle. 
Eriogonum croceum, small · 

yellowweed. 
Eriogonum corymbosum, apple 

brush. 
Eriogonum racemosum. 
Thalictrum sparsiflorum, 

waterweed. 
Madronella o d o r a. t i ssima, 

horsemint. 
Tithymalus luridus, smarting 

milkweed. 

Ligusticum porteri, wild carrot 
Dasystephana affinis, meadow 

bluebell. 
Dasystephana parryii. 
Dugaldea hoopesii, sneeze

weed. 
Dasiphora fruticosa, elk brush. 
Arnica rhizomata, dwarf sun

flower. 
Arnica cordifolia. 
Muhlenbergia trifida, no eatem 

grass. 
Delphinium barbeyi, larkspur. 
Symphoricarpos oreophilus, 

trip brush. 
Mertensia sampsonii, water 
· bluebell. 

Amarella scopulorum, blue 
flower. 

Amarella plebeja. 
Chamaenerion angustifolium, 

fireweed. 
Geum oregonense, crane's-bill. 
Asclepiodora decumbens, poi-

son willow. 
Festuca calligera. 
Festuca viridula. · 
Bromus polyanthus. 
Agrostis hiemalis. 
Poa (scabrella ?) . 
Aconitum columbianum. 
Lupin us (sp.). 

Conioselinum scopulorum. 
Cirsium (near C. drummondii 

and C. eatonii). 
Antennaria rosea. 
Geranium richardsonii. 
Castilleja linariaefolia. 
Achillea lanulosa . 

Erigeron macranthus. 
Potentilla filipes. 
Chaenactis douglasii. 
Zygadenus elegans. 
Anemone globosa. 
W a.hlbergella drummondii. 
Arabis drummondii. 

With regard to the utilization of the Ian~ the vege.:. 
tation of Garfield, Kane, and San Juan Counties, 
Utah, has been studied by Depue Falck,34 of the 
United States Geological Surv.ey. He recognizes. five 

· zones, which he describes as follows: 

1. The transition desert brush type occupies the lower alti
tudes of the region and is a mixture of various small brush 
species which differ in dominance and density according to 
local conditions. The more common of these plants are species 
of saltbush, such as shadscale (A.triplem confe1"tifol'ia), com
mon saltbush (A.tri;plem canescens), two small suffrutescent . 
species (A. triplex mtttallil :mel A.triplem oo·rrugata), as well 
as little rabbit brush, black brt1sh ( Ooleogyne rO!Inosi.ssima), 
Mormon or Brigham tea (Ephedra), greasewood (Sarcobatu.s 
VCIWI:icula·tttS), yucca, and pricklypear. Grama, galleta, and 
Indian rice are the principal grasses. 

2. The shadscale type occupies only a few of the lower 
valleys, where shadscale (A.triplem confertifoUa) is the domi
nant shrub and is usually associated with little rabbit brush, 
saltbush, and either grama or galleta grass. 

3. The juniper-pinon type is found throughout the area under 
discussion between altitudes of 5,000 and 7,000 feet. Within 
this type as mapped are many small open patches where pure 
or mixed stands of small brush dominate. At the higher alti
tudes these stands consist almost entirely · of sagebrush ; in 
the lower areas there is in many places only a scrubby growth 
of juniper with a short brush and grass association composed 
principally of shadscale, saltbush (A trip lea: canescens), gal
leta grass, Indian rice ( Oryzopsis hymenoides), and grama 
grass (Bouteloua gracilis). In addition mountain mabogan~·, 
oak brush, crab apple ( Orataegus), and cliff rose are abundant 
brush species included with this type. 

4. The oak type occurs in only a few relatively small 
areas at the higher altitudes, generally adjoining the timbered 

·forest areas. .This type as mapped west of Monticello repre
sents an almost. pure stand of oak brush ( QttorettS 1l-ta.l1r 
ensis) supplemented by a few scattering yellow pine and in 
places small sage patches. OI;J. the slopes of the Henry 
Mountains the type includes a number of other species and is 

. in reality a high brush type, with oak the dominant species. · 
The ridge of this range is extremely rocky and barren, 
supporting only a sparse growth of purple loco weed, whereas 
the upper portion of the north slopes contains patches of 
spruce, fir, and aspen, and yellow pine grows lower down 
and in the canyons. Some of this timber would have com
mercial value if it were accessible. Sagebrush, buck brush 
( SymphoricarzJos), and cliff rose ( Oowania st011tsbwriana) are 
associated ,vith the oak brush on thes.e mountains. At Alton 
a scattered yellow. pine is associated with the oak brush. 

5. The sage type designates areas where sage (A.rternisi.a. 
tridentata) presents a dominant appearance to the eye and 
makes up practically 75 per cent of the ground cover. Bunch 
gr[lSS (Agropyron spicatum) is the principal secondary species 
at the higher altitudes but is replaced by galleta grass (Hua.ri(J. 
jan~psU) on the lower mesas. Scattering plants of big rabbit 

1!4.Personal communication trnnsmitted in a Jettet· from Jobn D. 
Northrop, Jan. 10, iV26. 
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hrn::;h nnd little rnbbit brush ( Chru..,ot11Atmn·u,s stenophyllu,s) 
llltd n periodienl growth of several annual grass and weed 
~PC:'cies occur tbt·oughout this type. In general, this type 
il-5 110t found below an altituue of 5,000 feet. 

ANIMALS 

Arnong the indigenous animals of the Kaiparowits 
n·gion field mice, cliff mice, chipmun]{s, ground 
~quirrels, cottontails, and coyotes were frequently seen, 
n.ncl the nocturnal desert rat ("trade ra.t ") is much 
in evidence. Porcupines, badgers, ft-nd woodchucks 
live in forested areas. Snakes and lizards appear on 
the lower dryer· lands, but reptiles are here much less 
common than in regions south of Glen Canyon. Prai- · 

. rie dogs likewise are not abundant. Bears and wild 
cats were sepn on several occasions, also tracks of the 
mountain lion. Colonies of Sonoran beavers are at 
work on Boulder Creek and Sand Creek, and .the 
lUlme Paunsaugunt (place of beavers) for the south
ernmost of the High Plateaus suggests much wider 
distribution. It is reported that otter, deer, and moun
tain sheep were plentiful during pioneering days and 
thn.t wild horses were occ.asionally seen. The Piutes 
tell of once abundant antelopes. East of the Kaibab 
J>lnteau deer are now rare, and the only. mountain 
sheep noted during the course of field work was a 
flock of six near the southeast base of the J(aiparo
wits Plateau. I-Iere, as in other parts of the South
west, centipedes and scorpions are found but thou(Th 

' . b 

they are occasionally unwelcome visitors about camp, 
they are not abundant. Crickets and spiders are 
plentiful, but mosquitoes give little trouble. Deer 
flies are a troublesome pest in some of the upland 
marshy valleys. Grasshoppers are found in sufficient 
abnnda.nce to serve the Pintes as an article of food. In 
1871 they destroyed the crops at l{anab. An inter
esti.ng variety of aquatic insects live in spring-fed 
bnsms, smalL streams, and rainwater" tanks." Among 
those studied by Moore and Hungerford,. the most com
mon are back swimmers (Noto'necta), water boatmen 
(Arctoc01·iwa), striders ( Gerri,s, Trepobates, Micro-
'N•l.ia), and dytiscid beetles (Rhantus, Ther?7wn.~ctes) ,35 

INHABIT ANTS 

INDIAN TRIBES 

The l{aiparowits region has always been sparsely 
St'ttled. To the cliff dwellers and the Pueblo tribes it 
vvns an unfriendly, isolated country. The few small 
?liff houses in Glen Canyon, in the Paria Valley, and 
f)long the r.im of the J{aiparowits Plateau are in strik
ing contrast with the numerous well-desiQ'Iled struc-

• b 

tu1:es fQund 1n surrounding regions. They are poorly 
bmlt and suggest temporary dwellings, pioneer out
posts, or refuges for scattered bands driven out from 

:m Moore, R. C., nnd Hunget·ford,' H.'~., Water insects from a portion 
of the southern Utah desert : Knnsns U1liv. Sci. Bull. vol. 14 pp 
409-422, 1922. ' ' . 

better places. They seem to be wayside camps, not 
permanent settlements. 

The Hopis say that their a.ncestors came to Tusayan· 
from regions north and west. They also speak of an 
edict of the "old people," forbidding travel or dwell
ing beyond the "great water chasm." Although in 
Hopi tradition this prohibition is given a religious 
significance, it seems not unlikely that reports of 
pioneer scouts formed its basis. 

From a center, probably at Chinle, the Navajos ex-. 
tended their settlements west, east, and south but 
crossed the Colorado only· for hunting and barter. 
Likewise the Piutes, who appear to have been forced 
by hostile tribes to occupy undesirable lands, chose the 
San Juan a.nd Virgin Valleys and the plateau lands 
farther west and east in preference to the Pari a· and. 
Escalante .Valleys and the l{aiparowits Plateau. Ar
rowhea.ds found here and there show that the reo-ion 
belo:w the rim of t}:le High Plateaus was a hunting
ground, but the springs and canyon bottoms show no· 
sjgns of long-time occupancy. Thompson in 1872 met 
one band of Piutes at the northeast base of the 
Aquarius Plateau, and the pioneer Mormon band found 
four or five Piute families living in the Potato 
Valley. Several times the Navajos entered the Paria 
Valley by the Crossing of the Fathers and raided the 
pio~eer outposts, and they still visit the Kaiparowit~ 
regiOn to sell blanket~ and buy buckskin. The Piutes 
l!~_ewise come occasionally to sell baskets and to gather 
pinon nuts and medicinal herbs. The 1920 census lists· 
four Indians in Garfield County and none in J{ane 
C

0

ounty. During the course of geologic field wo:dr in. 
l. .. ?O, 1915, 1918, .1921, 1922, and 1924 the only human 
beings seen ~uts1de of settlements were a family in 
camp at Pn.na, cattlemen engaged in a round-up on 
Halls Creek, and a few sheep herders within the 
national forest and on the J{aiparowits Plateau. 

THE MORMON PIONEERS 

~he Mormon immigrants to Utah lost little time il! 
spying out land suitable for settlement. Within 10: 
years after their arrival"at Salt Lake in 1847 pioneer 
c~lonies had .been established at Lehi, Prov~, Nephi, 
Fillmore, Beaver, Parowan, and other places along the· 
foot of the Wasatch Mountains and in the San P~te 
V~ll~y. '!he Virgin Valley also ha.d been visited' by 
m1sswnanes and agricultural prospectors. In 1854 
scouts were sent out in all directions from Santa· Clara 
as a. center. Four expeditions made their way east
ward across the Uinkaret, Kanab, and Kaibab 
Platea~Is and crossed th'e Colorado, extendin(T their 
explorations into the "lands of the Navaj~s and 
Moqui" (1858--1860). As a result of these investio-a
tions, " many Saints were called from the north 

0 

to 
form settlements in southern .Utah." .. The city of St. 
George was founded in 1861, fertile spots in the Vir.;: 
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gin, Santa Clara, Ashe, and Muddy Valleys were oc
cupied, and the way was opened for extending settle
ments eastward along the base of the High Plateaus to 
the Paria River and to regions south of the Colorado. 

For this work of colonization the adherents of the 
Mormon Church were peculiarly adapted. Unlike 
the Spanish explorers, intent on conquest and conver:
sion, the scouts of the church were men interested 
primarily in agriculture and stock raising. It was 
their business to find lands, water, and grass-to select 
spots suitable for villages and farms.· The pioneer 
colonists were looking for homes, not ~or places to ex
ploit and abandon. Out of this attitude grew their 
policy of dealing with the Indians-a watchful friend
liness, which has saved southern Utah from the dis
astrous experiences of most other parts of the country. 
To the Mormons the Piutes, Navajos, and ·Hopi are 
Lamanites, one of the lost tribes of Israel, who may 
gt·adually be reclaimed,. and they are also neighbors, 
with whom friendly relations are essential. 

Regarding the Piutes of southern Utah, Brigham· 
Young wrote to Jacob Hamblin 86 on March 5, 1858 : 

The hour of their redemption draws nigh, and the time is 
not far distant when they will receive knowledge and· begin to 
rise and increase in the land and become a people whom the 
Lord will bless. 

The Indians should be encouraged in keeping and taking 
care of stock. I highly approve of your designs in doing' your 
farming through the natives ; it teaches them to obtain a sub
sistence by their own industry and leaves you more liberty to 
visit others and extend your missionary labors among them. A 
few missionaries to show and instruct them how to raise stock 
and grains, and then not eat it up for them, is most judicious. 
You should always be careful to impress upon them that they 
should not infringe upon their rights in any particular, thus 
cultivating honor and good principles in their midst by ex
ample as well as precept. 

In a public address .in October, ·1852, Brigham 
Young said: 

Any man who cheats an Indian should be dealt with ·more 
severely than for cheating a white man. You brethren must 
lay aside your angry feelings toward them and ceas~ wish.ing 
to kill them. 

From the day of its founding St. <;ieorge became 
the commercial, administrative, and ecclesiastic cap
ital of southern Utah. With frienq.s and ·supplies 
assured, outlying settle1nents could be established with 
some confidmice. Pipe Springs was coloniz,ed in 18~3; 
Moccasin Springs, Kanab, and Mount Carmel i~ 1864, 
and Paria in 1865. I\::ane County, with 16 settlements, 
was organized in 1865. This hopeful progress came 
to an end with the beginning of the ~ avajo raids in 
1866, and for the next five years the population of the 
whole county probably averaged less than 25 whites. 
For the two years precedi.ng the first attacks the 
Indians had been restless. The_ coming of a few 

3a Little, J. A., Jacob Hamblin. a narrative of his personal experi
cuce, 2d ed., Sal~ ~ake City, Deseret News, 190~ .. 

peaceful whites to live among i.hem was not disagree
able, but the uninvited occupation of lands by an in
creasing number of families, with flocks and herds, 
was alarming. In the minds· of the Indian all land 
and f01·ago and hunting in southern Utah belonged 
to the Piutes or to the Navajos, and all food supplies 
were the 'common property of the clans. To him pos
session of land did not in1ply continuous occupancy. 
It was not only his privilege to ask for food; it was 
his right to demand it. Even before the coming of 
the Mormon pioneers and the possession of firearms 
and horses, the profitable trade in furs and skins had 
made it less necessary to depend for support on the 
cultivation of small tracts of land, supplemented by 
hunting, and the possession of horses and firearms 
made the Indian still more a nomad. A particular 
grievance of the Piutes was the destruction by sheep 
and cattle of the " ak " and other grasses, the seeds 
of which were a valuable source of food. As Jacob 
H.amblin 37 expresses it: 

The great numbers of animals brought into the country by 
the settlers soon devoured most of the vegetation that had 
produced nutritious seeds, on which· the Indians had been 
accustomed to sub.::ist. When, at the proper season of the 
year, the natives resorted to these places to gather seeds, they 
found they had been destroyed by cattle. ·with, perhaps, their 
·children crying for food, only the poor consolation was left 
them of gathering around their camp fires and talking over 
their grievances. 

Those who have caused these troubles have not realized the 
situation. I have many times been sorely grieved to sea the 
Indians with their little ones glaring upon a table spread with 
fQod and trying to get our people to un(Jerstand their circum
stances, without being able to do so. Lank hunger and other 
'influences have caused them to commit many depredations. 

Piute and Navajo alike resented the ·facts that deer 
and elk and mountain sheep were driven from their 
accustomed feeding grounds and that the domestic 
livestock which took their place were treated a~ pri
vate property. 

The troubles began by a Navajo raid on Paria, the 
most distant outpost,. and · the theft of cattle from 
l(anab;. and this raid was followed by Piute attacks 
on emigrant trains that were going from Salt Lake to 
California and by the murder of settlers at Short 
Creek, Pipe Springs, Upper Valley, and Averett 
Creek. · In 1869 three nieinbers of Powell's exploring 
party were killed while asleep. That these murders of 
Indians by whites and whites by Indians did not de
velop into a disastrous war with its consequent devasta
tion of a:.U white settlements in southern Utah is largely·. 
owing to the faith, skill, and daring of Jacob Hamblin, 
'Yho discouraged repdsals and took upon him~elf the 
task of visiting hostile bands with a view to establish-. 
ing peaceful relations. Late in 1865 he attempted to 
visit the Navajo chiefs, going by the Lees Ferry-l':lba 

37 Idem, pp. 94-95. 
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route, but upon reaching o'raibi he learned that the 
Navajos were in a revengeful mood and that" it would 
be useless and perhaps dangerous to go into their 
country." Returning to St. G.eorge, he began a series 
of visits to the cl::ms north of the Colorado River~ with 
the hope that the Piutes would throw in their lot 
with the l\1ormon pioneers. The prospects were not 
bright, for the white man's way of doing things did 
not appeal to the redskins. Hamblin was told in 1856: 

'Ve cnn not be good; we must be Pintes .. We want- you to 
he kind to us. It mny be thnt some of our children will be 
good, but we wnnt to follow our old customS.88 

But tact, combined with the previous fair treatment 
fl.nd the hereditary feud between Piutes and Navajos, 
finally led to an alliance, and during the years 1867 to 
1871 Piutes and Mormons sympathetically combined 
in watching· passes and water holes on the Arizona
Utah trails and in warding off attacks of marauding 
Navajo bands. 

The misunderstanding between the Piutes and 
whites came to an end with that remarkable conference 
o:f September 19, 1870, on the bleak summit of Shiv
wits Plateau, when in replying to Hamblin and Major 
Powell the chief of the Shivwits said: so 

Your talk is good, and we believe what you sny. 'Ve believe 
in Jncob and look upon you as a father. 'Vhen you are hungry, 
~·ou may have our gmne. You may gather our sweet fruits. 
'Ve will give you food when you come to our land. ·we will 
show you the springs, and you may drink; the water is good. 
We will be friends, and when· ~-ou come we will be glad. We 
will tell the Indians who live on the other side of the great 
river that we have seen Ka-pu-rats (one arm off, referring to 
Major Powell), and he is the Indians' friend. 'Ve will tell 
them· he is Jarob's friend. We are very poor. Look at our 
women and children; they are nakec~. We have no horses; 
we climb the rocks, and our feet are sore. We live amollg 
rocks, and they yield little food nnd many thorns. When the 
cold moons come our children are hungry. 'Ve have not much 
to give; you must not think ns menn. You are wise; we 
have heard you tell strange things. We are ignorant. La~:~t 

~·enr we killed three white men. Bad men said they were 
our enemies. They told great lies. "~e thought them true. 
We were mnd; it made us big fools. 'Ve nre very sorry. Do· 
not think of. them: it is done; let us Le friends. We are 
i!-,'llorant-like little children in understanding compared with 
you. When we do wrong do not get mad a~d be like 
children, too. 

When white men kill onr people we ldll them. Then they 
kill mot·e of us. It is not good. We bear that the white men 
nre a great number. When they stop killing us, there will be 
no Indian left to bury the dead. We love our country; we 
know not other lrmds. We hem· that other lands are better; 
we do not know. The pines sing, and we are glad. Our chil
dren play in the warm sand; we hear them sing and are glad. 
The seeds ripen and we have to eat, and we are glad. We do 
not wunt their good lands; we want our rocks and the great 
mountains where our fathers lived. ·we are very poor; we are 
very ignorant, but we are very l!onest. Yon have horses and 

liB Little, J. A., op. cit., p. 47. 
m Quoted in Powell, J. W., E:xplorntion of the Colorntlo Ri¥er of the 

W('St, pp. 129-130, 1875. 

mnny things. You nre very wise; you have a good heart. ·we 
will be friends. Nothing more haYe I to say .. 

In 1871 peace was concluded with the Navajos, and 
the long succession of thefts, parleys, murders, and 
punishments came to an end. In the fall of that year 
Hamblin and Powell proceeded to Fort Defiance, using 
the newly found crossing at Lees Ferry, and in a 
council attended by some 6,000 Navajos considered for 
three days the hoped-for peaceful relations to be es
tablishecl among the Navajos, Piutes, and whites. The 
council was continued at Oraibi, where an agreement 
was reached that in the settlement of future misunder
standings Hastele should represent the Navajos and 
Hamblin the ~1ormons of southern Utah. The peace 
talk closed with the words of the Navajo spokesman: 
,; ''T e hope we may be able to eat at one table, wann 
by one fire, smoke one pipe, and sleep under one 
blanket." This unwritten arbitration treaty was faith
fully kept; even the treacherous killing of three 
Navajos in 1875 by a resident of Grass Valley, which 
roused the revengeful feelings of the whole Navajo 
tribe, did not result in further bloodshed. 

Confidence in the word of the Navajos led the 
pioneers to reoccupy their abandoned fields and vil
lages and to search for new locations in the region 
east of the High Plateaus: The ruined homes at 
Paria (winter, 1871) and at Lees Ferry (1873) were 
restored. Cannonville (1875), Henrieville (1878), 
and Escalante (1875) were colonized, and permanent 
settlers came to the Fremont Valley ( 1883). · 

But the reclamation of lands and the building of 
homes in the J{aiparowits region presented difficul
ties not experienced by the settle1nents farther west. 
The climate is unfavorable, and the approach to cities 
that serve as sources of supply is long and difficult. 
In corresponding latitudes the oases at the west base 
of the 'Vasatch are warmer, receive 30 per cent 1nore 
rainfall, and are traversed by strea1ns of greater and 
more regular flow. Escalante is 80 miles ·from the 
railroad; Cannonville 90 miles; and Paria, by way of 
J(anab, more than 150 n1iles. Escalante, Henrieville, 
and Pari a are at the very ends of little-traveled roads; 
very few people pass through then1 except to visit the 
score of families on upper Boulder Creek. 

From the borders of these settlements unoccupied 
land extends for 120 miles; eastern Kane and Garfield 
Counties and two-thirds of San Juan County consti
tute an area of about 10,600 square miles within 
which there are no permanent habitations. The ranch 
lmildings at Rite, at Halls Creek, and in the Henry 
l\1ountain~ are intermittently occupied, and prospec
tors con1e and go from their cabins in upper Glen 
Canyon, but neither white men nor Indians have 
chosen this region for more than temporary use: 
Furtherm01:e, the settlements themselves are separated 
f~om one another by natural ba.rriers. 
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To reach Tropic, Cannonville, and Henrievjlle, three 
settlements whose borders nearly overlap, a traveler 
by wagon or automobile from Escalante must climb 
the High Plateaus, circle Table Cliff, and descend the 
steep slopes into the Paria Valley. From Pari a to 
Cannonville the road is the rough bed of a sttean1. It 
was found during· the course of field work that the 
people dwelling in the Paria Valley know little of the 
Escalante Valley and of the W aterpocket Fold and 
that the Glen Canyon region is unfamiliar ground to 
residents of Escalante. 

Within the Kaiparowits region there ate six settle
ments-Lees Ferry, Cannonville, Henrieville, Tropic 
(the last three included within a radius of 6 miles), 
Escalante, and Boulder. Lees Ferry is the home of 
one family; Boulder includes about 20 families, who 
live on scattered ranches; the other four settlements 
are small villages. All of them are oases-isolated 
areas of watered, tillable land bordered by barren lands 
of wide extent.40 

LEES FERRY 

Lees Ferry, Ariz., was chosen as a refuge by John D. 
Lee in his attempt to escape the. consequences of par
ticipation in the Mountain Meadows massacre (1857). · 
A tract of a few hundred acres near the mouth of the 
Pari a is favorably situated for irrigation, and alfalfa, 
corn, and fruit. trees have been intermittently planted 
since about 1870.. In a boat built of lumber brought 
from the Kaibab Plateau Hamblin and Powell crossed 
the Colorado at this point, demonstrating its value as 
a ferry site. In 1873 a ferry boat was constructed by 
men from Paria, and in 1874 it was protected by a 
stone fortification. Since that date Lees Ferry. has 
been an essential station on the route from Utah to 
A'rizona .• It is con,renient headquarters for Govern
ment surveying an<:l exploring parties. During the 
"gold boom" of 1910-1913 Lees Ferry was the head
quarters. for parties of men who were working at 
Warn1 Creek and along the Paria. For some years 
·past it has consisted of a dwelling house, a few acres 
. of cultivated land, and a ferry boat kept in operation 
by Coconino County, Ariz. With the completion in 
1929 of the bridge across the Colorado at the head of 
Marble Gorge, Lees Ferry is 5 miles distant from the 
Flagstaff-Kanab highway. Its historic ferry boat and 
picturesque approaches are no longer of use. 

PARIA 

. Paria (pah, water;.reah, deer), on the Pari~ River, 
50 ·miles above its mouth, is the oldest settlement in 

. southeast Utah. Situated on the established trail lead-

'° For descriptions of the oasis-like settlements in the Plateau prov
ince see Gregory, H. E., Keller, A. G., and Bishop, A. L., Physical and 
commercial geography, p. 47, 1910; Gregory, H. E., The oasis of 
'l'uba: Assoc. Am. Geographers Annals, vol. 5, pp. 107-119, 1915; 
Jeffet·son, M. W., Ut.ah, The oasis at the foot of the Wasatch: Geog. 
Review, vol. 1, pp. 346-358, 1916. 

ing to the Ute ford (Crossing of the Fathers) and at 
the only feasible crossing of lower Paria Canyon, the 
region about Paria was a temporary stopping place 
for the Piutes and Navajos and perhaps for the cliff 
dwellers before them. Hamblin several times visited 
this place during his explorations, and Powell ( 1871), 
:Marshall ( 1872) , and A. H. Thorn pson ( 187 5) camped 
here. It is possible that Escalante ( 1777) also passed 
this spot. 

As a site for a small agricuh ural community the 
vicinity of Paria appeared attractive to the pioneers; 
·Paria Canyon is here crossed by a hogback (East 
Kaibab monocline), abov~ which the valley floor 
broadens and below which for a distance of about 
S miles the canyon walls stand back from the stream, 
leaving alluvial flats iri a favorable position for irriga
tion. Grazing lands extend on both 'sides of the 
stream. From records kept by the historian of the 
Mormon Church it appears that. in 1865 Peter Schurtz 
settled at Rock House, 2 miles below the hogback, 
only to be driven away the following ye~r by Navajos, 
who utilized his place as a center for raids on settle
ments farther west. In 1871 Rock House was relo
cated by six families, and houses, corrals, a fort, and 
1 lf2 miles of ditch were constructed. The next ye~r 
there were 11 families, and the place produced " plenty 
of corn, sorghum, and garden truck." In 1873 Adair
ville, farther downstream, was established, and it soon 
became a prosperous cmnmunity of cattlemen and 
farmers. But Rock House and Adairville were des-
6ned to short lives. In 1874 "trouble with the 
ditches " caused the 15 families at Rock House to relo
cate above the hogback, at the present site of Paria, 
and in 1878 the eight families· at Adairville joined in 
the exodus, for "the water in dry years did not reach 
their farms." In 1877 there were people enough to 
form a ward of the l(anab " stake~" For several years 
the new village of Pari a prospered, i he field and gar
den crops returned good yields, and the cattle in
creased in numbel' and quality. · By 1884 the popula
tion included 107 resident n1embers of the Mormon 
Church, in· addition to nonresident ·cattlem~n and 
about 20 P.iute men and women who worked inter
mittently on the basis of half rations. But pros-

. perity came to a sudden end in 1885. 
Floods in 1883 were followed by the unusually 

severe winter of 1883-84 and by more floods in the 
summer of 1884, which washed away farmhouses and 
fields and converted the narrow stream channel irito 
a. wash that extended in places from rock wall to rock 
wall. (See pl. 27.) Except for a few acres pro
tected downstrean1 by rock buttresses all the arable 
lands disappeared. ··In the spring of 1884 Paria had 
its maximum population. In September of that year 
48 people remained, and in 1885 the Paria ward was 
disorganized. For the last 40 years the removal of 
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soi.l and alluvial bunks has continued, until the amount' 
of usable lu.nd probably does not exceed 60 acres. 
This area sup pods in part the two or three families 
who live n.t Paria during the plantil1g and harvesti~1g 
seasons. T'he ambitious plans of the nonresident 
... \.ziutah Land & Cattle Co. for the construction of a 
clam and 10 miles of ditch for carrying water frOin 
the Paria to the 50,000 acres of lund on its banks r·e
mn.in in a speculative stage. Likewise. the exploita
tion by the American Placer Corporation of the as
sumed gold resources of the region, which in 1910 
resulted in recording 108 mining claims, affords no 
promise of a repopulated district. (Seep. 148.) 

CANNONViLLE, HENRIEVILLE, AND TROPIC 

\Vith Cannonville as a center, fiye settlements have 
been established in the upper Paria Valley-all of 
them within a radius ot about 6 miles. Three of 
these-Cannonville, IIenriev~lle, and Tropic-have 
grown into villages; the other two-Clifton, 2 miles 
c..·ast of Tropic, and Georgetown, 3 1niles southwest of 
Cnnnonville, on Yell ow Creek-were abandoned be
cause of the scarcity of water and the destruction of 
the fields by floods. The site of these villages has 
advantages not found elsewhere in the Paria Valley. 
It is well watered and has good soil; firewood, coal, 
and lumber are near at hand; extensive tracts for 
grazing surround it; and the climate is suitable for 
field crops and during most years for fruits. That 
the settlmnent of this region was delayed 10 years 
after the establishment of l(ahab and Paria is due 
largely to its isolation. To reach it from the west in
,·ol ved building expensi,ve roads down the cliffs of 
the I-Iigh Plateaus, and from the south the only feasi
ble approach is along the bed of the Paria River. The 
first settlers came to Cn.nnonville in 1875, to Clifton 
in 1876, to I-Ienrieville in 1878, to Georgetown in 1886, 
and to Tropic ·in 1891. \Vith some fluctuations, the 
combined population of the three existing villages has 
shown a small, consistent increase. All the settlements 
in the upper Paria Valley have experienced great 
difliculty in controlling the intakes of irrigation 
ditches a.nd in maintaining the canals across the allu
vial flats. Beginning about 1890, the Pari~ River and 
many tributary stremns have cut deeply into their 
floors, replacing fertile fields with a network of can
yons walled with sand and gravel. At Henrieville 
and Cannonville about a third of the arable acreage 
of 1880 has been destroyed, and each year sees .more 
fertile soil carried away as stream-lorne silt. At 
Georgetown land sufficient for the support of one 
family remains. · Tropic has, forestalled future diffi
culties by developing an irrigation supply high on the 
Paunsaugunt Plateau, where a dam on the Sevier 
Uivet· nnd a ditch 4 miles long directs water over the 
plateau rim to lands along the Paria. Since this ditch 

was completed in 1894 the village has more than 
doubled its population. 

ESCALANTE 

In 1871 the Escalante Valley was visited by Ham
blin. In 1872 Delle~baugh and Thompson, of Powell's 
exploring expedition," saw Mormons from Panguitch 
who talked of making a settlement here and ad vised 
them to caU the place Escalante." (See p. 8.) The 
first settlers came in 1875, and a town site was selected 
in 1876 in the Potato Valley, near the junction of Pine 
Creek and the Escalante River-the present village. of 
Escalante. The reports of arable land, of abundant 
water for ir;rigation and power, and of favorable graz
ing lands that extended far in all directions induced 
many families to leave the less congenial plateau tops 
tu the \vest, even though for the first two years some 
of them were forced to find shelter under overhanging 
rocks, in caves dug in banks, and in makeshift 
wickiups, tents, and shacks. Five years after its es
tablishment the Escalante ward enrolled 441 names, 
and its consistent growth has nl.ade the village the 
largest compact settlement in southeastern Utah. As 
a typical record of pioneering in the l(aiparowits re
gion the following account of the settlement of Esca
lante is given by permission of the historian of· the 
Church of Latter-day Saints: 

In February, 1875, William J. Flake, Isaac Riddle, Isaac J. 
Riddle, Charles D. White, Isaac Turley, and William Hutch
ings, all of Beaver, Utah, crossed the Escalante Mountains 
from Sweetwater and explored the region of country lying 
along the Escalat;J.te Creek and its tributaries with a view to 
finding a place suitable for the location of a settlement. These 
brethren, being favorably impressed with the country, meas
ured some of the land where Escalante now stands and esti
mated that there were 1,000 acres of arable land or more 
which could be used for agricultural pm·poses. They also 
found a great plaster of Paris bed on the hills on the south
west. These brethren gave a good report of the country, 
which led to the settlement of Escalante being founded the 
same year. 

A number of brethren from Panguitch, who desired to 
change their place of residence to a country where the cli
mnte· was more mode1·ate than on the upper Sevier, decided to 
settle in Potato Valley or on the Escalante Creek, having been 
impressed by the report of the explorers already mentioned. 
Consequently Andrew Peter S:.:how (w·ho was appointed by 
Bishop George W. Sevy, of Panguitch, to take charge of the 
proposed colony), 'l;'homas Heaps, David Stevenson, Don Carlos 
Shirts, 'William Alvey (all of Pa11guitch), and Isaac Turn
bow, of Panacea·, Nev., crossed the rim of the basin at what 
is called the Saddle of the E:'3cnlante Mountains June 28, 
1875, ·with two wagons. These were the first wagons ever 
brought into Potato Valley. The brethren succeeded in de
scending the mountain on the east side after roughlocking 
the· wheels and a man riding with each hind wheel. Thus 
they made the dangerous descent and arrived on the present 
site of Escalante June 29, 1875. The six men mentioned had 
no families with them. They held a council at the mouth 
of the canyon and decided to locate a town site on the north 
sicle of the creek, opposite the place where the town of 
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Escalante now stands. They made. a temporary sur,vey and 
prepared to build a house, each man claiming a quarter sec
tion, in order to. secure the land for other settlers, with a view 
to building up a town. On this visit these pioneer brethren, 
while living in their wagons, spent considerable time working 
on the road over the mountain, most of them returning home 
for Christmas. The settlers· mentioned represented other men, 
who also came over during the seasQn and assisted in the 
work on the road. The understanding was that each man 
~hould have 20 acres of farming land, 2% acres of lucern 
land, and a city lot. In case a man had two wives or more 
than one family he was to have two or more city lots. Only 
for a short time during the winter of 1875-76 was the infant 
settlement entirely vacated. 

In February, 1876, some of the brethren who had visited 
Escalante and worked on the road the previolis year returned 
to their chosen location and com1_11enced work ·on an irriga
tion ditch on the north side of the Escalante Creek, in 
order to bring water onto the town site, but in April, 1876, 
the brethren agreed to move the town site and build their 
houses on the south side of the stream for farming purposes. 
Josiah Barker was the first man who brought in his family; 
he nrrived in March, 1876, and bad a terrible experience in 
crossing the East Fork Valley in the snow. About a dozen 
other families arrived later in the spring. William Alvey, 
the first to locate his family on the present town site, found 
shelter in a cellar which he built. In that same cellar all 
the first women of the settlement found temporary shelter 
against storms, which were not, infrequent in the beginning. 

··The shelter there. was found to be better than in the shanties 
which the brethren hastily had constructed of willows. In 
that same cellar, 10 by 12 feet, the first choir practices in the 
settlement were held, while meetings were .commenced in a 
bower built of brush and willows in June, 1876. On the 23d 
of july, 1876, a lumber shanty was hastily built in which a 
public dinner was served on pioneer day, July 24. All the 
people participated in this feast, including a number of Piute 
Indians, altogether 140 souls, not counting canines. Previous 
to this, on the centennial day of the United States, July 4, 
1876, the people showed their loyalty as best they could. · In 
the absence of a better flng they hoisted a striped Navajo 
blanket to the breeze. They, however, sent for a genuine 

flag, which was raised on the 24th. At this time there was 
only a very little water in the Escalante Creek-scarcely 
sufficient for the people to irrigate their garden spots, to say 
nothing of their farms-but in a most marvelous way the 
water commenced to increase, though there was considerable 
scarcity of water until 1882. 

The unsatisfactory feature of Escalante's situa6on 
is its inaccessibility. The village stands at the base of 
slopes and cliffs that necessitate a climb of 2,700 feet 
to reach the" saddle" between the Aquarius and Table 
Cliff Plateaus, and the sharp descent beyond· is only 
the beginning of a road that stretches 52 miles to the 
railroad at Marysvale. Before the present expensive, 
skillfully planned road was constructed to Widtsoe~ 
mail and wagons traveled the rough, ~oundabout 
route through Henrieville, Tropic, and Panguitch, 
which made the distance to the railroad about 12.5 
miles. When snow lay deep on the mountains even 
this route was barred. In the winter of 1886 an outfit 
was forced to .go by way of the vVaterpocket Fold, 
Hall Creek, Fremont Valley, and Salina-a distance 
of more than 200 miles. Before the railroad was con
structed to Marysvale (1900) salable produce, chiefly 
butter and cheese, was carted to Salt Lake City, 250 
miles. 

POPULATION 

The distribution and growth of the population of 
the Kaiparowits region is shown in the follo·wing 
table. The figures for 1900, 1910, and 1920 are those 
given by t.he Bureau pf the Census; the other figures 
represent the me1nbership of tl;te Church of Jesus 
Christ of Latter-day Saints, which is estimated by the 
church historian to comprise 92 per cent o£ the 
population. 

Population of the Kaiparowits region, 1882-1930 

Settlpment 1882 1883 1884. 1890 1894 1895 1896 1900 1910 1920 1923 1924 1925 1926 192i 1930 

--------1--- ---------·---------------------------------
a130 Paria ____________ 85 sa{ 

b 48 } 10?' (?) 7 ------
Escalante_· ________ 441 417 435 692 948 896 952 
Cannonville _______ 137 86 128 242 130 120 171 
Henrieville _______ ----- ----- ----- 145 136 142 99 
Georgetown _______ ----- ----- ----- 22 85 61 12 
Tropic ___________ ----- ----- ----- ------ 194 222 281 Boulder __________ 

4 April. 

The census records for 1930 give the population of 
Garfield County, which includes not only the settle
ments of Escalante, Boulder, Cannonville, Tropic, and 
Henrieville east of the High Plateaus but also the vil
lages of Panguitch (1,661, or about one-third o£ the 
population of the county), Widtsoe, Hatch, Spry, 
Antimony, and the farms and ranches of the Sevier 
Valley, as 4,642.. For Kane County, which includes 

31? 7? 8? 6 5? ------ ------ ------ -- -·-
723 846 1, 032 1,006 1,040 1, 033 1, 046 1, 064 1, 01 6 
211 219 311 283 277 216 216 207 22 7 
181 158 170 158 153 147 157 159 20 7 

4 ------ ------ ------ ------ ------ ------ ------ -----
379 404 474 542 461 480 458 424 44 7 
104 91 177 175 150 130 144 144 19 2 

.b September. 

Georgetown and Paria, also Kanab ( 1,195, more than · 
one-half the p~pulation of the county), Alton, Glen
dale, Johnson, Mount Carmel, and Orderville, the 
total is 2,235. 

During the period 1900-1920 the total increase in 
the population of Kane County was 243, and for tha.t 
part of the county east o£ Kanab the population de
creased to a point where only 12 persons remained. 
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During the same period the pop4lation of Garfield 
County increased by 1,368, of whom 802 were added 
to the settlements on the High· Plateaus and 566 to 
those in the l(aiparowits region. The population ·of 
l(ane County, 2,054 (0.5 to the square mile), and of 
Garfield County, 4,768 (0.9 to the square mile), f€ems 
very small for regions settled 50 years ago, but it ade
quately represents the "carrying capacity" of south
eastern Utah. The number of new settlers coming in 
is offset by the numbet:· moving out. The small annual 
increase shown-about 68 for Garfield County, 12 for 
l(ane County, and 27 for the l(aiparowits regicn-is 
largely the excess of births over deaths. The families 
pf rural Utah are large. In 1920 the population of Gar
field County included 2,198 children (about47 per cent) 
under 14 yenrs of age and 1:216 children· (25 per cent) 
under 7 years. Escalante claims the largest proportion 
of children under 5 years of age of all American com
numities. 'I'he population is remarkably homogeneous. 
It is almost wholly Nordic-the absence of dark eyes 
and hnir is very conspicuous. Of the combined popu
lations of Garfield and l(ane Counties .native-born' 
'vhites constitute 97.1 per cent and foreign-born 
whites 2.8 per ceilt, of whoBl 99.6 per cent are from 
northern Europe. Colored· races, including·· Indians, 
are represented by four Chinese and one Negro. 

In the decade from 1920 to 1930 the population of 
Garfield County decreased from 4,768 to 4,642, and 
that of l(ane County increased from 2,054 to 2,235. 

AGRICULTURE 

Powell recognized the fact that the l(aiparowits 
region had " but little value for agriculture," and 
Thompson's traverse across the Paria and Escalante 
Valleys led him to the. conviction that 

in this portion of Utah irl'igation is essential to agriculture. 
If all the slngle acres tt is possible to cultivate without artifi
cial irrigation were aggregated, I do not believe the sum would 
readt one-fourth of 1' square mile. 

The experience of the settlers is quite in accord with 
these conclusions. 

1Vithout artificial irrigation the food crops of the 
J(aiparowits region would be those of the cliff dweller 
and Piute-pifion nuts, cactus fruits; the seeds of the 
"ak" "waiva" '(wild millet) sunflower · O'oldenrod 

' . ' 'b ' 
some squash, and rarely corn, and when Pongonits, the 
wind god, dried up the springs and withered .the 
grnsses, reliance would be placed on deer, rabbits, 
badgers, porcupines, rats, mice, and lizards. The area 
of 'land that originally possessed the essential agricul
ttu•al featur·es of suitable climate, level surface, fertile 
soil, ·and sufficient water for irrigation furnished at 
reasonable cost is estimated as 8,000 acres for the 
Escalante Valley, 5,000 acres for the upper Paria Val
ley, and 3,000 acres for the lower Puria Valley. In 
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practice it has been found unprofitable too supply water 
to as much as half the otherwise available acreage, and 
since the region has been settled much choice land near 
Cannon ville and at Paria has been destroyed by flood 
channeling. (See p. 30.) 

After 40 years' experience it has been possible to 
place under ditch about 4,000 acres of land that im
mediately adjoins the village of Escalante, about 1,000 
acres on Boulder Creek, Sand Creek, and other tribu
taries to the Escalante River, and about 3,000 acres in 
the vicinity of Tropic, Cannonville, and Henrieville. 
Of these areas, which cover about 8,100. acres, it has 
been found practicable actually to irrigate about half. 
This discrepancy is accounted for in part by the varia
tiotl in water supply from year to year and· the diffi
culty of maintaining ditches, and in part by the lack, 
of near-by market for crops that· could readily be. 
raised. The small increase ·in population has been. 
accompanied by a corresponding increase in the acre
age cultivated. 

La Rue 41 suggests the possibility of obtaining water 
at Escalan~e for 13,500 acres but at a cost not justified 
by prospective value of lands. He also thinks it 
'' probable that by utilizing storage reservoirs the 
Paria may furnish sufficient water to reclaim approxi
rriately 10,000 acres of additional land." But attempts 
to use such waters within Paria Canyon have resulted 
only in hastening the destruction of lands by periodic 
Hoods, and plans for conveying water from the Paria1 
or its tributaries to the small acreage above the canyon 
walls offer little promise. After a. survey and estimate· 
of cost, a scheme for reclai.ming 25,000 acres along the . 
lower Paria was abandoned. · 

The principal crops raised on irrigated land in this 
region are alfalfa, wheat, oats, barley, and potatoes. 
Garden vegetables are grown in abundance, and in 
favorable seasons orchards produce satisfactory yields. 

The annual wheat crop at E'scalante is about 3,000 
bushels-more than enough to supply the community 
with flour. In 1917 it was 6,000 bushels. Likewise 
Cannonville,· Tropic, and Henri~vi}le raise food 
enough to meet most of their wants and could profit
ably produce Inor~ if the. cost of hauling to market 
were not so great. 

The pioneers of the Kaiparo'Yits region rejoiced to 
find that the stream flow increased soon after perma
nent settlements were established. The church 
historian writes: 

In direct answer to prayers and supplications on the part 
of some .of the apostles _who .visited the settlement in 1882, the 
water in the Escalante has increased in a most marvelous man
ner. To say that there is at• present five times the amount of 
water that served the first settlers would hardly do justice to 
the facts. · 

41 La Rue, E. C., Colorado River and its utilization : U. S. Geol. 
SurveY: Wutet·-Supply Paper 395, pp. 118-124, 1916. 
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This phenomenon, which is widespread within the 
Colorado Plateaus, was noted by Powell: 42 

'l'he increase is abundantly proved; it is a matter of uni
versal exper:ence. The observations of the writer thereon have 
been widely extended. Having examined as far as possible 
all the facts seeming to bear on the subject, the theory of the 
increase of rainfall was rejected, and another explanation more · 
flattering to the future of agriculture accepted. 

The amount of water flowing in the streams is but a very 
small part of that which falls from the heavens. The greater 
part of the rainfall evaporates from the surfaces which im
mediately receive it. The exceedingly dry atmosphere quickly 
reabsorbs the moisture occasionally thrown down by a con
junction of favoring conditions. Any changes in the surfaces 
which receive the precipitation favorable to the rapid gather
ing of the rain into. rills and brooks and creeks, while taking 
to the streams but a small amount of that precipitated, '."ill 
greatly increase the volume of the streams themselves, because 
the water in the streams bears so small a proportion to the 
amount discharged from the clouds. The artificial changes 
wrought by 111an on the surface of the earth appear to be 
adequate to the production of the observe(! effects. The de
struction of forests, which has been immense in this country 
for the past 15 years ; the cropping of the grasses and the 
treading of the soil by cattle; the· destruction of the beaver 
dams, causing a drainage of the ponds; the clearing of drift
wood from stream channels; the draining of upland meadows, 
and many other slight modifications all conspire to increase 
the accumulation of water in the streams, an<l all this is 
added to the si1pply of water to be used in irrigation. 

Students of geology and physical geography have long been 
aware of these facts. It is well known that, under the modi
fying influences of man, the streams of any region redeemed 
from the wilderness are changed in many important charac
teristics. In flood times their volumes are excess-ively in
creased and their powers of destruction multiplied. In sea
sons of drought some streams that were perennial before man 
modified the surface of the country become entirely dry; the 
smaller navigable stream.s have their periods of navigation 
shortened, and the great rivers run so low at times that navi
gation becomes· more and more difficult during dry seasons ; 
in multiplied ways these effects are demonstrated. While in 
the main the artificial changes wrought by man on the sur
face are productive of bad results in humid regions, the 
changes are chiefly advantageous to man in arid regions where 
agricult11re is dependent upon irrigation, for here the result 
is to increase the supply of water. 

Unfortunately i;ncrease in surface flow is accom
panied by decrease in the amount of ground water and 
by sudden fluctuations in the volume of water in the 
streams. Much arable land is destroyed, and that 
which remains is more difficult to irrigate. The water 
has been obtained at a ruinous price. The experin1ents 
by Sampson and 1Veyl 43 in the Manti 'National Forest 
of central·Utah show conclusively that artificial inter
ference with natural run-off is detrimental. 

STOCK RAISING 

The Kaiparowits region is essentially a grazing dis
trict, perhaps the largest "free range" in the United 

(ll Powell, J. W., Report on the lands of the· arid region of the 
United States, 2d ed., pp. 91-02, 1879. 

48 Sampson, A. W., and Weyl, L. H., Range preservation and its 
relation to erosion control of western grazing land : U. S. Dept. Agr. 
Bull. 675. 1918. 

States. The villages and adjoining farms serve as 
headquarters for sheepmen and cattlemen, without. 
whose interests the population of Escalante, Ca11non
ville, Tropic, and Henrieville probably would be num
bered by a few tens and Boulder might not exist at all. 

During the summer about one-third of the popula
tjon is absent from the villages, caring for stock and 
raising feed on outlying ranches. The prosperity of 
these communities depends upon the amount, avail
ability, and value of pasturage, and, as in Indian 
communities, . the o'utstanding citizens are those who 
have a knowledge of water holes, trails, grass, and 
browse shrubs. 

The amount of unappropriated and unreserved land 
is enormous-in l{ane County about 2,300,000 acres 
and in Garfield County 2,500,000 acres. But these 
figures have little value as a guide to prospective set
tlers. Land is plentiful, but stock feed, though nu
tritious, is scarce. Cattle and sheep must range 
widely in search of scant grasses. The stock owned 
at Henrieville, Cannonville, and Tropic roams over 
the Paria Valley and the Wah,veap country and along 
Glen Canyon, and that owned by residents of Esca
lante and 13oulder ~1ses the broad Escalante Basin, the 
Kaiparowits Plateau; and lands east of the Water
pocket Fold. · As Powell 44 long ago pointed out, for 
all southern Utah the conditions are such that fixed 
division lines for pasttfre lands, fencing, and indi
vidual ownership of watering places is impracticable. 
Powell's estimate of 4 square miles as the minimmn 
amount necessary for a " pasturage farm " for the re
gion that includes all of Kane and Garfield Counties 
was considered· by the piopeer settlers too low, even 
for the best locations, and has proved to be entirely 
inapplicable for areas south ap.cl east of the High 
Plateau,s. For large parts. of this region it is esti-

. mated that under average clima.tic conditions 1 square 
mile is none too n1uch to allot to each beef steer. In 
1925 the number of cattle owned by residents of 
Escalante,· Boulder, Tropic, Cannonville, and Henrie
ville was approximately 12,000 and the number of 
sheep about 35,000.45 Of these animals 8,000 cattle 
and 23,000. sheep were accommodated in the Powell 
National Forest-the cattle for 5lf2 months (May 15 
to October 31) and the sheep for 3lf2 months (June is 
to September 30). 1'Tithout the forest the stock indus
try would necessarily dwindle to small proportions. 

The pioneer settlers, with small herds and flocks, be
fore the native vegetation had been disturbed, were 
surrounded by conditions usual for stock ranges. 
." Good years ." of the period ending in 1893 were fol
lowed by bad years, culminating in 1896, when" about 
50 per cent of the range stock died of drought and 
starvation." Increased rainfall combined with the 

44 Powell, J. W., op. cit., pp. 22-23. 
46 Estimates by Wallace Riddle, forest supervisor, in a communica

tion dated Jan. 27, 192G. 
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(.•xtension of the grazing area to include the J(aiparo
wits Plateau brought more favorable conditions. 
Overstocking of the range in r·esponse to the increased 
value of cattle during the '\Vorld '\Var appears to have 
been the first step toward the present unfortunate state. 

In crossing the ICaiparowits in 1915 grass for horses 
wns abundant along ''Tahweap, Warm, and Last 
Chance Creeks and the mesas and dune-covered areas 
east of the Paria. On top of the ICaiparowits also 
grass wa.s plentiful. In l918 n1any flocks of sheep 
found good pasturage on the plateau, but during three 
days' travel about '\Varm and '\Valnveap Creeks -the 
pack horses lived on oats, leav.es of cottonwood, and 
tcps of brush, and lack of feed prohibited travel along 

· the rim of Glen Canyon. In 1922 there was insuffi
cient fora.ge for' pack trains at a.ll places except sand
dune areas in the Escalante Valley. In September, 
1924, no grass or browse of a.ny kind was found in 
1m:fence.d areas of the Butler Valley and about Canaan 
l~ea.k. There is no doubt tha.t the Escalante and 
l")~uin Valleys and the ICaiparowits Plateau have de- · 

tcriorated as pasture lands during the last decade, and 
it seems unlikely that they can be ~estored to the state 
existing during the per:iod 187 5-1890., Some system 
of reservation seems most likely to bring improvement. 

It is interesting to note that in the Kaiparowits re
gion the lack of water is not a serious hindrance to the · 
cattle industry. Though water is scarce, the available 
sources are so situated that only a few small areas 
of grazing lands ar·e unutilized because of distance 
from water holes. Many starving cattle were seen, 
but none that. were seriously suffering from thirst. 

MINING 

Gold has been taken from gravel bars in Glen Can
)7on, and more can doubtless be recovered; but amounts 
justifying large outlays are ·unlikely to be found. 
(See p. 148.) The " oil fields " at Circle Cliffs and in 
Glen Canyon above the mouth of the Escalante have 
so far yielded no ret"qrns. The op.e known mineral 
resource of potentiaJ value is the coal of the Kaip~.
rmYits· Plateau. (See pp. 148-153.) 



CHAPTER' 2. SEDIMENTARY ROCKS 

GENERAL STRATIGRAPHIC RELATIONS 

The sedimentary rocks of the Kaiparowits region 
_are chiefly of Mesozoic age-Triassic, Jurassic, and 
Cretaceous. The highest" plateaus of the region-the 
Paurisaugunt, Table Cliff, and ·Aquarius-are capped 
by Eocene strata, and in the upwarps, where erosion 
has planed deepest, Permian limestones and sand
stones appear. In their litpologic features these.rocks, 
particularly those assigned to the Triassic, and Juras
sic, resemble closely the corresponding series in other 
parts of the Colorado Plateau province. 

Except for variations iri thiclmess, there is little dif
ference between the formations exposed at the Circle 
Cliffs or the Paria Valley and those in the Navajo 
country, 150 miles to the south, in the Virgin Valley, 
80 miles to the southwest, and along upper White Ca:p.
yon, 100 miles to the east. The Navajo sandstone can 
be traced .almost continuously from western Colorado 
to southeastern Neyada and from northern New Mex
ico to central Utah, and throughout this great region 

1 the formatioi1 is characterized by e&;entially ·similar 
lithology, peculiarities of 'veatheri.ng, and topogi·aphic 
expression. The variegated marl, limestone conglom
erate, and silicified trees of the Chinle formation dis
tinguish this division in practically all parts of the 
plateau country, and even the thin Shinarump cO'n
glomerate shows little change over thousands of square· 
miles. 

The strongly pred01ninant rock type of the region is 
sandstone .. Hard, massive sandstone forms most of 
the plateau benches and vertical canyon walls; weak, 
shaly sandstone makes up a large part of the slopes 
and valley flats. Limeston.e is rare, except in the 
Kaibab Plateau. Lenses and thin beds of conglom
erate appear at certain horizons. Clay shale is wide
spread in . parts of the Cretaceous and Triassic, but 
where traversed it is quantitatively much less tl;tan 
sandstone. The stratigraphic features of the forma~ 
tions in the Kaiparowits region are summa.rized in th~ 
accompanying table. (See also pl. 5.) 

Generalized section of the rock formations in the K.aiparowits region, Utah 

System Series Group and formation Character Thickness (feet) 

-------------------------l------------------l---------~----------------1·-------

Tertiary. Eocene. 'Wasatch formation. 
Calcareous sandstone, shale, and limestone; pink, 

white, and varicolored, soft; underlies highest 
plateaus; crops out in cliffs and forms slopes. 

2,000 

-------~-------------:-Unconformity---- -----1------------------------·1------

Cretaceous. Upper· Cretaceous. 

Bluish-drab fine to moderately coarse grained 
Kaiparowits forma- ·arkosic sandstone and sandy shale, with a 

tion. weak calcareous cement; forms slopes and 
badlands; a fresh or brackish water deposit. 

2,200 

:-----------1--------------~-------~:-----------

Yellowish-gray massive sandstone with some 
sandy shale, the upper 200 feet very massive 

Wahweapsandstone. and hard; grades downward into alternating 
hard and soft beds; a prominent cliff-forming 
division. 

Straight Cliffs sand
stone. 

Tropic shale. 

Dakota 
stone. 

( ?1 ., sand-

Yellowish to brown irregularly bedded medium 
to massive sandstone; contains coal beds as 
much as 20 feet in thickness; forms prominent 
escarpments. 

Bluish-drab argillaceous to sandy shale; very 
uniform in color and texture; grades to fossil
iferous sandstone at base; shale contains 
abundant Gryphaea newberryi and other fossils; 
forms slopes and badlands. 

Yellow to nearly white sandstone; conglom
eratic in part; irregularly bedded; contains 
thin beds of coal and large silicified trees in 
places. 

l,lOQ-1,300. 

90Q-1,200 

55Q-1,450 

0-100 

-----------------1-----------:-Unconformity·---- ---------- -----------------------1-------- --· 

Cretaceous (?). Lower Cretaceous (?). 

Maroon to light bluish-gray sandy banded shale, 
Morrison formation. very massive, hard conglomerate, and coarse 

gritty maroon, yellow, and gray irregularly 
bedded sandstone;· forms escarpments. 

Q-565 

----------------- -------------------- -Unconformity----1------------------------ - -1-------

36 



Systom 

. ltm.tssic. 

Jurassic (?). 
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Generalized section of tht3 ·rock formations in the· K a1:parowits region, Utah-Continued 

Series 

Upper Jurassic . 

Lower Jurassic (?). 

Group and formation 

ci. 
:::1 
0 ,_. 
bO 

~ 
t13 
'; 
0::: 
s:: 
t13 w 

Summerville 
formation. 

Entrada sand-
stone. 

Carmel forma-
tion. 

Character 

Thin-bedded red-brown to gray friable sand
stone; shale-like beds, alternating red and 
white, form banded cliffs; contains much 
gypsun~. 

Yellow, tan, light-red, brown and gray fine, 
even-grained sandstone; in places one massive 
cross-bedded stratum; some poorly bedded 
sandstone and red shale. 

Pink to red and bluish sandy shale; white and 
buff sandstone; gypsum in beds and as cement; 
dense siliceous and earthy dark-maroon and 
light bluish-green limestone; weathers in bad
lands and forms bench on top of Navajo sand
stone. 

Thickness (feet) 

100-500 

200-800 

90-450. 

----Unconformity- ------------------------t----------

. I 

Navajo sand
stone. 

Light creamy-yellow, white, pinkish, and buff, 
highly cross-bedded sandstone; weathers in 
high cliffs and innumerable cones, towers, and 
domes; forms caves, alcoves, and natural 
bridges. 

1 '200-1 ,,800 

Local uncon
formity. -l----------------------------------1----------

Todilto (?) for
mation. 

Wingate sand
stone. 

Maroon coarse-grained cross-bedded sandstone, 
conglomerate, blue-gray hard, dffnse lime
stone; and maroon and brown shale; all in thin 
irregular beds. 

Reddish-brown, very massive sandstone; promi
nently jointed; crops out commonly in a single 
vertical cliff that resembles a palisade; cross
bedde~ but not so prominently as Navajo 
sandstone . 

125-249 

250-400 

-----------------I-------------------:-Unconformity--~--l----------------·-----------1-------

Triu.ssic. 

Upper Triassic. Chinle formation. 

Thick variegated· calcareous shale or "marl," 
fine-grained sandstone, cherty limestone, and 
conglomeratic limestone; sandstone most 
abundant in the middle part; contains large 
silicifi<;!d trees. 

475-800 

--------------------1---------------1----------------------------l-----

Upper (?) Triassic. Shinarump conglom
erate. 

Light-gray to yellow coarse-grained to con
glomeratic sandstone, very irregularly bedded 
and variable in thickness; grades locally into 
bluish sandy shale; contains silicified wood; 
forms prominent bench. 

0-125 

---------------t-Unconformity----1------------------------l---------

Lower Triassic. Moenkopi formation. 

Chocolate-brown to yellowish shale and sand
stone, containing locally in upper portion very 
thin hard limestones; shale very sandy and 
grades into shaly sandstone; the sandstone 
ranges from thin-bedded platy to thick mas
sive beds; ripple marked. 

304-500 

I ---- -· ---- ---- -----t-Unconformity-----1----~-------------------1-------

Kaibab limestone. 

<;arboniferous. Permian. 

Coconino sandstone. 

White to yellowish massive, more or less dolo
mitic limestone, in part cherty; lower part 
increasingly sandy and grades downward into 
sandstone without sharp change; fossiliferous 
in part. ' 

Light creamy-white calcareous cross-bedded 
medium-grained sandstone . 

164 

0-93 
I 

i . . '" _________ __;_ _________________________________ __,_ __________ -------~--------!.__;_ ____ _ 
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PERMIAN FORMATIONS 

LOCATION AND EXTENT. 

Beds of Permian age form the surface of the Kaibab 
Plateau, which extends from north-central Arizona 
northeastward nearly to the Paria River, in Utah.· 
These exposures lie on the western border of. the Kai
parowits .region, and as they are but prolongations of 
the Perm1an beds that are well displayed on both sides 
of the Gr~nd Canyon, a discussion of them properly 
belongs with reports on that .region. In this paper 
they are briefly de.scribed · for comparison and corre
lati?n with corresponding beds in the Kaiparowits 
regwn. 
· In the Circle Cliffs several canyons have cut into 
Permian limestone and sandstone, exposing in some 
places more than 200 feet of strata, and a. deep well 
drilled near the top of the Circle ·Cliffs dome gives 
information concerning· the rocks beneath. In addi
tion to the broad exposures on the Kaibab Plateau 
and the outcrops in the Circle Cliffs, Paleozoic rocks 
appear at the surface in several other parts of south
.ern Utah. Permian and Pennsylvanian rocks are well 
displayed on the San Juan River at GoodridO'e on the 

b ' 
Colorado River in Cataract Canyon, along the lower 
Green River, and in the canyons that head in Elk 
Ridge. Permian rocks are exposed in the San Rafael 
Swell, in White Canyon, and in Grand Gulch. Per
mian and older rocks are extensively developed also 
in the Virgin River region in southwestern Utah. It 
is therefore very probable that upper Paleozoic forma
tions underlie a.ll of the plateau country in southern 
Utah. 

In the Kaiparowits region the exposed strata of 
Permian age are assigned to the Kaibab limestone and · 
the Coconino sandstone. 

KAIBAB LIMESTONE AND COCONINO SANDSTONE 

HISTORICAL SKETCH 

Descriptions of the beds now called Kaibab limestone 
rl.nd Coconino sandstone appear in all the geologic 
reports that relate to the Grand Canyon region. These 
formations could scarcely escape observation, for they 
are cut by innumerable canyons. The limestone forms · 
the surface over wide areas and presents persistent fea- · 
tures of lithology and fossil content. The sandstone is 
a distinctive stratigraphic unit, marked especially by 
its prominent cross-bedding. They were noted by 
Marcou in 1856 and by Newberry in 1861 and were 
later discussed and represented in sections published 
by Powell, Marvine, Howell, Gilbert, Dutton, and 
"Valcott. Studies of the "carboniferous " by O'eolo
gists of the Wheeler and the Powell surveys re~ulted 
Ill the well-known threefold division called Aubrey 

limestone, Aubrey sandstone and Redwall limestone. 
In addition to the "Aubr~y " limestone and the 
"Aubrey" sandstone-spoken of . also as "Upper 
Aubrey " and as " cherty limestone " and " cross
bedded sandstone "-the Aubrey group included at its 
base a series of sandstones.and shales which were either 
classed with the "Lower Aubrey" sandstones or 
treated as a minor subdivision as "Lower Aubrey" 
sandstone and shale. Darton~ simplified this· nomen
clature by the substitution of the terms Kaibab lime
~tone for "Aubrey " liniestone, Coconino sandstone for 
'·Upper Aubrey" sandstone, and Supai formation for 
"Lower Aubrey" sandstone and shale. 

As a result of the extensive· studies of Noble 2 the 
generalized descriptions of previous writers were re
placed by an analysis that is based on detailed exami
nation of carefully measured sections. 

Reeside and Bassler 3 separated the Kaibab of the 
Kanab and Virgin River Valleys into five topoO'raphic 
and lithologic divisions. . . o . 

Correlation of the Kaibab on the basis of lithology 
and paleontology presents little difficulty, but in spite 
of the .abundan~ fossils present the exact age of the 
formatwn remained long in doubt. Marcou 4 classed 
it as Permian-the equivalent of the Magnesian lime
stone of England. Newberry 5 reO'arded it as "an 
• b 

Integral part of the Carboniferous." Geologists of the 
'Vheeler and the Powell surveys refern~d the "Au
brey " sandstone and "Aubrey " limestone to the upper 
Carboniferous and a few feet at the· top to the " Per
mo-Car~oniferous." Darton a and Robinson 7 piaced 
the Kaibab and Coconino in the Pennsylvanian. 
~oble 8 c~rrelated theni with the Ma~zano group of 
New Mexico, then considered Pennsylvanian. In dis
cussing the geology of _the Little Colorado Valley, 
Greg~ry 9 st~tes that " fuller investigation may re
sult ~n plaCing all or part of the· l(aibab anl.ong 
~ermia.n formations." Evidence from many sources 
Increasingly favors the correlation of the l(aibab and 
Coconino with part of the 1\'Ianzano group of New 
Mexico, which is now classified as Permian. 

1 J?arton; N.· H., A. reconnaissance of parts of northwestern New 
MexiCO and northern Arizona: U. S. Geol. Survey Bull. 435 1910. 

~Noble, L. F., The Sbinumo quadrangle: U. S. Geol. Su~Yey Bull. 
549, 1914; A section of the Paleozoic formations of the Grand 
Canyon at the Bass trail: U. S. Geol. Survey Prof. Paper 131 pp. 
23-73, 1923. . , 

8 Reeside, J'. B., jr., and Bassler, Harvey, Stratigraphic sections in 
southwestern Utah and northwestem Arizona: U. S. Geol. Survey 
Prof. Paper 129, pp. 54-76, 1922. 

'Marcou, Jules, Resume and field n:otes: U. S. Pacific R. R. Ex:pl.. 
vol. 3, pt. 4, p. 153, 1856. · 

5 Newberry, J'. S., Geological repot·t, in Ives, J. C., Report U[)Oll the 
Colorado River of the West, pt. 3, p.' 73, 1861. 

6 Darton, N. H., op cit., pp. 28, 30. 
7 Robinson, H. H., The Snn Fmnciscnn volcanic field: U. S. Gcnl. ' 

Survey Pr<?f. Paper 76, pp. 24-25, 1913. 
8 Op. cit. 
9 Gregory, ·H. E., Geology of the Navajo country: U. S. Geol. Sut·vev 

Prof. Paper 93, pp. 18-22, 1917. . · 
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The usunl section of the l(aibab formation is in
complete; eithei· the bottom is concealed or the top 
i~ removed by erosion. The search by Gregory and 
Noble 10 .for n place where unquestionably all the J(ai
bab is displnyed was rewarded by finding in l(aibab 
Gulch a complete section with the Her1nit shale below 
and the Moenkopi above, a section which may serve 
as the. type of the l(nibab limestone. 

The Coconino sandstone maintains a uniform char
acter throughout the Grand Canyon district, althougl). 
there are marked variations in thickness. The sand
stone called Coconino in southern Utah,11 part of 
which is described in this paper, occupies a strati
graphic position that corresponds to the Coconino of 
the Grand Canyon but probably is not precisely equiv
alent to it. 

NOU'l'HlmN l(AIBAB PLATJ~A U 

Except fot· n, smnll outcrop of Hermit shah~ in ICa.i
bab Gulch the exposed Permian rocks at the north 
ewl of the l(aibn.b Plateau consist entirely of the 
l(aibub limestone. As seen here, the l(aibab is a some
whu t magnesian gray arenaceous limestone, which 
eonuno~1ly weathers very light drab-gray or buff. It 
is medium to massively bedded, and the thickness of 
individual beds ranges from a few inches ·to several 
feet. As indicated by resistance to erosion, the rock 
is harder than that of the formations above and below. 
Jointing is common, though somewhat· irregular, and 
hus guided the weathering of cliffs and canyon walls. 
Most of the l(aibub limestone is siliceous and arena
ceous. In places it consists of about equal amounts of 
calcite or dolomite and quartz; elsewhere it is a sand
stone with lime and .magnesian cement. Gradation 
in the amount of sand grains is scarGely noticeable in 
nutny layers, but in some there is a distinct alternation 
of sandstone and slightly sanely or quite pure lime
stone. Besides the sand grains in the body of the 
rock silica. occurs as small nodules and as quartz 
geodes. Locally chert nodules and lenses are abun
dant. In parts of the formation i.nany fossil marine 
invertebrates are well preserved. 

In other parts careful search revealed only frag
mentary shells-no recognizable fossil remains. The 
l(uibab is evidently of marine origin, but the fossils 
aud the abundance of sandy material that it contains 
indicate that the water in which it was deposited was 

10 Gt·egot·y, H. E., and Noble, I" .. F'., Notes .on n. geologicnl tt·avet·se: 
Am. Jout·. Sci., 5th ser., vol. 5, pp. 229-238, 1923. 

11 Longwell, C. H., M:lset·, H. D., .Moot·e, R. C., Bryan, Kirk, and 
Paige, Sidney, Hock formations in the Colorado Plateau of southeast-. 
ern Utah and not·tbern Arizona: U. S. Geol. Survey Prof. Paper 132, 
1>. 8, 1923. Miser, H. D., Geologic stl'Ucture of San .Tunn Canyon and 
:uljaccnt country, Utah: U. S. G.eol. Survey Bull. 751, pp. 121-122, 
1924. Gllluly, .Tames, and neeside, J. B., jt·., Sedimentary rocks of 
the San Unfuel Swell and some adjnccut ut·ens iu custem Utah: U. S. 
Gcol. Sur\'cy Prof. Pnpet• 150, p. 63, 1028. · 

not deep nor in this area probably at a great distance 
from land. 

Because of its great resistance to erosion, as com
pared with the. overlying Moenkopi and Chinle for
mations, which have been stripped from its surface, 
the Kaibab formation in House Rock Valley presents 
. a rather smoothly rounded surface, which marks out 
nccurately the structure of the rocks along the east 
flank of the l{aibab fold. In the steep slopes of the 
fold short consequent streams have carved deep, nar
row canyons, in the walls of which the broken edges of 
'the Kaibab strata are sharp and angular. The rock
strewn bottom of these canyons consists generally of a 
series of short steps over the edges of successive hard 
beds. · 

At Kaibab Gulch, a.bout 8 miles south of the settle
ment of Paria, the canyon walls consist of Hermit · 
shale succeeded upward by l(aibab limestones and 
::mudstones that are unconfor1nably overlain by Moen
kopi sandstones and shale. At the base of the section 
calcareous sandstone immediately overlies red shale; 
no beds referable to the Coconino sandstone are present. 

The strata exposed in Kaibab Gulch may appro-· 
priately be considered the type section of the Kaibab 
limestone. (See pl. 4, A., B.) As described by Noblet! 
the strata of Kaibab limestone in ICaibab Gulch com
prise five major divisions. 

SeoNon in J(aiuab Gulch, Utah 

(At top.) Very irregular beds of coarse breccia-conglom
erate, interstrntified with buff shale and calcareous 
sandstone and capped by massive beds of buff lime
stone ; the limestone forms a strong cliff ; the shale and 
sandstone form a slope broken by irregular cliffs of 

Feet 

breccia____________________________________________ 77 
Massive gray crystalline limestone, cherty a1!d fossilif

erous, containing a bed of sandstone in the middle 
::md passing at top into alternating beds of chert and 
buff . earthy limestone; the beds of gray crystalline 
limestone form strong cliffs ; the alternating beds of 
chert and buff limestone above the gray limestone 
form a steep, le~lgy ~lope------,..------------------- 326 

Buff and reddish fine-grained sandstone, poorly consoli-
dated ~nd irregularly bedded, interstratified with beds 
of sandy breccia and ·travertine; forms slope________ 150 

l\Iassive buff siliceous limestone, cherty and. somewhat 
fossiliferous, containing some calcareous sandstone 
near the middle and a well-defined bed of hard fine
gmined buff cross-bedded sandstone near the base; all 
beds except the calcareous sandstone in the middle of 
the member form strong cliffs----------------------- 119 

.Alternating beds .of arenaceous limestone and irreg·u
ln rly bedded fj.ne-grained buff sandstone ; one thin bed 
of limestone, in the middle of the member, is very fos
siliferous ; the member forms u steep, ledgy slope, 
broken by small cliffs------------------------------ 45 

717 

12 No!Jle, L. F., A. section of the Kuibub limestone in Kaibnb Gulch, 
Utah: u: S. Geol. Survey Prof. Papet· 150, pp. 41-60, 1928. 
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The detailed secti.ons of Kaibab limestone at the 
Bass trail (Grand Canyon) in the Kanab Valley, in 
the Virgin Valley, and near Lees Ferry, as given by 
Noble, show a remarkable correspondence in litho
logi~ detail and sequence of ·strata with the section at 
Kaibab Gulch. Even the Kaibab of the Muddy 
Mountains, Nev., as analyzed by Longwell,13 may be 
readily correlated. But the beds that are assigned to 
the 1\::aibab at the Circle Cliffs and at the San Rafael 
Swell differ much from those at .Kaibab Gulch in com
position, arrangement, and thickness. Though the 
fossils indicate approximately equivalent age, they 
can not. be correlated with assurance. Evidently the 
vicinity .of the Paria River marks the position of a 
significant change in the Kaibab limestone. Imme
diately west of· the river, in Kaibab Gulch, are the 

·easternmost outcrops of typical Kaibab limestone. 
East of the river the· formation thins, becomes more 

. sandy, and loses some features characteristic of sec
tions n1easured ·in the Grand Canyon region. East of 
Glen ·canyon no strata assignable to the Ka.ibab have 
been recorded; 

CIRCLE CLIFFS 

PHYSICAL FEATURES 

Several canyons in the. central part of the Circle 
Cliffs afford excellent exposures of Permian limestone 
and limy sandstone that are without doubt r·eferable 
to the Kaibab limestone. (See pl. 6, B.) Beneath 
the limestone,lies light-~olored cross-bedded ,sandsto~e 
that is.,cJassed as Coconino. As on the· Kaibab Pla
teau, the .limestone occurs .beneath dark~red sandy 
shale of the Moenkopi forthation, and the lithologic 
character and .contained fap.na o~ .the limy Qe.ds ··are 
essentially the same as those seen in typical exposures 
of the Kaibab throughout the ·.Colorado Plateau .prov
ince. In fresh exposures the Kaibab limestone of the 
. Circle Cliffs is very light gray to Q.lmost 'vhite· · 3;nd 
weathers to··creamy gray or buff. It is fairly evenly 
bedded,. ·and the thickne~s of L~he .·individual .b~ds 
ranges from a few inches to 15 feet·or more. L0cally 
very thin-bedded, almost shaly strata ·appear. Some 
of the ·beds aFe very hard; even textured, and fine 
gtainecr;· we·ather with a· 'ciharadteristic finely pitted 
surface,: .. anc(are marked by,Jin~: mosslike dendrites 
of manga~ese dioxide on fracture .·planes. Other beds 
rure medium grained and subcrystalline and contain 
disseminated rounded grains ·of quartz sand. Alter.; 
na~ing- 'with the purer limeston~s are beds in· which 
the pr~ppr#~n of sand is so gre.at that the rock ,Is 

13 Longwell, C. R., Geology of the Muddy Mountains, Nev. : .Am. 
J.our. Sci., 5th ser., vol. 1, p. 48, 1921; u: S; Geol. Survey Bull. 798, 
pp. 38-43, 1928. 

properly termed a limy sandstone, but it ,is com:mon to 
. find an almost imperceptible gradation from limestone 
with scattering grains of sand to sandstone with 
abundant lime cement. The amount of sand is con
siderably greater than that in the l(aibab · of the 
Kaibab Plateau or the Grand Canyon district. One 
peculiar light-yellow soft, massive ledge, which 
weathers in well-rounded sur·faces and contains abun
dant angular fragments of chert, was· observed at sev
eral places in the Circle Cliffs. This chert-bearing 
bed 'is in part a residual deposit, and the chert is 
clearly of secondary origin, but its position within the 
formation beneath massive, evenly stratified limestone 
shows that it does not represent exposure and dis
integration of a part of the Kaibab rocks in post
Kaibab time. 

As exposed in the Circle Cliffs the l(aibab forms 
steep canyon walls that are inade up of a series of 
massive benches and intervening slopes. In places the 
cliffs are. sheer, but in general weak materials at cer
tain horizons produce slopes composed of a series of 

. 1ninor benches; 
The Coconino sandstone, as defined in the Circle 

Cliffs, includes the light creamy-white, more or less 
cross-bedded sandstone that underlies the lowest ob
served limestone. It differs in no essential respect 
from the sandstone in the lower part of the l{aiba b 
and is undoubtedly conformable with the beds above; 
indeed, the ·definition of the formations is somewhat 
arbitr'ary. The only basis £or regarding th.e sand
stone as· a stratigraphic unit distinct from the Kaiba.b 
is' the great thickness of the sandstone, as revealed by 
boring, and its correlation with the thick, widespread 
sandstone that in other parts of Utah has been called 
Coconino. This sandstone is very calcareous ; as ob
served i'n some thin sections, the calcite filling between 
the sand grains is approximately equal in quantity to 
the sand. The quartz grains are n1edium in size and 
fairly weil rounded. A few of the rounded grains 
consist of limestone. The cross-bedding is neither 
so prominent nor so uniform as that in the Coconino 
of the Grand Canyo'n; the individual cross-bedded 
lenses are much thinner; and the platy weathering of 
the cross laminae is much less striking. In general, 
the rock appears less resistant to weathering than the 

. type Coconino and forms rounded " bouldery " sur
faces between irregularly disposed joint planes. 

STRATIGRAPHY 
•' ' ~ . 

The stratigraphic sequence and the composition of 
the Permian, beds in the Circle Cliffs are shown in the. 
following measured sections. The maximum exposed 
thickriess·is 236 f~~t~ · 
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1 
Generalized section of the 

rocks of southwestern Utah 
By J. B. R~e~ide, Jr., an~ 

H. Ba::sler U. S. Geul. Sur\'ey 
Prof. Paper 129, 1922. 

1,140± feet 

460 feet 

2,100 feet 

Chm le 
formation 
995 feet 

Moenhop1 
formation 
1,7Z5·2,035feet 

J<aibab 
limestone 
490-1,059 feet 

Supai 
formation 
1,.300-1,500 feel 

2 
Section of the Paleozoic rocks 

in the Gtand Canyon at 
Bass Trail 

Hy L. I•'. Noble, U.S. Geol. Survey 
Prof. Pa·per 1\31, pl. 19, 192<1. 

3 
Generalized section from 

southwestern part of Kaipa
rowits Plateau to U]Jper 
part of Marble Gorge 

This report. 

plateau 

1,200-1,290 fe-ot 

StraightCiiffs 
sandslone 
950-1,000 feet 

Chinle for·mation 
850-980 feet 

/ 

/ 
/ 

4 
Generalized section of·south

eastem and north-central 
parts of Kaiparowits 

Plateau along Last Chance 
Creek to Table Cliff Plateau 

This report. 

formatron 

2,000±fcot 

Wahweap 
sandstone 

1,300 feet 

1,250 feet 

Tropic shale 
640 feet 

=~~===============--

5 
Genei·alized section of lower 

San .Juan River Carlyon 
Compiled from measurements by 
ll. D. Miser, U. S. Geol. Survey 
Prof. Paper 132, pl. 1, sees. 6, 7, 

8, and 9, 192<1. 

'? 

? 

6 
Generalized section of Circle 

Cliffs, Watetpocket Fold, 
and Hemy Mountains 

This report. 

1,070 feet 

Canuel forrnati on 
450 :': feet (?) 

Navajo sandstone 

1,350 feet 

I 

~~~~~------~~~~-~~:~~--~~=====---Moenkopi formation 
390-540 feet 

---? __ 

Limestone Limestone con
taining nodules 
of chert or flint 

Moenkopi formation 
840-1,010 feet 

Coconino 5a.ndstone 
40.0-600 feet 

5upai (?)formation 
380-feet 

Good ridge forrna·rion 
1,338 feet 

EXPLANATION 

Kaibab lrrne5tone, 
Go con ino sandstone, 
and Supai (?)for·rnation 

1,700 feet 

Goodridge(?) for-mation 
1,5 82 feet 

~EEJWIIIIIMI 8 
DoJornite Sandstone Bedded Shale Sandy shale 

sDndstone 
Conglomerate 6ypsu rn 

~-- Unconformity 

I 
~ 
I 

I 
I 

I 

'I 
Generalized section of San 
Rafael Swell ~md southern 

Wuaatch Plateau· 
Compiled from measurements by 
James Gilluly (below Dakota'll. 

and E. M. Bpieket· (above 
~lorrison). U~tpublished notes. 

Sando lone 
700 feet 

Shale, 600 feet 

E1ner~y .s~mdoto1Je 1neruber· 
soo feet 

----- -----

COH.HELATION CHAHT SHOWING RELATIONS OF THE PALEOZOIC AND MESOZOIC ROCKS OF THE KAIPAHOWITS HEGION TO THOSE OF ADJACENT HEGIONS 

8 
Generalized section of roclls 
in southwestern Colorudo 

Compiled from me<J:suremcnta by 
Whitman Cross (below Dakota?), 

U. S. Gool. Survey Gaol. Atlas. 
Folio 130,.1905, and J. B. Hoe

side, Jr. (auove Morrison), U. S. 
Geol. Survey Prof. Paper 13-1, 

pl. 2, sees. 4, 5, 6, and B, lDz.t 

Kir-tland shole 
632--1,170 feet 

Lewi5 shale 
1,600 -2,2 9 0 feet 

Mancos shale 
1,600 feet 

t\00- 1,000 feet 

la Plata sandstone 
250-500 feet 

Dolores formation 
400 feet 

Culler- formation 
0-2,000' feet 

Hermosa formation 
1,800-2000 feet 
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9 
Generalized >ection of the 

Navajo count.ry 
By H. E. Gregory, U. S. Gcol. 

Survey Prof. Papet· 93, 
pl. 3, 1915. 

Moenkopr for·mation 
300-500 feet 

Goodr·idge formation 
I, 500-feet 
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A. MARBLE GORGE 
View looking downs lream 12 miles soulh of Lees Ferry. Photograph by E. C. La Rue. 

B. KAIBAB LIMESTONE NEAR JUNCTION OF SILVER FALLS 
AND MULEY TWIST ROADS, CIRCLE CLIFFS DISTRICT 
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A. SHNABKATB SHALE MEMBER OF MOENKOPI FORMATION ABOUT 3 MILE SOUTHWEST OF PARrA 

B . MOENKOPI STRATA U CONFORMABLY OVERLAI BY SHI ARUMP CONGLOMERATE IN NORTHERN 
PART OF CIHCLE CLIFFS 

C. BUTTE 1 MILE SOUTHWEST OF PARIA 

Chinle forma lion capped by a remnant of Wjnga le sandstone. The foreground shows a dip slope formed by sandstone a t the 
top of the Moenkopi; the Shinarump conglomerate is represented by a thin whi te sand at the base of the slope, but it 
disappears locally in this area, the Chinle res ting directly on Moenkopi. The entire thickness of the Chinle, about 500 
feet, is shown in this view. 
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Scot.ion. of Kaibab Zime~tone ain(l Coconino, sanclstone west ot 
21M Peaks, Circle Cliffs, ·.Garfielcl County, Utah 

[Measured by Raymond C. Moore] 

Triassic (Moenkopi formation) at top. 
Permian: 

Knlbnb limestone- Feet 
6. Limestone, Y.ellow, dolomitic, in massive, 

evenly bedded ledges, that weathers in large 
nngular blocks pitted b·y solution; in places 
contains numerous dendrites of manganese 
dioxide and concretions resembling wad; 
contains fossils; forms resistant ca·p of 
pro1ninent bench________________________ 37 

5. Limestone, light yellow, soft, dolomitic, mas
sive, filled with angular fragments of' 
white chert; weathers in fmooth slope; 
exposed----------------------------~---- 15 

4. Limestone, soft, light creamy yellow, thin 
to medium bedded ; weathers in slope; 
partly concealed--------~---------------- 37 

3. Limestone, white, very sandy; rounded sand 
grains scattei·ed rather evenly thr<?ugh. 
the limestone but more lime than sand; 
weathers in thick ledges__________________ 34 

2. Sa.ndstone, white, medium to coarse grained, 
rounded quartz grains in a lime matrix, 
more sand than lime; mns~~ve_:..__________ 19 

Total Kaibab limestone----------------
Coconino sundstone-

1. Sandstone, white, medium to coarse grained, 
rounded .quartz grains in a lime matrix, 
moderately soft, mas!:?ive; breaks into irreg-
ular blocks on weathering; exposed ______ _ 

Total Permian---------------~---------

163. 

73 

236 

Section of Kad.bnb litmestone north of The Peales, Ci1·cle Cliffs, 

Gcurftelcl Co·wnty, Utah 

[Measured by Raymond C. Moore) 
Feet 

~'riussic (Moenkopi formation) at top_________________ 107 

Permian: 

Kaibab limestone-
4. Limestone, light creamy to rich yell~w, dolo

mitic, massive, in rather even beds 2 to 5 
feet thick ; weathers in large anguhlr 
solution-pitted blocl\:S; lower part coarse 
grained, upper part fine grained and 
dense; caps bench_______________________ 17 

3. Limestone, light yellowish gray, dolomitic, 
fine grained, very massive but rather soft; · 
weathers white in smooth, rounded sur
faces and slopes; contains abundant chert 
nnd bard splintery white flint in nodules, 
lenses, nnd angular fragments ; in places 
the rock resembles a breccia composed of 
angular chert fragments held in a matrix 
of limestone; exposed____________________ 18 

Permian-Continued. 
Kaibab limestone-Continued. 

2. Limestone, yellowish gray, soft, thin to me· 
diu~ bedded, poorly exposed'; this zone 
characteristically weathers as a slope; 

Feet 

partly covered__________________________ 43 
1. Limestone, light creamy yellow, dolomitic, 

dense, fine-grained, very massive, and in 
beds 1 to 2 feet thick with very fine cavi
ties; weathers in large blocks anq irregu
lar rounded slopes; upper part more evenly 
bedded and weathers to sligl)._tly lighter 
color than lower part____________________ 56 

Total Kaibab limel3tone ____ _:.:____________ 135 

The uppermost portion of the Kaibab (bed 4) at 
this locality has less than half the thickness of the 
corresponding stratum (bed 7) at The Peaks. This 
decrease appears to be due= to pre-Moenkopi erosion. 

Secti(Yn Of Knibab li'1'1Ws·tori:e northeast of Wagon.bO:D Mesa, 
below Yellow Cone, 2 miles tbest ·of point where Burr trail 
m·osses the Navajo saindstone,· Circle OZiffs, Garfield 001.11nty, 
Utnh 

[Measured by n'~!ymond C. Moore) 

Feet 

Triassic (Moenkopi formation) at top_________________ 258 

Permian: 
Kaibab limestone-

5. Limestone, brown and yellowish, soft ; con-
tains much chert ; ·weathers in ledge irreg
ularly pitted ; locally somewhat shaly -----

4. Limestone, tan to gray, in part sanely; con-
tains numerous calcite concretions and 
chert nodules--------------------------

. 3. Sandstone, white to buff, medium to fine 
grained, calcareous; upper part grades to 
very sandy limestone ___________________ _ 

2. Limestone~ dark gray and brown; very sandy; 
weathers in angular blocks with pitted 
~urfaces; forms a prominent ledge;· con-

18 

32 

30 

tains pelecypods_________________________ 5 
1. Sandstone, white to buff brown, . fine to 

medium grained, massive, calcareous; 
weathers gray; crops out in rounded sur-
faces; exposed-------------------------- 42 

Total Kaibab limestone________________ 127 

The top bed of the Yell ow Cone section apparently 
corresponds to the soft ~~erty zone which on the north 
and west side of The Pe.aks is overlain by very mas
sive, hard, thick limestone. The pelecypods (Pleuro
phorus f n. sp.) obtained in the 5-foot bed of limestone 

· are the_ s~me a~ those found .more abundantly in the 
sandy beds in the central part of the Circle Cliffs, nea~ 
the point where the Muley Twist road to Green River 
.joins the road fr.om Silver Falls Canyon to the Ohio 
Oil Co.'s-weH, near· Wagonbox Mesa. 



42 THE KAIPAROWITS REGION 

Sectimi of KaiiJab U1r~;estone at j-un.ot'ion of M·uley Twist and 
Sil·ver Falls Canyon roads, south of Ohio Oil Co.'s 'Well, 
Circle Cliffs, Garfield County, Utah 

LMeasured by Roaymond C. l\Ioore. (See pl. 6, B)] 

Feet 
Trhtssic (Moenkopi formation) at top_________________ 30 

Permian: 
Kaibab limestone-

4. Limestone, light yellowish gray, very cherty; 
the chert in irregular nodules, lenses, and 
layers; the limestone soft, rather tllin 
bedded, and weathering in slopes that are 
strewn with weathered fragments of chert_ 10-25 

3. Limestone, yellow and light tan, dolomitic; 
lower part very sandy, grading \vithout 
sharp change from underlying sandstone ; 
upper part fine grained, hard, dense, 
cherty, weathering in angular pitted 
blocks; the limestone contains munerous 

. small, greenish grains, apparently glauco-
nite; fossiliferous________________________ 47 

2. Sandstone, light gray to almost white, fine 
grah~ed, very calcareous, massive; weathers 
yellowish, in rounded shoulders and large 
blocks, in part soft, in. part hard.; gTndes 
locaUy to very sandy limestone in which 
percentage of sand and lime is about equal; 
fossiliferous_____________________________ 63 

1. Limestone, dark gray, very sandy, hard; 
exposed--------------------------------- 1 

Total Kaibab limestone_________________ 136 

FAUNAL CHARACTER 

Careful search for fossils in a number of sections 
of the Kaibab in the Circle Cliffs revealed a scarcity 
of organic remains. Fossilswere collected, however, 
both fron1 the zone of limestone beneath the very 
cherty zone and in the lower sandy beds. Though 
faunal lists show a predominance of molluscan forms, 
the molluscoids, including both bryozoans and brachi
opods, are nmnerically most abundant in the lime
stones. Two or three types of productids are very 
common. The limy sandstone contains large numbers 
of a single type of pelecypod, the remains of which, 
though generally not well preserved, cover completely 
the surface of many slabs. 
. G. H. Girty's identifications of the fauna, accom

. panied by brief comment concerning the collections. 
are presented below : 

Lot 4379. At the Yellow Cone, northeast of \Vagonbox Mesa, 
about 1% miles west of Bun; Flat; east side of Circle Cliffs, 
Garfield County, Utah. From limestone, bed 2, Yellow Cone 
section: 

Marginifera aff. M. cristo
balensis. 

Acanthopecten coloradoensis. 

Astartella sp. 
Pleurophorus? n. sp. 

Lot 4380. About e1 mile southwest of Ohio Oil Co.'s well, 
near center of Circle Cl ffs swell, Garfield County, Utah. From 
limestone about 10 to 15 feet higher stratigraphically than 
collection 4379. 

Sponge. 
Chonetes hillanus? 
Productus aff. P. popei. 
Productus ivesi. 
Pustula aff. P. montpelierensis. 
Pustula sp. 
Composita sp. 

· Edmondia aff. E. ovata. 
Nucula? sp. 
Parallelodon? sp. 
A viculipecten, 2 sp. 

Pseudomonotis aff. P. hawni. 
Pseudomonotis sp. 
Myalina aff. M. swallowi. 
Astartella aff. A. concentrica. 
Myoconcha? n. sp. 
Pleurophorus aff. P. occiden-

talis. 
Pleurophorella? sp. 
Euphemus? sp. ·' 
N au til us sp. 

Lot 438L Junction of Silver Falls and Green, River roads, 
about 3 miles south of Ohio Oil Co.'s well, Garfield County, 
Utah. From calcareous sandstone, bed 2 of measured section 
at this point: · 

Pleurophorus? n. sp. 

Lot 4382. About 3 miles south of Oh · o test well and about. 
1 mile east of junction of Silver Falls and Green River roads, 
center of Circle Cliffs swell, Garfield ·county, Utall. From 
upper part of Kaibab limestone, bed 3 of measured section: 

Septopora? -sp. 
Chonetes hillanus? 
Pustula aff. P. montpelieren-

sis. 
Pustula sp. 
Composita sp. 
Edmondia aff. E. gibbosa. 
Pernipecten? sp. 
Lima n. sp. 

Myalina· sp. 
Myoconcha? n. sp. 
Astartella? n. sp. 
Pleurop~orus aff. P. occiden-

talis. 
Pleurophorus? sp. 
Plagioglypta canna? 
Pleurotomaria sp. 
Aclisina sp. 

Lot" 4382. One mile east of junction of Green River and 
Silver Falls Canyon roads, 3 miles south· of Ohio Oil Co.'s 
well, Garfield County, Utah. Kaibab limestone, from horizon 
50 feet below that of lot 4382: 

Sponge undet. 
Septopora sp. 
Phyllopora sp. 
Schizophoria n. sp. 
Chonetes hillan us? 
Pustula montpelierensis var. 
Compo.sita sp. 
Parallelodon aff. P. politus. 
Parallelodon aff. P. sanga ... 

monensis. 
Acanthopecten coloradbensis. 
Pernipecten n. sp. 
Deltopecten aff. D. occiden

talis. 
Aviculipecten indet. (several 

sp.). 
Pseudomonotis indet. (several 

sp.?). 
· Myalina aff. M. swallowi. 

Schizodus n. sp. 
Schizodus sp. 
Schizodus?, 3 sp. 
Astartella aff. A. concentrica. 
Astartella aff. A. varica. 
Myoconcha? n. sp. · 
Myoconcha? n. sp. var. 
Pleurophorus aff. P. occiden-

talis. 
Pleurophorus sp. 
Pleurophorus? sp. 
Bucanopsis aff. B. modesta. 
Euphemus sp. 
Pleurotomaria indet. (several 

sp.). 
Orthoceras? 
Goniatites? 
Griffithides sp. 
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. · Lot 4381-n. At west. side of junction of Green R:iver and 
SilYet· ]j"'alls Cnnyon ron<ls, about 3 miles south of Ohio Oil 
Co.'s well, Garfield County, Utnh. ]j"'rom U[lper part of cnlcnre
ous sn nd~tone, bed 2 .of section : 

Solenomya? sp. 
Nucula sp. 
Parallelodon? sp. 
Myalina aff. M. permiana?. 

Schizodus? sp. 
Plem·ophorus? n. sp. 
Bellerophon sp. 
Pleurotomaria sp. 

r .. ot 4381. Bluff on west side of creek, at junction of Green 
R vet· and Silver Falls Cunyon roads, 3 miles south of Ohio 
on Co.'s test well, Garfield County, Utah .. ]j"'L'Olll lower part 
of. Knibnb limestone: 

Sponge indet. 
:Fenestella sp. 
Septopora? sp. 
Chonetes hillanus? 
Pustula aff. P. montpelieren-

sis. 
Girtyelln.? n. sp. 
Spirifedna sp. 
Sq mtm ularin.? s p. 

· Cliothyridina '? sp. 
Deltopecten aff. D. occiden

talis. 
A viculipecten indet. (several 

sp.). 
Pseudomonotis'? sp. · 
Pleurophorus? n. sp. 
Griffithides'? sp. 

'l'he faunas represented by the collections have been described 
only in· small part and contain many new species and some 
new genera. Furthermore, the preservation of all this ma
tel'ial is unfnvorable for close identification. Both these cir
cumstances have contributed to make it necessnry to leave 
IUilllY forms with only generic references or with the species 
only npproxhnntely identified. In spite of this fact, the faunal 
relations stand forth with considerable clearness and corrobo
rnte the correlations suggested on the field lnbels. All the 
lots nre Permian and show more or less close faunal affinities 
to the Ka'bnb limestone. 

CLASSIFICATION AND CORRELATION 

Although the lithologic character and stratigraphic 
position ally the beds beneath the Moenkopi in the 
Circle Cliffs with the Kaibab limestone and although 
the contained fossils indicate clearly the Permian age 
of these rocks and substantiate the correlation. with 
the J(aibab, there remain several uncertainties con
cerning their classification. 

In the Grand Canyon the stratigraphic divisions of 
the Permian are clearly defined and persist, with few 
changes throughout a very large area. Noble's section 
nt the Bass trail, which may be taken to represent the 
avernge conditions, shows 562 feet of J(aibab lime
stone, subdivided into three zones-(1) cliff-forming, 
fossiliferous and somewhat cherty gray crystalline ' . limestone, 292 feet thick, at the top; (2) an irregu-
larly bedded buff and reddish friable sandstone 136 
feet thick, tending to form slopes, in the middle ; and. 
(3) sandstone and limestone, grading upward into 
massive siliceous li1nestone, 134 feet thick, at the base. 
·The average thickness of the Kaibab in the Grand 
Canyon district is a little less than 600 feet. An 
abundant marine Permian fauna is found ill the lime
stone; a distinctive assemblage of fossils occurs in the 
so-called "Bellerophon beds" at the sum,mit of the 

formation; and what. may be termed the normal 
Kaibab fauna, represented by lists given by Girty,14 in 
lower beds. 

At the Bass trail the Coconino sandstone, next below 
the J(aibab, is 330 feet thick. It is a buff, uniformly 
fine-grained sandstone, characterized by cross-bedding 
on a huge scale, and presents the appearance of a 
single bed. It forms the strongest, highest cliffs in 
the upper part of the canyon wall. The quartz sand 
grains of the formation are bound together by siliceous 
cement., and the rock does not effervesce with acid. In 
the lower part of the Coconino are abundant tracks of 
small reptiles and amphibians. 1 ~ Southeastward, 
toward the n1outh of the Little Colorado River, the 
thickness of the Coconino increases, but northeast
ward, in the Marble Gorge, it diminishes progressively. 
In the upper part of the Marble Gorge the Kaibab. 
and Coconino retain their characteristic features, but 
the thickness of the Coconino is less than 100 feet. 
(See pl. 6, .A.) These formations are analyzed in the 
following section : · 

ScoUon of the 1caU of Marble Go1·ge opposUe the ·mouth .. of 
Bad..ger Creek, 7% miles belo·w Pwria, Ri·ve·r 

[Measured by Raymond C. Moore] 

Permian: 
Kaibab limestone- Feet 

11. Limestone, gray, weathering light buff, w·ith 
interbedded shaly iimestone, cherty; some 
of the beds 'massive, 2 or 3 feet thick, 
forming weak benches; this division cbnt·-
acteristically forms broken slopes _____ :___ 180 

10. Limestone, gray, weathering brown; very 
massive and hard, beds 3 to 10 feet thick, 
stmtification even; forms sheer cliffs; 
beds brenk in nngu!nr joint faces_._______ 226 

9. Limestone, gray to buff; medium to mas
sive beds form benches that nlternate with 
thin~bedded soft shaly to ·sandy beds, and 
the whole forms a steep slope; this weaker 
zone forms a persistent break between the 
sheer cliffs above and belo~ in the canyon 
\valls---------------------------------- 108 

8. Limestone, gray to buff, and sandstone ; 
this division commonly forms a steep cliff 
that is continuous with the underlying 
snndstone cliff; made up as follows : 

li'eet 
Limestone, gray to buff, thin____ 5 
Limestone, buff, a hard massive 

layer; forms sheer cliff_______ 7 
Limestone, buff, softer than adja-

cent beds____________________ G 
Sandstone, brown, cross-bedded, 

hard, a single massive ledge__ 5 
Sandstone, reddish, soft, shaly; 

makes recess in cliff or in 
places a slope--------------~- ·2 

H GiL·ty, G. H., in Darton, N. H., A reconnaissance of parts of noL·th· 
ern New Mexico and Arizona: U. S. Geol. Survey Bull. 435, 1910, 

· and elsewhere. 
lG Gilmore, C. W., Fossil footprints from the Grand Canyon: Smith

sonian Misc. Coli., YOl. 77, No. 9, 1926. 
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Permian~Continued. 

• Knibab limestone-Continued. Feet Fe.et 

.( 

8. Limestone, gray to buff, find sand
stone-Continued. 

Sandstone, reddish brown, moder
ately hard; forms rounded 
slope or weak cliff___________ 7 

Sandstone, . brown, calcareous, 
soft and rather shaly, forms 
slight slope------------------ 1¥2 

Limestone, bluish gray; weathers 
buff; hard ; forms projecting 
ledge------------------------ 2 

Sandstone, reddish brown, EOft, 
calcareous, crumbles to loose 
sand------------------------- 1 

Limestone, light yel:ow to cream, 
very soft, thin bedded, shaly, 
impure; contains small spots 
and · nol1ules of mangan~sfl. 

dioxide---------------------- 31h 
Limestone, b:uish drab, dark, 

hard ; breaks with a ringing 
sound; very fine grained and 
earthyin appearance; weathers 
in single massive ledges with 
surface finely pitted_________ llh 

41lh 

Total Kaibab limestone ___________ 481 

Coconino sandstone-
7. Sandstone, reddish brown, generally hard but 

locally soft ; crumbles in the hand ; 
the lower 2 · feet a massive layer, 
irregularly bedded ; the next 3 feet evenly 
laminated horizontally; the upper 10 feet 
irregularly bedded, rather massive; weath-
ers in rounded surfaces, nodules at top__ 15 

6. Sandstone, yellowish brown, hard, thin 
bedded, e a c h stratum cross-bedded ; 
weathers in platy fragments, stained black 
on surface ----------~---------------·---- 6 

5. Sandstone, light red, soft,· somewhat irregu-
. larly .stratified; the layers cut across in
clined laminae of subjacent bed_________ 15 

4. Sandstone, light yellow, a single hard mas
sive ledge, cross-bedded ; breaks in large 
blocks, prominently stained with desert 
varnish--------------------------------- 5 

:. 3. Sandstone, yellowish, highly cross-bedded ; 
weathers in slabs that break oblique to · 
the bedding;· massive___________________ 18 

2. Sandstone, very light yellow, sugary, promi
nently cross-bedded, the inclined laminae 
dipping southwest; siliceous cement; very 
massive-------------------------------- 34 

Total Coconino sandstone___________ 93 
Hermit shale-

1. Sandstone, chocolate-brown to reddish brown, 
:fine-grained, dense; some beds moderately 
hard and form weak cliffs; mostly rather 
soft, interbedded with sandy shale of sim-
ilar color ; the sandstones are . character
ized. by concretionary structure; exposed_ 296 

At· places in the Marble Gorge the Coconino sand
stone is' apparently divided in~o tw.o· .subequal'ledges. 

In its stratigraphic position, its very rnassivc noncal
careous character, the large scale of its southward
dipping cross-bedding, and its lig~t color, this sand
stone seems clearly to belong to the Coconino forma
tion, as represented in the Grand Canyon. However, 
the line of division between the Coconino and the l(ai
bab is not prominent, partly because distinctions ·in 
color and weathering are less marked in this area than 
in the Grand Canyon district. In the generalized sec
tion at Lees Ferry reported by Bryan 16 the total thick
ness assigned to· the l{aibab and Coconino agrees ap
proximately with the m~asurements in the Marble 
Gorge, but, as given by Bryan, the thickness of the 
l(aibab appears too small and that of the Coconino 
correspondingly tbo· large, unless much limeston~ of 
typical Ka.ibab lithol~gy is included in the Coconino.· 

The Permian section .a,t the upper end of the Marble 
Gorge differs little from the sections in the Grand 

· Canyon except in the lesser thickness of the Coconino 
sandstone and the greater thickness of the underlying 
Hermit shale, which measures 531 feet at a point 3 
miles below Badger Creek. Even the softer zone in 
the middle part of the l(aibab and the sandy beds cor
respond to features observed many miles to the south. 
The Permian beds of the Grand Canyon persist with 
surprisingly slight change for a distance northen:st
ward of at least 65 miles from the Bass trail, but in 
Kaibab Gulch, about 30 miles northwest of the upper 
lVIarble Gorge, the Coconino sandstone is absent; and 
there typical l(aibab, 717 feet in thickness, rests di
rectly on Hermit shale. Seemingly the northward
diminishing Coconino sandstone disappears before. it 
reaches the north end of the Kaibab Plateau. Con
ceivably, however, the $3t:J;Idy b.eds in the lower part of 
the Kaibab at this place are equivalent to a portion of 
the sandstone called Coconino in Utah. 

The top of. the l(aibab .dips beneath the surface 10 
miles north of Kaibab Gulch, but where it reappears 
in the Circle Cliffs its. lithologic features resemble· 
those of the typical l(aibab in Arizona. However, 
the formation as a whole appears sandier, and the· 
amount of fairly pure limestone is much less. The· 
deep boring of the Ohio Oil Co. in the central part 
of the Circle Cliffs begins in the Kaibab and shows 
that the very calcareous sandstone, which is strati
graphically the lowest rock exposed, continues be-· 
neath the surface for several hundred feet (p. 157). 
Cuttings from the upper part of the well reveal no· 
essential differences from the adjacent surface rocks, 
and there is every reason to conclude that these unex
posed strata are a continuation of the Carboniferous. 
capped by the Ka-ibab beds in the Circle C.liffs. 

16 Bryan, K'irl~, in Longwell, C. R., and others, .Rock formations in. 
the Colorado Plateau of southeastern Utah: U. S. Geol. Survey Prof •. 
Paper 132, pl. 1, section 3, 1925. 
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Is the decrease in thickness of the limestone in the 
Circle Cliffs due to erosion preceding Moenkopi depo
sition, which removed the upper part of the beds 
once laid down in the Circle Cliffs region~ That 
some part of the northward and eastward thinning in 
the Circle Cliffs is due to pre-Triassic erosion is sug
gested by the absence of the so-called Bellerophon 
fauna, which indicates that the youngest part of the 
J(aibab preserved here is older than the top of the 
formation in the Grand Canyon country. At the 
.San Rafael Swell, where the l(aibab limestone ranges 
in thickness from 85 feet down to a mere film, Gill1:1ly 
and Reeside 17 found a widespread erosional uncon
formity below the Moenkopi formation and ~·eached 
the conclusion that "some of the J(aibab limestone has 
been removed and that in so~ne part the eastward 
thinning of the J(aibab is due to pre-Triassic erosion." 

Sandstone that is evidently equivalent to that below 
the J(a:ibab in the Circle Cliffs is found in the Cataract 
Cnnyon, along the San Juan River, in the Henry 
Mountai11s, and elsewhere in eastern and southern 
Utah. This is the "Aubrey " sandstone of earlier 
writers, and has been called Coconino sandstone in 
recent reports.18 Does tl~is sandstone really corre
spond to the type·Coconino sandstone~ The complete 
gradation between the fossiliferous limestone of typi
cal J(aibab aspect and the underlying sandstone, which 
is likewise fossiliferous, seems to indicate that they 
are only slightly different parts of a single widespread 
deposit. Limestone occurs in and underlies the sand
stone, as shown by surface exposures and by well 
records. 1~he occurrence of marine shells in the sand
stone of the Circle Cliffs and its calcareous character 
contrast with the vertebrate footprints and siliceous 
character of the typical Coconino and, together with 
stratigraphic evidence, suggest that the formations are 
not exactly equivalent. This conclusion is supported 
by the observations . of Gregory and Noble 10 that 
typicn.l Coconino thins northward to the vanishing 
point in J(anab Canyon, is 25 feet thick at Ryan, on 
the west side of the J(aibab Plateau, and is entirely 
lacking in J(aibab Gulch-observations which led to 
the suggestion "that sandstone assigned to the Coco
nino in the northeastern, eastern, and southeastern 
pnrt"s of the plateau province may form part of the 
l(aibab." Differences in lithologic peculiarities supply 
additional evidence. 

It seems probable that the lesser thickness of the 
limestone in the Circle Cliffs and the San Rafael 
Swell, as c01npared with areas to the southwest, its 
alternation with limy sandstone, and the considerable 

17 Gl11uly, James, and Reeside, J. B., jr., Sedimentary rocks of the 
San Uofael Swell and some adjacent at·eaSI in eastern Utah: U. S. 
Gcol. Stuvey Prof. Paper .150, p. 64, Hl2~. 

18 Longwell, C. H., nnd othet·s, op. cit., p. 8. Mist;!r, H. D., op. cit., 
p. 35. 

10 Gt·egol'y, II. E., and Noble, L. F., op. cit., pp. 2:~n-2:~7. l!J23. 

increase in thickness of the calcareous sandy beds 
represent a gradual but 1narked change in the litho~ 
logic character of Kaibab sedimentation· indicatl ve of 
approach toward an old land mass. Studies of the 
Carboniferous and early Mesozoic rocks in areas eas~ 
and. north of the Colorado River indicate that .there 
":as ·persistent or recurrent elevation in a region 
bordering southern Utah. Red clay· and sand, coarse 
conglomerate, and gritty arkose (l\1olas, Hermosa, 
and Cutler formations), which are certainly in part 
of subaerial origin, indicate land conditions, and so 
do notable unconformities that do not persist south
westward. In passing fron1 northern Arizona: :. to 
southern and southeastern Utah the Carbonif~r,ous 
beds below the J{aibab change so greatly ~n character 
that equivalents of the formations of the Gr~nd Can
yon can not be certainly identified. It is per~1aps not 
possible to determine definitely whether the sandstone. 
termed "Coconino" in southeastern Utah is a,ctually 
equivalent to the Coconino o'f the Grand Cany~n. or 
whether, as is true in part, it is a facies of K~ibab 
deposition. By definition the name J(aibab is here 
applied to the lin1estone facies of these widespread 
Permian deposits, and the name Coconino is employed 
for the partly subjacent and partly intergrading and 
intertonguing sandstone facies that occurs in eastern 
and southern Utah. This usage is followed in the 
designation of the Permian strata of the Circle Cliffs. 
However, the thinning of the type Coconino toward 
the north, the more or less pronounced differences in 
lithologic character of the type Coconino and the 
Utah Coconino, and stratigraphic uncertainties· of 
different sorts suggest that extension of the name 
Coconino to Utah is of doubtful propriety. 

KAIBAB-MOENKOPI EROSION INTERVAL 

At none of the exposures in the Circle Cliffs where 
the contact between the Kaibab limestone and the 
Moenkopi formation was examined is there any 
marked discordanc~ in bedding or any very notice
able irregularity of the upper surface of the Kaibab. 
However, an unconformity at the top of the Permian 
is indicated by a marked variation in thickness of the 
hard yellowish-brown noncherty member that caps 
the Kaibab in the northern part of the Circle Cliffs 
and the gradual disappearance of that member to the 
east and 'south. The maximum observed thickness of 
this ledge-forming member is 37 feet, as measured a 
short d~s.tance west of The Peaks. In the southern 
and eastern part of the Circle Cliffs the Moenkopi 
rests direc~ly on the very cherty zone that underl~es 
the massive hard limestone just mentioned, and· in 
places not much of the. cherty member : remains. 
Where the upper part of the l(aibab appears to have 
been removed by erosion, the lower limy sandstones 
occur proportionally nearer the top of the formation. 
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Where the uppermost Kaibab is miss!ng a light-c'ol
ored ~andstone of uneven thickness commonly occurs 
at the base of the Moenkopi. . 

That the Moenkopi formation rests unconformably 
on the Kaibab or its equivalent has been generally 
re.cognized. by students of the Colorado Plateau stra
tigraphy. The extent and significance of this erosion 
interval has been discussed by Dake 20 and n1ore re
cently by Longwell 21 and others.22 The described ex
posures indicate an extent of the pre-Moenkopi ero
sion surface of n1ore than 80,000 square miles. At 
most places the relief of the eroded Kaibab is small; 
.it was channeled but not deeply incised, and the lowest 
Moenkopi beds maintain the dip and strike of the 
highest strata of the Kaibab. At Spring Mountain, 
Nev., however, the entire thickness of the Kaibab and 
part of the Supai was cut through, and in the Moab 
region the Moenkopi rests with sharp discordance on 
the Cutler.· For the plateau province as a whole the 
evidence suggests a fairly uniform emergence, fol
lowed by a general widespread submergence with lit
tle change in the attitude of the Kaibab beds. As 
pointed oi1t by Gilluly and Reeside,23 "if it is true, 
as has been suggested, that the Coconino and Kaibab 
grade laterally one into the other, the unconformity is 
not necessarily of much importance structurally over 
the plateau province as a whole-that is, it does not 
indicate a period of orogenic activity." 

TRIASSIC FORMATIONS 

~ISTORICAL SKETCH 

Although the great Triassic formations of the 
plateau province are boldly outlined by color and man
ner of erosion, the precise limits and age of the forma
tions are difficult to establish. Most of the many 
unconformities are lo~al; the strata,· especially the 
thinner sandstones, limestones, and shales, change in 
character within short distances along the strike, and · 
fossils are extremely scarce. Naturally, therefore, the 
published descriptions and classifications of the Tri
assic sediments of southern Utah are very dissimilar. 
· Howell,24 in the section of the Mesozoic that he. 
measured in the Paria Valley, assigned to the Triassic 
2,250 feet of strata. In them he included all or part of 
the Wingate and Navajo, the .Chinle, the Shinarump 
conglomerate, and the Moenkopi, as these formations 

20 Dake, C. L., The pre-Moenkopi (pre-Pet·mian ?) unconformity of 
the Colorado Plateau: Jour. Geology, vol. 28, pp. 61-74, 1920. 

21 Longwell, C. R., The pre-Triassic unconformity in southern Ne
vada: Am. Jour. Sci., 5th ser., vol. 10, pp. 93-106, 1925. 

22 Baker, A. A., Dobbin, C. E., McKnight, E. T., and Reeslde, J. B., 
jr., Notes on the stratigraphy of the Moab region Utah : Am. Assoc. 
Petroleum Geologists Bull., vol. 11, p. 796, 1927. 

23 Gillnly, James, and Reeside, J. B., jr., op. cit., p. 65. 
24 HO)Vell, E. E., U. S. Geog. and Geol. Smn•ys \'\r. 100th Mer. Rept., 

vol. 3, pp. 270-272, 1875. 

are now defined. Dutton 25 a.r,plied the term " Shina
rump shales" to the group of strata now recognized 
as Moenkopi, Shinarump, a.nd Chinle formations (in 
part). He has much to say regarding their constant 
character, their color, and their erosion features and 
adds: 

'Vith the exception of the dark iron-gray shales of the Cre
taceous, the -tones of other formations are usually bright, 
lively, and often extremely delicate. In the Shinarump they 
are mostly strong, deep, and so rich as to becou1e cloying. 
Maroon, slate, chocolate, purple, and especially a dark brown
ish red (nitrous acid color) are the prevailing hues. ·=· * • 
The age of the Shinarump is either Permian or Lower Triassic, 
identity with the lower red beds of Colorado and Wyoming is 
unquestionable, [and] the formation therefore covers an are~ 
probably exceeding 250,000 square miles. 

The top of the Shinarump was not determined by 
Dutton, 

owing to the gradual transition into the Vermilion Cliff series 
above. * * * 'Vi thin these (Shinarump) shales there often 
occurs a singular conglomerate. It consists of fragments of 
silicified wood embedded by a matrix of sand and gravel. 
Sometimes trunks of trees of considerable size, thoro{lghiy 
silicified, are found. 

In the Henry :Niountain region Gilbert 26 placed the 
"Shinarump group" at the base of the "Jura-Trias" 
and subdivided it into 

(a) Variegated clay shale, purple and white above and 
chocolate below, and silicified wood, 300 feet; (b) gray con-· 
glomerate with silicified wood, the " Shinarump conglomerate," 
30 feet; (c) chocolate-colored shale, in part sandy, 400 feet. 

· In these descriptions the Chinle formation, the 
Shinarump conglomerate, and the Moenkopi forma
tion are recognizable. All the geologists of the Powell 
and 1\Theeler surveys recognized this threefold divi
sion of the so-called " Shinarump group " and tenta
tively assigned it to the Triassic, basing their con
clusions on the Triassic age of saurian bones and fos
sil plants from the Shinarump. conglomerate, deter
Inined by Cope and Newberry. To these workers the 
Shinarump conglomerate was merely a Inarker in the 
midst of a great thickness of shale resting on a wide
spread platform of Carboniferous lin1estone. No 
doubt has been cast on the Triassic age of the "upper 
Shinarump" (Chinle), but the early prevailing opin
ion that the "lower Shinarump " (Moenkopi) is also 
Triassic was abandoned after Walcott had described 
Permian fossils from shale underlying the Shinarump 
conglomerate. This discovery led to the conclusion 
that the Shinarump conglomerate marked the division 
between the Triassic and the Permian. However, 
fuller know ledge of the relation of the l\1oenkopi to 

25 Dutton, C. E., Report on the geology of the High Plateaus of 
Utah, pp. 144-147, U. S. Geog. and Geol. Survey Rocky l\:ltn. Region. 
1880. 

26 Gilbert, G. K., Report on the geology of the Henry Mountains, p. 6, 
U. S. Geog. and Geol. Survey Rocky l\Itn. Region, 1877. 
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the Shinn.rump above and the ICaibab below and a re
consideration by Girty of the evidence derived from 
fossils cast doubt on the accepted correlation. As sub
divided by Gregory 27 the Triassic included the Chinle 
formation and the Shinarump conglmnerate, and the 
l\1oenkopi was· classed as doubtful Permian. Later 
studies by Girty, however, proved the equivalence of 
the Moenkopi of southern Utah and known lower 
Triassic beds of Idaho. 

The Triassic, then, as now defined, embraces three 
subdivisions-the l\1oenkopi formation, the Shinarump 
conglomernte, and the Chinle formation. The beds 
assigned to the Moenkopi contain fossils of Lower 
Triassic age; the Chinle formation and probably also 
the Shinarump conglomerate are Upper Triassic. 

MOENKOPI FORMATION 

AlmAI, DIS'11UHUTION AND THICKNESS 

In the J(aiparowits region the :Moenkopi formation 
is exposed at Lees Ferry; at Sand "\Vash, near the 
abandoned settlement of Pari a; in the House Rock 
Valley; and at the Circle Cliffs nnd in ndjoining areas 
on .the west flank of the "Vaterpocket Fold. At Lees 
Ferry, where erosion of the folded strata in the Echo 
monocline brings all the Triassic formations into view, 
the l\1oenkopi rests on nn uneven surface of the Kaibab 
limestone and is capped by Shinarump conglomerate, 
which fonns a sharply outlined basal step that may be 
traced for miles southward along the Echo Cliffs and 
southwestward along the base of the Paria Plateau. 
(See pl. 8, A.) At Sand Wash, the northern terminus 
of the J(a.iba.b Plateau, the l\1oenkopi forms the base 
of the Vermilion Cliffs and is well exposed along the 
Pnria-J(annb road. Southward it extends up the 
House Rock Valley as a. much eroded and faulted 
series of beds that coat the flanks of the eastward-· 
dipping J(aibab monocline. (See pl. 4, A.) "\Vest
ward it may be continuously traced to points beyond 
the Virgin River. In the Circle Cliffs· depression ero
sion of the overlying formations has exposed Moen
kopi beds as an almost continuous floor in an oval 
area about 30 miles long and 10 miles wide. From 
this area extensions of the Moenkopi reach outward 
rnclin.lly nlong the stream valleys that cut through the 
encircling J urnssic cliffs. (See fig. 9.) 

The thickness of the Moenkopi differs widely in dif
ferent places. At Lees Ferry it is about 500 feet, and 
sections measured at near-by localities include 390 and 
420 feet of strata.. At Kaibab Gulch and Sand Wash 

m Gr«'gory, H. E., Geology of the Nnyajo country, a reconnaissance 
of parts of Arizona, New Mexico, and Utah : U. S. Geol. Survey Prof. 
I'aper 93, pp. 30-31, 1!)17. See nlso Shimer, H. W., Permo-'l'dassic 
of nOJ"thwestern Arizona : Geol. Soc. America Bull., Yol. 30, pp. 493-
490, ]!)]!). 

nearly complete sections measured, respectively, 490 
and 540 feet. In the Circle Cliffs region the aver~ge 
thickness of the l\1oenkopi is 475 feet, the maximum 
being slightly n1ore than 500 feet and the minimum 
304 feet-a variation ascribed mainly to erosional un
conformities at the top and bottom of the formation. 
Beyond the borders of the Kaiparowits region the 
variation is greater. The type section in the Little 
Colorado V alle)r measures 389 feet, but Miser 28 found 
920 feet on the San Juan Rive~·, and as shown by Ree
side and Bassler 29 the thickness of the l\1oenkopi in
creases westward, reaching its maximum in the Virgin 
River Va11ey, where two sections include 1,775 and 
2,035 feet of strata. At least locally in the Moab 
region the ~1oenkopi is cut out entirely by the uncon-
formity at the base of the Chinle. 30 

· 

LITHOLOGIC FEATURES 

The l\1oenkopi formation at Lees Ferry consists of 
beds that differ little in composition, structure, and 
arrangement from those in the Navajo country, .to the 
south and east. The predominant lithologic features 
are thin brown sandy gypsiferous shale and red and 
brown sandstone with white bands near the top .. (See 
p. 48.) At Sand ."\Vash likewise reddish-brown shale 
and brown sandstone make up most of the section, but 
the lowermost 400 feet is banded with zones and indi
vidual beds of .alternating red and green shale which 
give to the outcrops a strikingly beautiful appearance.' 
This assemblage of beds resembles the Moenkopi of 
the Kanab and Virgin Valleys more closely than those 
of regions south and east of the Paria Valley. 

In the Circle Cliffs the Moenkopi fonnation consists 
dominantly of interlaminated mudstone, sandy mica
ceous shale, and thin-bedded platy or shaly sandstone 
that splits readily along laminae, covering the weath
ered slopes with flaky sandstone chips. "\Vith the 
1nudstone and thin sandstone occur lenses of massive 
fine to n1ediun1-grained sandstone, but grit and con
glomerate, a~ well as true clay shale, are lacking. 

As a whole the rocks of the :Moenkopi formation are 
distinctly weak. and tend to form slopes broken by 
weak benches, some o:f which are barely discernible. 
In some places harder and thicker sandstones that are 
massive locally and weather in large slabs or in thick 
angular blocks form pronounced but generally not 

. very high cliffs. Beneath the protecting cap of hard 
Shinarump conglomerate the upper beds of the Moen
kopi form a cliff that ranges from a few feet to more 
tl1an 100 feet in height. Commonly this cliff 1s re-

I 

:l8 Longwell, C. R., and others, op. clt., p. 17. 
29 Reeside, J. B., jr., and Bassler, Harvey, op. cit .. p. 60. 
80 Baker, A. A .. Dobbin, C. E., McKnight, E. '1'., and Hceside, .1. B., 

jr., op. cit., p. 7g7. · 
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cessed, the massive .Shinarump projeding like a great 
cornice. (See pl. 8, A.) The brick-red color of the 
Moenkopi, in contrast to the light greenish gray of 
the Shinarump, and the etching out of fairly evenly 
spaced thin soft beds in the 1\'loenkopi cliffs contribute 
to the striking resemblance of these cliffs to well-built 
brick houses. Limestone is not abundant, but on the 
south side of this area, near the very ~op of the forma
tion, a few thin beds of very hard, dense, fine-grained 
unfossiliferous limestone are interbedded in the sandy 
shale, and one of these beds, a foot thick, which is 
light bluish gray on fresh fracture and we~thers a 
tannish brown, contin~es with very even thickness for 
nearly a mile. At another point near the top of the 
formation on the west side of the Circle Cliffs the 
~andy beds ·are distinctly calcareous. Gypsum is also 
rare. No interstratified beds of gypsum and little sec
ondary vein gypsum were observed, but small frag
ments of selenite and mineralized· water indicate the 
presence of more or less disseminated calcium sulphate. 
In exposures of the Moenkopi near Capitol· Wash'and 
northward toward Fruita, in Wayne County, only a 
short distance north of the Circle Cliffs, the Moenkopi 
is strongly gypsiferous. In a few places casts of salt 
crystals were observed in the shaly sandstone. The 
oil-bearing beds of the Circle Cliffs and the Water
pocket-Fold belong to the Moenkopi formation. (See 
p. 154 and pl. 31.) 

A characteristic feature of the thin-bedded strata 
is the ·abundance of ripple marks. In many places 
each platy layer is marked with asymmetric ripples 
that measure on the average about an inch from 
crest to crest, and some of the. thicker sandstone shows 
a very fine cross-bedding that is due to migration of 
the ripples. Mud cracks, which generally affect only 
one or two thin layers, appear in some places. 

The dominant color tone of the Moenkopi in the 
Circle Cliffs is a shade of brownish 1naroon or red
dish chocolate-brown, but a considerable part of the 
formation is a very light creamy tan or buff. In parts 
of the red divisions there are thin ash-gray zones. 
These colors are arranged in definite bands and zones 
that follow the bedding and evidently represent origi
nal differences in the character of the deposit, the 
ferric pigments being completely oxidized in some 
parts of the formation, whereas in others there is much 
less iron and this not so well oxidized. The wide dis
tribution and evenness of the banding are rather strik
ing features of any general view of the Moenkopi · 
landscape. (See pl. 7.) 

STRATIGRAPHY 

Sections of the ::Moenkopi were measured at ~ees 
Ferry, Kaibab Gulch, Sand Wash, and the Circle 
Cliffs. 

Section of Moenkop-i formation on south s·ide of Colorado R·iver 
at Lees Ferry 

[Measured by Herbert E. Gl·egory] 

Shinarump conglomerate. 
Unconformity. 
Moenkopi formation : Feet 

5. Shale, arenaceous, and thin fine-grained sand-
stone, banded dark red, brown, and white, in 
alternating beds; calcareous and iron 
cement ; some beds of shale thin as cardboard, 
their foliation surfaces ripple marked, some 
cracked and coated with grains of mica; in
Cludes three· thin beds of sandy, flaky lime
stone; thin veins of gypsum cross nearly 
every square inch of vertical cliff face ; esti
mated,____________________________________ 220 

4. Shale, uniformly chocolate-colored, very sandy, 
in part imbricated and unevenly bedded ; 
many foliation surfaces ar~ sun dried and 
show ripple marks and glistening flakes of 
muscovite; seams of gypsum cross the beds, 
intersecting at different angles; unequal re
sistance of, the strata causes \veathering to 
produce a slope that rises by short-spaced 
steps __________________ ..:.___________________ 160 : 

3. Conglomerate, brown, composed of mud pellets 
and fragments of calcareous shale and of 
sandstone_________________________________ ~ 

2. Shale, yellow, ripple marked, friable ; some lay-
ers separated by thin sheets of gypsum __ _:___ 8 

1. Conglomerate, buff and brown, composed chiefly 
of pebbles and chips of limestone, with which 
are embedded both worn and ang~lar chunks 
of chert as much as 4 inches in 1ength; the 
upper part in places shows nests of poorly 
rounded pebbles of chert, quartz, and quartz
ite less than half an inch in diameter ; lenses 
of gray, cross-bedded sandstone and of yellow 
shale are included; weathers with very 
rough sm'face----------------------------~ %-8 

Total Moenkopi formation_______________ 390-t 
Unconformity. 
Kaibab limestone. 

The Moenkopi formation at Kaibab Gulch is not 
well displayed for study; parts of it are covered, 
other parts are dissected into badland mounds, and 
the steeply dipping strata are locally faulted and in 
places coated with debris from landslides. The incmn
plete section is here included for comparison with 
sections measured to the south at Lees Ferry and 8 
miles to the north at Sandy Wash. 

Sect·ion of jJfoenkopi formation at Ka·ibab Gulvh, Utalb 
" [Measured by Herbert E. Gregory] 

Shinarump conglomerate. 
Unconformity. 
Moenkopi formation: Feet 

15. Shale, brown, lumpy, sandy, gypsiferous, with 
five beds 1 to 3 feet thick of brown' friable· 
sandstone---------------------------------- 60 
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Mot>Bkopi formnt:ion-Continnetl. Feet 
14. Snn<lst:one, red, finl{~\ imbricated; contains mnd 

lumps :mel snlt pseudomorphs________________ 2 
13. Shnle, light red, interstrntified with buff and 

white resistant beds ::md lenses of cross-bedded 
sn ndstone ; forms steep slope________________ 56 

12. Shale, brown and drab, s:mdy; very gypsifer-
ous nenr base; weathers to hndl:md knolls 
strenkecl with remarkably regnlnr bnnds of 
brown, green,' and grllY--------------------

11. Covered, probably reel shale __________________ _ 

10. Lim"'stone, buff, arenaceous, in places shaly; 
eonf·nins undetcrminnble shell fragments ___ _ 

D. Shale, chocolate·brown and reeL_. _____________ _ 
8. Shnle, red and green; white gypsum in regular, 

even beds--------------------------------~--
7. Shnle, brown, .with much gypsum in seams nnd 

disseminated grnins ________________________ _ 

G. Snndsf·one, brown, in beds less than. 7 feet thick, 
nnd sandy shnle, unewnly bedded, lenticulnr ;. 
contnins thin beds of gypsum _______________ _ 

G. Shnl<?, brown, in regnlnr beds----...,-------------
4. Shale, brown, with snndstone lenses, gypsum and 

lime cement_ _______________________________ _ 

3. Snndstone, clark brown, in he~ls 1 to 4 feet thick, 
alternating with sandy l:lhale. All beds highly 
irregulnr and uneven; cross-bedded, lumpy; 
surfnces of overlnpping laminne abundantly 
marked with mud cracks, ripple marks, worm 

183 
50 

2 
16 

1 

38 

40 
4 

33 

trails, n nd flakes of mica·; forms slab talus____ 23 
2. Shales, dnrk brown, glistening with mica; bed is 

wavy ; breaks into hard, sharp-shaped 
flakes------------------------------------- 4 

1. Conglomerate, composed of flattened pellets of 
grny-bufe limestone, red shale, sandstone, and 
quartz, nrrnnged ns lenses in shnle and as 
<:t'OSR-bedcled . coarse calcareous sandstone 
coated with Ghunks of quartz_ .. ______________ 1-4 

Total Moenkopi formation________________ 514 

UnconformHy. 
Knibab limestone: 

At Sand Wash the upturned beds that form the base 
of the 1\{oenkopi have been beveled by erosion and 
partly buried in debris; some of them have been dis
turbed by landslides. In general the exposure re
sembles the Moenkopi outcrops in the Kanab Valley. 
The lowest beds are brown thin sandstone and ripple
mnrked and sun-dried shale. These beds are followed 
upward by 4 to 6 feet of yellow earthy limestone and 
about 500 feet of·sandy, very gypsiferous, very thinly 
laminated shale, strikingly banded by zones of red 
and green. Above this banded shale lies about 75 
feet of reddish shale, sandy and slighly gypsiferous, 
nnd about 20 feet of reddish-brown shale interbedded 
with massive sandstones 1 to 3 feet thick. 

In the west part of the Circle Cliffs, in the eastern 
pnrt adjacent to the Waterpocket Fold, and in the 
central part near The 'Peaks exposures of the Moen
lwpi inch1de all the beds from the top to the base of 
the formation. The following sections are typical of 
the Circle Cliffs region as a whole:. 

Section of Shhwnunp conglomerate ana 11.pper pa-rt of Moen
'kopi fonna.Uon on 1cest sicle of Oi.1·cle Cliffs bet.weon Horse 
01·e(::k ana. Tlle Peaks, Garfield Oom!.f?J, Uta-h 

[Measured by Raymond C. l\Ioore] 
Feet 

Shinarump conglomernte ____________________________ 46-60 

Moenkopi formation: 
19. 

18. 

17. 

16. 

15. 

14. 

13. 

12. 

11. 

Shale, chocolnte-brown, very sanlly, grading 
into shaly sandstone, more calcnreous above_ 7 

Sandstone, chocolnte-brown, tltin bedded, 
ripple marl\:ed, and cross laminated________ 3 

Shale, chocolate-brown, very sandy ; . grades 
into thin shaly sandstone, micaceous_______ 5 

Sandstone, chocolate-brown, bard, sbaly to 
platy; forms slight projecting ledge________ 1 

Shale, brown, sandy, grading to thin shaly 
sandstone; weathers as slope______________ S 

Sandstone, chocolate-brown, hard, platy; 
forms a ledge ---------------------------- 1 

Shale, chocolnte·brown, sandy; grades to 
shaly sandstone-------------------------- 22 

Sandstone, chocolate-bro\vn,· thin bedded; lo
cally weathers massive and forms a promi
nent projecting ledge, ripple marl~ed and 
laminated ; contains shaly zones___________ 5 

Shale, chocolate-brown, sandy, micaceous, 
with thin seams and beds of soft sandstone; 
in. upper part contains thin beds of shaly 
sandstone________________________________ 46~ 

10. Sandstone, light greenish gray, platy, fine 
grained, micaceous, with large asymmetric 
ripple marks; produces a slight bench______ 1h 

9. Shale, chocolate-brown, s a n d y ; contains 
abundant thin beds of shaly sandstone that 
weathers in thin chips and platy slabs; 
forms gentle rounded slope in which mica-
ceo~ls material is abundant_______________ 27 

8. Sandstone, brown, with thin light-gray bands, 
platy, with thin beds of shale between 
harder layers, very micaceous, ripple 
marked; top layer very hard nnd slabby____ 2~ 

7. Shale, chocolate-brown, sandy, with thin yellow 
and brown beds of sandstone that make 
~igbt benches____________________________ 56 

6. Sandstone, light yellow, stained red on out-
crop, very massive, hard; forms projecting 
\vall_____________________________________ 50 

5. Sandstone, light yellow, massive; Weathers in 
thin plates; grades to shaly sandstone; 
forms bench----------------·-------------- 12 

4. Shale, chocolate-brown, sanely. micaceous_____ 40 
3. Sandstone, light yellow, locally stained red 

on outcrop, n~assive; grades locally into 
shaly or thin-bedded sandstone; forms 
prominent uench ------------------------- 160 

2. Sandstone, yellow, very sbaly; grades to 
sandj shale______________________________ 5 

1. Sandstone, yellow, calcareous, micaceous, mas-
sive but thinly laminated, with ripple bed-
ding, grades to shaly sandstone; exposed___ 4 

(Top of Kaibab limestone 35 feet more or less 
below.) · 

Total Mot-nkopi formation measured____ 456 

492 
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Practically. all the beds in the foregoing section 
thicken or thin along the strike, and some of them dis
appear within relatively short distances.· The color 
divisions are persistent and appear to follow definite 
bedding planes. The uppermost 185 feet is chocolate-

. brown, whereas, ·with the exception of about 40 feet, 
the lower 270 feet is light creamy yellow. Some of the 
massive sandstones included in the lower ·di':ision are 
pinkish red. 

Section measured just ·west of point wl/)ere Muley Twist 
(Green· River) 'road enters canyon through cliffs on east 
side 01f C·ircle Cliffs, Garfield County, Ut·ah · 

[Measured by Raymond C. Moore] 
·Triassic: 

Shinarump conglomerate-
. 7. Sandstone, bluish gray, in places bhick from 

contained bitumens, massive, medium to 

Feet 

coarse grained ___________________________ 20-40 

Moenkopi formation-
6. Shale, maroon to chocolate-brown, very 

sandy, and thin J?laty sandstone; weathers 
in slope_________________________________ 150 

5. Sandstone, gray, weathering brown, in beds 
2 to 6 inches thick, separated by 8 to 12 
inches. of sandy shale____________________ 9 

4. Shale, yellow .:md gruy, sandy; forms slope; 
about 23 feet above base a bed of hard 
shaly, very calcareous fine grained gray-
brown sandstone appears_________________ ·50 

3. Shale, light yellow, very sandy; grades into 
shaly sandstone and soft sandstone; weath
ers massive, especially upper 15 to 20 feet, 
which weathers as a rim rock; the sand
stones are saturated with oil and are in 
part stained black_______________________ 90 

2. Sandstone, pink and brown; grades to sandy 
shale; bedding very irregular, fine grained; 
parts of the division rather massive, parts 
in very thin beds, variabie_______________ 118 

1. Sandstone ; upper part brown, hard, limy ; 
lower part gray, soft, and somewhat 
~:.haly -----------------------------------___ 8 
. Total Moenkopi formation______________ 425 

Permian: 
Kaibab limestone. 

In gener.al chara.cter the ~Ioenkopi shown in this 
section is not essentially different from that in ex
posures farther west, except that the upper part of 
the formation seems to be somewhat less resistant to 
erosion and uniformly makes slopes, and· that the 
lower part includes 1nassive sandstones, some of which 
are strongly petroliferous. 

Section of Moenkopi tonna.tion measure a -im, oanyon no·rth of 
The Pealcs, nortllrwest of Wagonbom Mesa, C·ircle CUffs, Gar-
field County, UtaT" · 

['Measured by Raymond C. Moot•e] 
Triassic : li'eet 

Shinarump conglomerate------------------------ 50-150 

Unconformity. 
Moenkopi formatiou-

10. Shale, maroon, sandy; contains man.r 
pnper-thin sandstone layers; grades to 
yellow in upper 15 feet_________________ 50 

Triassic-Continued. 
Moenkopi formation-Continued. Feet 

Permian: 

9. Sandstone, yellow, fine grained, soft; weath-
ers rather shalY------------------------ 3 

8. Shale, maroon, with thin shaly sandstone___ 39 
7. Sandstone, buff; brown, and gray ; fine 

grained, thin bedded, in layers to 4 inches 
thick----·------------------------------ 8 

6. Shale, yellowish brown, sanely------------- 26 
5. Sandstone, pink to maroon, thin bedded, 

with a few ·massive layers as much as 16 
· inches in thickness at intervals; inter

bedded with shale, very sanely; uppet· part 
yellow-brown~-------------------------- 48 

4. Sandstone, gray and light pink, fine grained, 
hard; weathers brown and light gray, in 
beds 2 inches to 1 foot thick, but in fresh 
exposures beds appear very massive, upper 
part. more reddish than lower; ordinarily 
well exposed ---------------------------

3. Sandstone, red, with thin sanely shale inter-
bedded, medium to massive bedding _____ _ 

2. Sandstone, light brown and yellow to pin!.:, 
ver.r thin bedded, platy, abundant ripple 
marks ; grades locally to shale ; weathers 
reddish brown; forms slopes ____________ _ 

1. Shale, pink to red, sandy ; contains thin 
beds of platy sandstone; weathers in 
slopes _________________________________ _ 

42 

31 

36 

21 

'l'otal l\foekopi formation_____________ 304 

Kaibab limestone. 

The diminished thickness of the Moenkopi in the 
region of The Peaks appears to be due to a decrease in 
thickness of the upper chocolate-colored zone. This 
decrease is ~ccompanied by a corresponding increase in 
the thickness of the massive Shinarump conglomerate, 
to which the preservation of the outliers of the Shina
rump called The Peaks ~s partly due. 

AGE AND CORRELATION 

In the absence ~f satisfactory faunal evidence the 
age of the Moenkopi formation in the l{aibab region 
can not be directly determined. Correlation with the 
type Moenkopi of the Little Colorado Valley, Ariz., is 
based on lithologic character and stratigraphic posi
tion.· The formation lies between umnistakable 
Kaibab limestone and Shinarump conglomerate, from 
which it is separated by evident unconformities. 
There is no doubt that the Moenkopi of Lees Ferry, 
Kaibab Gulch, Sand Wash, and the Circle Cliffs is 
part of a widely extended formation that lies at the 
base of the Triassic. 

In the older geologic literature of the plateau prov
ince a series of chocolate-colored shales was recognized 
as the lower division of the." Shinarump group," 
-\vhich was assigned to the Triassic. To equivalent 
strata· in the Painted Desert )V ard 31 applied the 

31 Ward, L. F., Status of the Mesozoic floras of the United States : 
U. S. Geol. Survey Mon. 48, pt. 1, pp. 18-19, 1905. 
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ter.·n1 Moenkopi formation and described its constitu
·cnt ~nembers in these general terms: " It is very prob
able that the lower portion of the Moenkopi beds 
belongs to the Permian." To permit comparison based 
·On measured sections the :i\1oenkopi was redefined by 
·Gregory,32 and its features as shown in the Little 
Colorado Valley, the San Juan Valley, and the Defi
ance Plateau were described in some d,etail. The 
Moenkopi of southwestern Utah is discussed by Ree
.side and Bassler,33 who found that west of the l(aibab 
Plateau the Moenkopi attains a thickness much greater 
than at the type locality and is divisible into five per
sistent n1embers, together with a discontinuous unit at 
the base of the formation, as follows : 

Sect·ion ot the l'tfocn.Tv01Ji formation ·u.:est of the Kai.ba.b Pla.tea·tt 

[From Rceside and BnssleL·] 

{). Uppet· red beds; brick-red, deep red, and brown 
shale and sandstone; locally massive beds of 

Feet 

yellow medium-grained sandstone-----~------- 47G± 
5. Shnablmib shnle member; gray to white sandy 

shnle and soft sandstone with some pink layer:-5 
nnd much gypsum----~---------------------- 360-630 

4. Middle reel beds similnr to No. 2. 
3. Virgin limestone member; enrthy yellow limestone 

sepnrated by yellow and red calcareous shale __ 

2 . {~~;;:~~~~~~-~~~~~ ~·~~- ~: -~t~o_':~l- :~'~)~~~~~~~~ _s~~~~~~ 
1. Hock Canyon conglomerate member (absent at 

some localities) ; nn assemblage of shale, lime-· 
stone, gypsum, conglomerate of limestone and 
rhert boulders, and a minor amount of sand-
stone. 

11-160 
360± 

0-288 

In the Virgin River Valley the Rock Canyon con
glomernte and the Virgin limestone .member are char
acterized by a marine fauna of Lo\ver Triassic age. 
As 1nensured by Lee,34 shale and fossiliferous lime
stone equivalent to the Virgin member attain a thick
ness of 350 feet near Cedar City, and Longwell 35 de
scribed the lower half of 1,200 to 1,600 feet of :Moen
kopi in the Muddy Mountains as marine limestone. 
In the Spring Mountains of N evnda the marine por
tion of the Moenkopi is about 600 feet thick.· 

Of the subdivisions established by Reesicle and 
Bassler the Rock Canyon conglomerate appears 'to be 
represented by the assemblage of miscellaneous mate
rials that is immediately associated with the l(aibab
Moenkopi vnconformity at most locaLities in Utah, 
Arizona, and Nevada. A basnl conglomerate, com
posed largely of chert fragments derived from the 

ru~ Gregot·y, H. E., Geology of the Nuvnjo countt·y: U. S. Geol. Survey 
Prof. Paper 93, pp. 23-31, 1917. 

88 Reeslde, J. B., jr., nnd Bnsslet·, Hm·vey, Stratigrnpilic sections in 
southwestern Utah and northwestern Arizona: U. S. ~I. Sm·vey 
Prof. Paper 129, pp. 59-62, 1922. 

3·1 Lee, W. •.r., The Iron County coni field, Utah: U. S. Geol. Survey 
Bull. 310, p. 362, 1907. · 

811 Longwell, C. R., Geology of. the :\Iuddy Mountains, Nev. : Am. 
Jour. Scl., 5th ser., vol. 1, p. 48, 1921; U. S. Geol. Sut·vey Bull. 7!)8, 
pp. 43-52, 1928. 

1\:aibab, marks the base of the Moenkopi at Lees 
Ferry. An attenuated representative of the Virgin 
limestone member which is included in a section meas
ured at Sand '\'Vash and a thin unfossiliferous lime
stone at Lees Ferry may be equivalents. The Shnab
kaib member has been traced from the l(annb Valley 
to the Paria River. (See pl. 7, .A..) East of the Paria 
·and south of Glen Canyon detailed correlation with 
the beds characteristic of the Moenkopi of the Virgin 
River Valley is difficult; members that are prominent 
in that valley are absent or at least inconspicuous in 
this area. It is probable that the Moenkopi of the 
Kaiparowits region represents only a part o.f that pre
served in areas farther \vest. Likewise detailed cor
relation of subdivisions in the ~1oenkopi at Lees Ferry, 
Sand ''rash, and the Circle Cliffs with beds of equiva
lent age east of Glen Canyon can not be made with 
assurance. 
· In sections measured by Longwell and Paige along 

the Colorado River below Cataract Canyon the Moen
kopi formation, which has a maxirnum thickness of 
830 feet, includes three distinct subdivisions. The 
lower division, about 400 feet thick, consists of regu
larly bedded red and maroon sandstone and sandy 
shale with a layer of gray conglomerate at the base. 
The middle division is a coarse gray cross-beddecl 
sandston~ a few inches to 60 feet thick. 

The upper division, which is limited at the top by an 
erosional unconformity, comprises 350 to 400 feet of 
chocolate-colored, .red, and gray sandstone. Recent 
investigations of Reeside. 36 and others indicate the 
probability that only this upper division is ~1oenkopi 
and that the underlying red shale and sandstone belong 
in the Permian. The Crescent Creek section includes 
a "few bands of dense gray lin1estone" 100 feet from 
the top, and calcareous shale is recorded at Trachyte 
Creek and Twomile Canyon. East of the Colorado 
River the massive cross-bedded sandstone exposed in 
the walls of upper Glen Canyon continues as a char
acteristic feature of the Moenkopi and gives to the 
formation an appearance quite unlike that in the Little 
Colorado, Paria, Kaibab, and Virgin Valleys. 

The deter1nination of the Virgin limestone member 
as· of Lower Triassic age, corresponding to the M eeko
ceras zone of southeastern Idaho, and the correlation 
by Gilluly and Reeside 37 of the Moenkopi of the San 
Rafael Swell with the 'V' oodside, Thaynes, and An
kareh formations of the Uinta ~1onntains-all recog
nized as Lower Triassic-1nake it reasonable to assume 
that all the beds mapped in the l(aiparowits region as 
~1oenkopi are of that age. The beds that confor1nably 
underlie this fossiliferous zone appear to belong 
clearly to the same time interval, and they are sepa
rated by a well-marked unconformity from the under-

oo Personal couuuunicntiou. 
37 Gilluly, James, and Hecside, J. B., jt·., op. cit., p. t1G. 
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lying Permian Kaibab lin1estone. In the K?.iparowits 
re(J'ion where the evenly bedded Moenkopi does not 
co~tai~ marine fossils but where very similar litho
lo[!"].c and stratigraphic relations are found, it seems 
ve~y probable that these rocks correspond in age and
should be referred accordingly to the Lower Triassic. 

Near.Fruita Wayne County, Utah, fossils were col-' . Iected from sandy limestone beds in the Moenkopi. 
These fossils were identified by G. H. Girty as follows: 

Myalina n. sp. 
F;~eudomonotis? n. sp. 
Astartella? sp. 
Holopea? sp. 
Ostracoda? 

Myalina sp. 
Bakewellia? sp. 
Pleurotomnria? sp. 
Naticopsis? sp. 

The lower portion at least of the ~1oenkopi exhibits 
a regularity of bedding and uniformity of tex~ure 
that stron(J'ly suggest deposition in a large body of 
water. A,

0 

withdrawal of the sea, accompanied by 
more or less erosion and the occurrence of more ·or 
less widespread continental deposition, is. indicated 
by the hiatus in ·the Moenkopi and the character of 
the upper beds of the formation in different parts of 
southeastern Utah and the Navajo country. · After 
Moenkopi time there was widespread erosion, which 
partly beveled the soft Moenkopi strata and in places 
carved distinct erosion channels in them. The sub
sequently deposited Shinarump constitutes a very 
'"'idespread thin veneer, which covers this erosion sur
face and fills its depressions. It appears that in the 
Circle Cliffs the erosion preceding the Shinarump 
epoch cut deeply into the ·Moenkopi, removing all of 
the upper continental beds laid down here. 

MOENKOPI-SHINARUMP EROSION INTER VAL 

After the deposition of the Moenkopi red beds there 
was an interval of erosion that affected a very large 
part of the plateau country, as is indicated by the 
widespread evidence of removal of parts of the Moen
kopi beds, the beveling of these beds, the carving of 
erosion channels, and the· very marked change in the 
nature of the sedimentation that preceded and fol
lowed the erosion. 

In several parts of the Circle Cliffs the study of the 
contact between the Moenkopi and Shinarump shows· 
that the dip of the Moenkopi rocks is slightly differ
ent fron1 that of the Shinarump. The conglomerate 
and coarse grit of the Shinarump extend more or less 
evenly across the slightly· upturned and smoothly 
beveled lower strata. An erosional unconformity is 
easily demonstrated. In very many places erosion 
channels 50 to 100 yards in width and 20 to 100 ·feet 
in depth, carved in the Moenkopi beds, are filled with 
the massive grit of the Shinarump, and the abrupt 
change in the character of material along uneven sur
faces is everywhere characteristic. The Shinarump 
may be considered a " basal conglomerate " for the 

overlying se1·ies of shale, sandstone, and limestone, 
whiPh constitute the Chinle formation. 

SHINARUMP CONGLOMERATE 

The conglomerate that was originally described by 
Powell 38 as the middle member of his "Shinarump 
group" (Triassic) has been noted by nearly all wor~
ers in the plateau province. A special study of tlns 
unusual formation ,,·as made by Gregory.39 In New 
Mexico, Arizona, Utah, and Nevada the exposures of 
the Shinarump conglomerate are remarkably alike; 
the beds exhibit the same range of thickness, texture,. 
and composition, and at nearly all places form re
sistant benches bebYeen series of friable shales. The 
westernmost outcrop of the Shinarump is in the Spring 
~~1ountains, Nev. 4° From this area it may be traced 
eastward through the Muddy Mountains,. along the 
Vermilion Cliffs, across the '\i\T aterpocket Fold and 
Glen Canyon to eastern Utah, where it forms the 
plateau summit of Elk Ridge. In the l(aiparowits 
region the Shinarump conglomerate is represented _in 
sections measured at Lees Ferry, at places near Pana, 
and at the Circle Cliffs. (See pp. 49, 50.) At Lees 
Ferry the Shinarump cop.sists of 45 feet of m_uch cross
bedded, very lenticular gray conglomerate, and in
cludes lenses of sandstone of different textures. The 
pebbles of quartz and quartzite, as much as 2 inches in 
diameter are in contact with one another and also 
arranged' as chains of pebbles embedded in sandstone. 
Fossil ,vood is abundant; three logs more than 50 feet 
in le~gth, one of them 2112 feet in diameter, appear 
near the top of the formation. At Sand Wash and 
Kaibab Gulch, where the Shinarump conglomerate is 
30 to SO feet thick, large pebbles are rare and the 
formation consists essentially of coarse white. cross
bedded con(J'lomerate and gnarly lenticular sandstone, 
toO"ether wi~h much fossil wood. At the Circle Cliffs 
th: Shinarump is present as gray, irregularly cross
bedded, massiYe sandstone, without prominent co~
O'lomerate lenses or abundant petrified wood, and It 
differs 1nuch from place to place in thickness, texture, 
beddinO' composition, and color. West of the South 

O) • l b Fork of Silver Falls Creek the rock is grayis 1- rown, 
irre(J'ularly bedded massive sandstone which shows thin 
eros~ lamination and contains bluish sandy shale in its 
middle part. , Near The Peaks the body ~f the rock is 
fine-O'rained massive sandstone that contains beds and 
lens:S of con(J'lomerate. Most exposures of the Shina-

o f rump in the Circle Cliffs area include a lower so· t, 
massive sandstone bed, a middle group of greenish-

as Powell, J. w., Report on tbe geology of tbe eastern portion of tbe 
Uinta Mountains, pp. 53, 68-69, U. S. Geol. and Geog. Survey Terr., 
2d div., 1876. 

39 Gregory, H. E., The Shinarump conglomerate: Am. Jour. Sci., 
4th ser., vol. 35, pp. 424-438, 1913; Geology of the Navajo country: 
U. S. Geol. Survey Prof. Paper 93, pp. 37-41, 1017. 

•o Gregory, H. E., and Noble, L. F., op. cit.· 
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gray shale, and an upper massive cross-bedded sand
stone that forms a resistant ledge .. "Desert varnish" 
is common. In addition to fossil )VOOd some folia
tion surfaces display impressions of ferns. vVithin 
distances of less than a mile at the head of Halls Creek 
and along Capitol Reef 'Vash the Shinarump ranges 
in thickness from less than 30 feet to more than 100 
feet and in texture grades from medium-grained to 
coarse sandstone. Locally near· Paria and south of 
Fruita, in Wayne County, the Shinarump is wanting. 
In general the texture of the Shinarump along the 
Wuterpocket Fold and northward is finer grained than 
at localities in northern Arizona. Pebbles that exceed 
1 inch in diameter are rare. The same condition pre
vails in exposures about the Henry Mountains. 

Scotion of Sh·inar1tn~tJ conglontera.te northeast of Wagonbom 
Jlf C8(t in the O·in;le Ol·iffs, Garfield Oo·ttnt·y, Utah 

[l\Iensut·cd by Ruymoud C. l\Ioot·e] 

Chinle formation: 
9. Brown, blue, and t>Urple sandy shale; forms 

slope. 
Shinarump conglomerate: 

8. Brown massive bard ripple-marked cross-bedded 
sandstone; weathers dark lJI.·own iu large ::mgu
lar blocks; disintegrates gradually along thin 
irregular cross laminae; contains cycad leaves, 

Feet 

of which a collection was obtained____________ 472 
7. Light greenish-blue sandy shale; weathers in 

slope _______________________________________ 15 

6. Yellowish-brown platy ripple-marked cross-bedded 
sandstone, in beds 3 inches to 2 feet thick, with 
alternating soft sandy shale and shaly sand-
stone--------------------------------------- 8 

5. Light greenish-blue sandy shale; contains thin 
lenses and beds of shnly sandstone that grade 
locally to beds of ripple-marked cross-bedded 
platy sandstone 172 feet thick; this division is 
cross-bedded also on larger scale, and thin beds 
of sandstone slope obliquely downward_______ 19 

4. Yellow soft massive sandstone, with hard yellow
ish-brown capping rim rock 1 foot thick, ruther 
evenly bedded------------------------------- 7 

3. Light greenish-blue sanely shale_________________ 5 
2. Soft massive, irregularly bedded sandstone, light 

creamy yellow to nearly white, locally with 
brown patches on weathered surface __________ 3-4 

Total Shinarump conglomemte_____________ 62 
Moenlwpi formation : 

l. Chocolate-brown samlstone and sandy shale ; 
forms slope. 

The age of the Shinarump conglomerate is deter
mined chiefly by its stratigraphic position. It lies 
~etween the Lower Triassic Moenkopi formation and 
the Upper Triassic Chinle formation .. Fossil conifer
ous wood of species characteristic . of the Chinle is 
abundant. Fragments of fossil cycads from the area 
northeast of W agonbox Mesa (bed 8 in section above) 
are described by Berry 41 as Otoza1nites, powelli, 

~1 Bcn-y, E. W., Cycads in tbe Shinat·um[l conglomemte of southern 
utuh: Washington Acnd. Sci. Jour., vol. 17, Pll·. 30:J-307, 1927. 

" identical with what Fontaine called Zamites 110welli 
from Abiquiu." 

CHINLE FORMATION 

DEFINITION, AREAL EXTENT, AND THICKNESS 

As defined by Gregory,42 the Chinle formation in
cludes the group of shales, "marls," thin soft sand
stones, and limestone conglomerates lying between the 
Shinarump conglomerate and the Wingate sandstone. 
This interesting assemblage of strata has been traced 
from the Dutton Plateau, N.Mex., across the Navajo 
country to Lees Ferry, and along the Vet:milion 
Cliffs into southwestern· Utah. It reappears in the 
Muddy Mountains and Spring Mountain, Nev., west 
of which no outcrops have been discovered. The 
formation is exposed in upper Glen Canyon, at the 
San Rafael Swell, and eastward .. to Grand Junction. 
Along the San Juan Valley it may be traced well into 
Colorado. The Bears Ears and W oode.n Shoe Buttes, 
the culminating points· of Elk Ridge in San Juan 
County, Utah, are erosion remnants of Chinle :shales 
nnd sandstones. 

Throughout most of the l{aiparowits· region the 
formation is concealed by younger rocks, but deforma
tion of the beds along the Echo Cliffs, the East Kaibab 
monocline, and the Waterpocket Fold has permitted 
streams to cut deeply into the overlying beds and to 
expose in some places part and in other places all of 
the Chinle. The Chinle is well displayed on both 
sides of the Colorado River at Lees Ferry; it forms 
the borders of the basin in which the old village of 
Paria is placed; it is exposed in Glen .Canyon below 
the mouth .of Halls Creek; and complete and partial 
sections are revealed in canyons cut into the western 
Hank of the W aterpocket Fold between the Escalante 
River and the north rim of the Circle Cliffs. 

Records show that the. Chinle is thickest in north
eastern Arizona and southwestern Utah. At its type 
locality, the Chinle Valley, 1,182 feet of strata are ex
posed. In the Lees Ferry region measurements of 
400, 520, 980, and 1,000 + feet are reported, and at 
Virgin City a section includes 995 feet. In south
eastern Utah measured sections give 592 feet in Paria 
Valley, 474 to 593 feet along the Waterpocket Fold, 
320 to 393 feet in upper Glen Canyon, and 830 feet 
in the San Juan Canyon. Some of the variation in 
measurements, especially at Lees Ferry, results ~rom 
differences of opinion regarding the division to be 
established between the Chinle and the Wingate, but 
the evidence shows that the ~ormation is thinner in 
the l{aiparowits region than in areas to the south
east and west. How much this thinning is due to 

42 Gregory, H. E .• Geology of the Navajo country: U. S. GcoL Sun·ey 
l't;of. Papet· !):.~. p. 42·, 19'17. 
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smaller original thickness and how much to the ero
sion that preceded the deposition of the Glen Canyon 
group of sandstones remains to be determined. . 

TYPICAL SECTIONS 

The stratigraphy of the Chinle formation in areas 
that border the Kaiparowits region is shown in sec
tions measured by Longwell 43 in upper Glen Canyon, 
by Gregory 44 in the Navajo country, by Miser 43 in 
the San Juan Canyon, and by Reeside and Bassler 45 

in the Virgin River Valley. For the 1\:aipa.rowits re
gion Moore 43 has published sections measured ·at the 
head of Halls Creek and in the Circle Cliffs. The fol
lowing additional sections are typical of the Chinle 
exposures between the. Grand Canyon and the Wate~
pocket Fold : 

Section of lo1.cer pm·t of Chinle f01'1nation on cast si:dc of Palf'·ia 
R'ive1· at Lees Ferry 

[Measured by Herbert E. Gregor~·] 

Chinle formation: 
21. s'andstone, light red and buff, fine even grains, 

cross-bedded on minute scale, in beds 10 to 
40 feet thick; extends upward as m·assive 
cross-bedded sandstone to the top of the can-
yon wall. 

20. Shale and sandstone, light red and gray, in al
ternat~ng series .of shale beds 6 _inches to 6 
feet thick and sandstone beds 1 to 5 feet 
thick ; unevenly bedde~ ; all more or less 
cros:Ybedded; contain short ·lenses of flat
tened clay balls; calcnreous; few saurian bone 
fragments; some foliation surfaces ripple 

Feet 

marked and sun baked _____________________ 110 

19. Shale, da·rk red, very thin, calcnreous; some 
foliation surfaces ripp~e marked ______ ..:~----- 1 

18. Sandstone, l~gllt retl, imbricated, cnleareous; 
contains flakes of mica, small quartz pebbles. 
nnd crystals of gypsum_____________________ 2 

17. Shale, buff, sandy, calcareous ________ --·------- % 
16. Sandstone, green-white, massive, cross-bPdded__ 1 

15. Shale, red and gray; strata as thin as paper, 
wavy; ripple marked_______________________ 1h 

14. Limestone and limestone conglomerate, pink. 
green ; concreti<;mary limestone pP.hbles iu 
eight lenticular beds 4 inches to 3 feet thicl~ : 
contains saurian bones weathered into pink 
spongy mounds _____________ .:__~------------- !:!2 

13. Sandstone, "banded," white and brown, len-
ticular, friable------------------------- 4 

12. Shale and "marls," pink, lavender, and ash
gray ; contains lenses of limestone conglom
erate and of fine-grained brown sandstone and 
some petrified wo'od________________________ 3(1 

' 3 Longwell, C. R., Miser, H. D., Moore, R. C., Bryan, Kirl•, and 
Paige, Sidney, Rocl• formations in the Colorado Plateau of soutbeast
er·n Utah and nortb~rn Arizona: U. S. Geol. Su,rvey Prof. Paper 132, 
pp. 17-23, 1925. ' . ' 

44 Gregory, H. E., op. cit., pp. 43--45. 
46 Reeside, J. B., jr., and Bassler, Harvey, Stratigraplric sections in 

southeastern Utah and northwestern Arizona:" ·u. S. Geol. ·survey 
I'rof. Paper 129, p. 73, 1922. : · 

Chinle formation-Oontinue~l.. Feet 
11. Limestone con~lomerate, brown; pebbles size of 

pea!? cemented by lime and iron ____________ _ 1 
10. Shale, red and green, lenticular; weathers as 

" marl" ____ :________________________________ 6: 

9. Limestone conglomerate, brown, nodular ; con
tains saurian bones and some petrified wood___ 4 

8. Shale, purple-green, sandy, calcareous; contains 
limestone pellets, quartz pebbles, and lenses 
of loosely cemented sandstone_______________ 6 

7. Limestone conglomerate, brown; weathers into 
concretionary nodules-----------------~---- 2 

6. Shale and "marl" like No. 3------------------ 4 
5. Sandstone, brown ; fine grained; weakly ce-

mented with lime and iron__________________ 1 
4. Shale, brightly colored, yellow, green, lavender, 

purple, red, pink, gray, blue, and white; highly 
irregular in bedding, composition, and texture; 
a series of sandy calcareous shale, calcareous 
sandstone, and impure limestone ; includes 
runny lenses of limestone conglomerate, soft 
sandstone, and clay mud balls, also balls of 
quartz sand, pebbles of quartz, chalcedony,. 
jasper, and ironstone, and veins and scattered 
crystals of gypsum; petrified woo'd occurs as 
l·hips, blocks, and logs ; a few bones and teeth 
of saurians and broken Un·io shells; weathers 
into rounded knolls with spongy powdery sur
face, locally called marL___________________ 56 

3. Snndstone, dull gray-brown, iri'egularly banded 
with black streaks; lenticular; cross-bedded; 
fine grained; weakly cemented with lime____ 23 

2. Shale, pink, purple, blue-green, red, calcareous ; 
contains aggregates o'f sand, lumps of blue
green clay, and thin lenses of cross-bedded 
sandstone ; gypsum present as thin short beds, 
veins, and detached crystals;. weathers to 
"marl"------------------------------------

1. Shale, grny; very thin bedded, sandy and cal
em·eous; some foliation surfaces hard baked, 
glistening, and ripple marked ______________ _ 

Unconformity. 

10 

8 

298+ 

Shinarump conglomerate; contains logs that exceed 80 feet in 
length. 

General·izell seoUon ot Chinle (01'1n0Jtion 3 miles west of Paria 
vi.ll(l.ge 

[Measured by Herbert ·E. Gregory] 

Sandstones of Glen Canyon group. 
Chinle formation: 

5. Sandstone and arenaceous shale, light red, green
white nnd yellow; strata 2 inches to 5 feet 
thick, very irreb'1llarly bedded ; fine grained ; all 
calcareous; contains many lenses of mud flakes 
and limestone conglomerate, also strings of 
small quartz pebbles; weathers into mesas and 
box-headed canyons------------------------~-

4. Shale and "marl," brightly colored, variegated, 
calcareous;. includes many lenses of concretion-
ary limestone conglomerate, some lenses of 
brown imb_ricated sandstone, and stringers of 
qu~rtz grains; about 80 feet below the top oc-
cur thin beds of gypsum, and 50 feet from the 
bottom· much -petrified wood; weathers into 
rounded mounds -----------------------------

ll'eet 

140 

285• 
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Chinle formu tion-Conti.nued. Feet 
3. Snndstone, white and buff; cross-bedded generally' 

in two series of beds serarate.d by shale lnyers; 
contains two lenses of dark-green firm snnd-
stone and many lenses of quartzite pebbles.:.___ 42 

2. Shnle, variegated, widely variant in composition, 
texture, nnd stratification ; weathers like No. 4_ 65 

1. Sandstone, brown, in beds 1 to 6 feet thick, sepa
rnted by lnyers of argillaceous and sandy shale; 
contains some gyp~um and concretionary lime-
stone---------------------------------------- 60 

l'otal Chinle formation ________________ :_____ 592 

Shinarump coug1omernte. 

Section of Chinle formation, on east s·i.llo ot Ci.1·c1c CUffs, 1101"th
ca,st ot Wa.gonbom Mesa. 

[Mensured by Raymond C. Moore] 

Wingate sanclstone: Feet 
22. Sandstone, redclish brown, fine grained, cross- · 

bedded, prominently jointed. 
Cllln1e formation: 

21. Shale, light bluish, calcareous, weathering in. 
slope; upper part' stained purple, especially 
nlong joint planes, probably on nccount of pre
·wingate weathering---------------------'---- 48 

20. Limestone conglomerate, light greenish-blue mas
sive lnyer, composed of pebbles of limestone, 
qunrtz, jasper, and sancl in a lime matrix ____ 1-2 

19. Shale, light bluish, cnlcnreous; weathers in 
slope________________________________________ 31 

18. Limestone, bard, nodular, massive, light bluish 
green, mottled with light purple; forms pro-
jecting ledge________________________________ 5 

17. Shule, light b:ue, calcareous; grades into lime
stone nbove and below; forms slope__________ 37 

16. Limestone, hard, nodular, massive, light bluish 
green, mottled with light purp:e; forms ledge; 
upper part contains irregular nodules of agate-
like flint----------------------------------- 6 

15. Limestone, impure, light greenish blue, with 
streaks and mottling of light purple; hard but 
breaks readily into irregular fragments; crops 
out in slope but grades without marked change 
into ledge-forming beds---------------------- 15 

14. Limestone, light blue, mottled with light purple ; 
upper part is hard and massive_____________ 5 

13. Shale, light bluish, calcareous, weathers in 
slope-----------------~--------------------- 47 

12. Shule, light yellowish hrown, calcareo'us; becomes 
sandy in upper part and grades into thinly 
laminated soft calcareous sandstone; upper 
purt changes locally to hard massive cross
beddecl sandstone 10 feet in greatest thick-
ness--------------------------------------- 26 

11. Sandstone, light yellowish brown, medium to 
coarse grained, very hard, massive, tangen
tially cross-bedded; breaks down in large an
gular blocks and weathers in thin platy frag
ments; contains much coarse crystalline cal-
cite between the grains ; locally conglomeratic 
und contains irregular beds and lenses, as 
much as 1% feet thick, of soft purplish shaly 
conglomerate with pebbles three-fourths inch 
or less in diameter, composed ~h:efiy of fine 
limy sandstone; weathers as a ledge which 
thins locally to 5 feeL--------------------- 22. 

Chinle formation-Conti.nued. Feet 
10. Shale, canary-yellow at base, grncl:ng upward 

to light crenmy lavender, light red, and 
urown ; argillaceous in lower portion ; be
comes increasingly calcareous upward; the 
middle and upper parts contain irregular nod-
ules and layers of impure limestone, mottled 
light greenish blue and lavender; the upper 
3 feet appears locally as a massive nodular im
pure limestone; this zone weathel's as a slope_ 55 

9. Sandstone, dark brown, medium to coarse grained, 
soft, crumbly, micaceous, calcareous, cross
bedded; weathers in rounded irregulnr sur-
faces or slumps to loose sand ___________ ..:..____ 27 

8. Sandstone, dark brown, medium grained, hard, 
'cross-bedded, mnssive; contains thin streaks 
and lenses of conglomerate in which some of 
the pebbles nrc llh inches in diameter.; weath
ers in large angulf).r blocks, which disintegrate 
along the platy cross beds; forms a pro'J;Dhient 
ledge-------------------------------------- 4-6 

7. Shale, sandy, purplish to brown ; weathers as 
slope--------------------~-----------..;______ 24 

6. Sandstone, dark brown, thinly laminated in ir
regular curved lines due to ripple marking; 
abundant mica along bedding planes; forms 
bench ___________ ..:..__________________________ 5 

5. Shale, ·sandy, purple to brown ; wenthe·rs in 
rounded slope _____________ ..:..________________ 29 

4. Limestone, dark earthy brown, impure, dense; 
shows fine str.ucture composed of minute radi
ating crystals on weathered surfaces; weathers 
in irregular and rounded blocks---~-------- 1-1% 

3. Shale, blue to purple, sandy ; weathers in slope__ 26 
2. Limestone, brown, Yery ferruginous, hard; breaks 

into irregular fragments that resemble rough 
slag; contains invertebrnte fossils and frag
ments of silicified wood---------------·------ 1-2 

1. Sha~e, dark brown n t base; grades to olive-green 
in middle and to blue .and light bluish gray 
in upper part, sandy; weathers in rounded 
slopes and badlands------------------------ 83 

Total Chinle formation __________________ _, 500 
Shinarump conglomerate. 

Seotion of Chinle formation. in~ am. eastern. t1·ibutary of Silver 
Falls Creek so1tth1.ces·t ot Wagonbom Mesa. 

· [Measured by Herbert E. Gregory] 

Wingate sandstone. 
Chinle formation : Feet 

27. Sandstone conglomerate, lavender and g;·eenish 
blue, mottled red ; consists of aggregates of 
sand, mud balls, pellets of limestone, and 
short, thick lenses of darl\:-red shale; friable; 
upper part much oxidized------------------- 8 

26. Limestone conglomerate, gray-green nnd green
blue ; consists of P.ebbles and aggregates of 
limestone (9~ per cent), a.nd quartz and iron
stone (5 per cent) that range in size from that 
of peas to pebbles as much as 1 inch in diam
eter, ~men ted by lime; includes a few lenses 
of firm, dense gray-green limestone ; forms 
re~stant bench----------------------~------

25. Shale and shaly sandstone, red qnd purple; 
contains a few stringers and thin lenses of 
limestone conglomerate ; calcareous; weathers 
in sharp-cut miniature canyons _____________ _ 

12 

60 
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Chinle formation-Continued. Feet 
24. Sandstone, light red, brown, and green-white; 

imbricated; essentially a series of lenses about 
1 inch thick that overlap in a tightly irregu-
lar n1anner--------------------------------- 22 

23. Limestone conglomerate (80 per cent), bluish 
green, gray, and mottled, and shale ( 40 per 
cent), red and brown, irregularly interleaved; 
limestone consists of greenish flattened balls, 
and with· it are lozenges of green mud ; 
we.athers into a rough knobby surface______ 40 

22. Shale, mottled red, lavender, greenish blue; 
grades into No. 23__________________________ 12 

21. Limestone, green and gray, massive, dense; in
cludes geodes of calcite crystals; resistant ; 
forms bench _____________________________ _:__ 2 

20. Shale, red and gray, mottled, calcareous ; grades 
into Nos. 21 and 19 ____ ..:.___________________ 8 

19. Limestone conglomerate, speckled green, red, 
lavender, and blue; includes calcareous mud 
balls and aggregates of calcite crystals _____ _ 

18. Shale, yellow-red, calcareous, lenticular, soft ; 
weathers to rom1ded surface ___________ _,_ ___ _ 

17. Limestone conglomerate, green-gray, very hard· 
and dense ; includes pebbles of jasper and 
chert; forms bench _________________________ _ 

16. Shale and "marl," urightly colored, predomi
nant tones yellow and light red, with streaks 
and patches of purple, green, blue, and ash
gray; arrangement, color, and composition of 
ueds widely and abruptly variant; weathers to 
rounded knolls with spongy surface _________ _ 

15. Sandstone, green, white, red, yellow, and gray, 
cross-bedded, calcareous, highly lenticular; in
cludes lenses of limestone conglomerate and 
of flattened mud lumps; some petrified wood 
arid saurian bones; soft, crumples readily to 
sand---------------------------------------

14. Limestone conglomerate, brown, blue-green, and 
lavender; limestone. pellets and concretionary 
forms in size from that of birdshot to that 
of hen's eggs are arranged as strings and 
lenses resistant to weathering ______________ _ 

13. Shale and "marl," brightly banded and mottled 
dark red, light red,- yellow, blue-green, lav-
ender, and a,sh-gray ; series of overlapping 
lenses of calcareous sandstone, argillaceous, 
calcareous, and arenaceous shale, and lime-
stone conglomerate; includes concre.tionary 
aggregates of limestone, clay, ironstone, and 
sand, also quartz pebbles and gypsum crys-· 
tals; weathers to rounded knolls ___________ _ 

12. Limestone conglomerate, lavender and pink, 
dense, resistant_ ___________________________ _ 

11. Shale and marl, variegated like No. 13 _______ _ 
10. Limestone conglomerate, brown ; consists of 

balls, disks, and lozenges less than 1 inch in 
diameter ; weak; liine cement permits the rock 
to weather into a mass· of resistant pebbles __ 

9. Shale, ash-gray, purple, red, green, and white, 
very micaceous and calcareous, imbricated; 
12-inch bed of green resistant sandstone near 
the top; contains disseminated gypsum, iron-
stone concretions, some suurian bones, and 
frugments of petrified wood ________________ _ 

5 

25 

60 

16 

4 

70 

1 
45 

3 

48 

Chinle formation-Continued. Feet 
8. Lime::tone conglomerate, purple and brown; 

contains concretionary pellets of chert und 
ironstone; many limestone pebbles coated 
black with manganese, resistant_____________ 2 

7. Shale, blue-gray,· calcareous, hard; forms steep 
slope_______________________________________ 8 

6. Sandstone, buff, thinly and irregularly laminated 
and imbricated; includes mud lumps; some 
foliation surfaces ripple marked_____________ 2 

5. Shale, red, brown, and yellow, calcareous, irreg
ularly bedded, incre~ingly sandy toward the 
top; contains some limonite nodules and iron-
stone concretions --------------------------- 26 

4. Sandstone, brown and yellow, in thin, even beds, 
calcareous and micaceous ; forms firm protect-
ing bench------~--------------------------- 2 

3. Shale, banded yellow and brown, with mottling 
of lavender, white, and reel, argillaceous near 
base, strongly calcareous above ; includes nod
ules and lenses of sand, cemented by lime and 
flattened mucl lumps ; forms slope___________ 55 

2. Shale or thin-bedded, flnggy sandstone, buff and 
brown, very unevenly bedded·; some· layers 
cross-bedded ; shows ripple marks and con
tains a few saurian bones and frugments of 
invertebrates; weathers into yellow clay hills 
and buttes with tilted caps__________________ 40 

1. Shale, dark brown, gray, and earthy black, 
irregularly bedded, nodular; contains much 
iron as stain and concretionary masses______ 15 

Total Chinle formation.:_ _______ ------------ 593 
Shinarump conglomerate. 

GENERAL FEATURES OF STRATIGRAPHY AND LITHOLOGY 

In essentials the Chinle of the Kaiparowits region i~ 
identical with that of the Navajo country, where this 
formation is thicker and more widespread and has 
been studied in greater detail. All types of rocks and 
of fossils are common to the two areas, and in a broad 
sense the arrangement of the strata is the same. Dur
ing Upper Triassic ti1ne the conditions of sedimenta
tion appear to have been uniform over most, if not all, 
of the plateau province. But although as a whole the 
beds that compose the Chinle constitute. a strati
graphic unit of unmistakable individuality, a com
parison of the 16 sections measured in the Kaiparowits 
region makes apparent the wide variation in the order 
of deposition, composition, texture, color, and struc
ture of the Chinle beds. Within an area of a few 
square miles all sections may show the same range 
of color and inClude the same kinds of rock, but the 
colors of individual beds are not persistent, and one 
kind of rock may be replaced by another kind within 

·short distances along the strike. The relative amounts 
of limestone, shale, and sandstone differ with each 
section, as does also the position of these strata in the 
series. Moreover, the gradation in composition of 
the strata and of their included lenses and accessory 
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materials is such that no two· workers are likely to 
describe the rock or to subdivide the beds in exactly 
the sn.me manner. Variation is particularly noticeable 
in the Circle Cliffs, where with few interruptions out
ct·ops of Chinle may be traced for several miles. (See 
pl. 8, B.) In this area the lower half or bve-thirds 
of all the sections is dominantly sandy and relatively 
dark, and the remaining upper part is very calcareous 
and lightet· colored. The sandstone and conglomerate 
appear and disappear within short distances and differ 
notably from place to place in thickness and litho
logic character. The calcareous beds range by in
sensible gradations from hard, compact limestone to 
limy shale, which ·unlike typical shale breaks into 
irregular-shaped sharp-angled fragments without 
noticeable bedding or jointing. In accordance with 
the degree of oxidation of the iron in the rock, the 
color of the limestone ranges from light bluish green 
to light lavender, and some beds or portions of bed~ 
are all of one color, whereas others show mottling. 
At the .south end of the '\Vaterpocket Fold and at the 
Burr trail the calcareous beds are dominantly blue. 

The outst-anding features of the Chinle formation 
are fossil wood, the peculiar limestone conglomerate, 
nncl the series of variegated shales that weather after 
the manner of marls. Fossil wood is common in the 
lower half of the formati01i; nea.r Sixteenmile Spring, 
west of Paria, and at places in the Circle Cliffs it con
stitutes a fossil forest. It appears as chips, as blocks, 
and as tre~ trunks as muph as 80 feet long and 3 feet 
in diameter. No trees were found in place, with roots 
extending into the ground; the logs show worn sur
faces nnd ends and have been stripped of branches. 
Twigs are scarce, and no cones or needles were found. 
The limestone conglomerate occurs as lenses that range 
in length from a few feet to a mile and in thickness from 
less than an inch to more than 5 feet. In places it is 
exceptionally resistant, forming prominent shelves on 
cliff faces; elsewhere it crumbles easily. Some ledges 
consist mostly of dense limestone that contains a f~w 
pellets; others are made up of balls firmly or weakly 
cemented. The conglome·rate consists essentially of 
lime and manganese pebbles, most of them concretion
ary. Chert, rarely jasper, fragments of calcareous 
shnle, and well-rounded quartz grains are also present. 
The conglomerate grades . through loosely compacted 

· sandstone with disseminated crystals of calcite and 
dolomite into sandstone with lime cement. The shale 
near the middle of the Chinle is unusual in mode of 
weathering, in color, and in composition. Where this 
shale is well exposed to weathering :lt· appears as mam
Jnillary 1nounds outlined by gracefully cur~ed slopes 
leading to shallow, broadly concave valleys. The sides 
of the mounds are scarred with innumerable runways 
cut through only the disintegrated surface material. 
(See pl. 8.) On some mounds ure tiny benches pro-

:1.8940-31--5 

duced by resistant ledges of limestone conglomerate, 
btit in many mounds the heterogeneous material re
sponds as a unit to weathering, and the slopes are con
tinuous down to their flaring ba!:?e. (See pl. 1, 0.) 
Disintegration of the clay has produced a coat of 

·fluffy material a foot or more thick, exceptionally light 
and incoherent. walking on the surface in these areas 
is difficult. During heavy rains this superficial mate
rial is carried to drainage channels as streams and 
sheets of mud, and in places the mounds are stripped 
down to bare rock. '\Vith conditions so favorable for 
the removal of w'eathered material it is surprising to 
fin.d so few areas that lack the powdery cover. The 
explanation lies in the readiness with which .the· shale 
absorbs water. A fragment of fresh rock immersed 
in water swells to nearly twice its bulk, and after dry
ing is nothing more than a pile of disconnected, irreg
ular grains; alternate drying and wetting produces a 
substance part of which passes through filter paper. 
Under the microscope most of the material appears to 
be colloidal. The following chemical analysis of a 
specimen of the gray shale was made by Prof. W. C. 
Blasdale, of the University of California: 

Analysis of specimen of gray slUJle t·rom Lees FCJrr1/, A.·riz. 

Si02--------------------------------·----- ·53. 45· 
AbO~----------------------------------- 1&56 
Fe20s---·----------------------------·----- 7. 89 

CaD------------------------------------- 1.87 
l\fgO-------------------------------··----- 1. 66 
H20 at 105° 0-----------------------·----- 6. 77 
Ignition loss above 105° 0------~--------- 7. 26 

97.46 

In discussing this analysis Lawson 46 calls a.ttentio~ 
to the fact that the ratio of silica to alumina is far 
greater than that in clay com:eosed of kaolin and that 
the· amount of quartz present is insufficient to account 
for the excess of silica. He concludes: 

It seems probable, therefore, that a considerable proportion 
of the flocculent colloidal substance seen under the microscope 
is in reality silicic acid and that the presence of silica in this 
form may account for the peculiar behaviot· of the clay with 
water. · 

The friable " marls " and shales of the middle part 
of the Chinle. are the most richly colored beds in the 
plateau province. Unweathered rock shows deep tones 
of yellow, ash-gray, lavender, purple, rose-pink,, ma
roon, sienna, lilac, and cream color and various shades 
of red, blue, and brown. On weathered surfaces, espe
Cially when viewed from a qistance, the colors are 
blended into bands of dark red, brown, pink, green, 
purple, white, and black. 

. From its lithologic character, local variations, bed~ 
ding, and fossil c.ontent, the Chinle formation is evi
dently a fresh-water deposit. · No marine fossils have 

40 Lawson. A. C., The gold of the Shinarump at Faria : Econ. Geology. 
vol. 8, p. 445, 1913. 
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been reported from it, but instead there is found 
nbundant silicified wood and in places Unio and other 
fresh-water shells and the bones of land vertebrates. 
The marly bed$ appear to have been deposited in fresh
water lakes or ponds. 

The position of the Chinle conformably above the 
evidently stream-borne Shinarump conglomerate and 
the more or less gradational nature of the beds near the 
contact of these formations further indicates the con
tinental character of the Chinle deposition. 

AGE AND CORRELATION 

The Chinle formation is substantially the equivalent. 
of the 400 feet of" variegated gypsiferous marls con
taining silicified wood " measured by Howell 47 along 
the Paria River and of the 300 feet of "variegated 
clay shale, purple and white above and chocolat~ be
low, with silicified wood," which constitutes "divi
sjon a" of the "Shinarump group" of the Henry 
Mountains as described by Gilbert.48 It is also the 
equivalent of the "upper Shinarump" "clays" and 
•• shales " of Powell and of Dutton and a lower part 
of their Vermilion Cliff " group " or " series." Parts 
of the Chinle find their equivalents in the Dolores for
mation of southwestern Colorado. Correlation with 
the Chinle at its type locality in the Navajo country 
is made with assurance. 

Evidence based on fossils as to the age of the Chinle 
of the l(aipar~:nvits region, though meager, is quite 
satisfactory. The fossil wood has not been studied 
beyond its identification as several different species of 
coniferous trees, closely related to those from the 
Upper Triassic of Arizona. Most of the mollusks col
lected have proved too fragmentary for specific identi
fication, and saurian bones are known only as repre
sentative of species found in the Chinle of Arizona 
and Dolores of Colorado. In the collection of bones 
and scales of fishes Professor Lull 49 recognizes" Pholi
dophor'U'B sp. (Lower and Middle Triassic) or Semi
notus sp. (Triassic)." 

Von Huene 50 has expressed the opinion that what 
have been called Upper Triassic vertebrates include 
also Middle Triassic types--:-that is, Chinle and Shina
rump may include also Middle Triassic. The age of 
the Chinle seems clearly established as Triassic and is 
probably Upper Triassic. 

47 Howell, E. E., U. S. Geog. and Geol. Surveys W. 100th Mer. 
Rept., vol. 3, p. 272, 1875. 

' 8 Gilbert, G. K.,. Report on the geology of"the Henry Mounta-ins, p. 6, 
TJ. S. Geog. and Geol. Survey Rocky Mtn. Region, 1877. 

~0 Lull, R. S., personal communication. 
150 Huene, F. von, Notes on the age of the continental Triassic beds 

in North America, with remarks on some fossil vertebrates: U. S. 
Nat. Mus; Proc., vol. 69, art. 18, 1926. . 

CHINLE-WINGATE CONTACT 

The contact of the Wingate and Chinle formations 
in southern Utah closely resembles that ·of similar ex
posures in Arizona. (See pls. 7, 0; 8, B.) In most 
places the two formations meet as seemingly conform
able beds of unlike color, texture, and composition 
and when traced along cliff faces show little evidence 
that indicates lapse of time. In fact, at localities 
where the uppennost beds of the Chinle are red sand
stone it is difficult to detern1ine the limits of the forn1a
tion. Close exa1nination, however, usually reveals , 
staining and decomposition, which suggest exposure to 
the atmosphere, and also locally interrupted lenticular 
bedding. On Silver Falls Creek a bed of red conglom
erate sandstone that contains large grains of quartz 
and pieces· of blue-green limestone and chert 2 inches 
or less in diameter lies at the base of the Wingate, and 
stringers extend down into greenish Chinle limestone. 
At Paria the top of the Chinle is marked hy a thin 
discontinuous bed of conglomerate in which grains of 
quartz, fragments of limestone, calcareous mud balls, 
and pellets of clay are conspicuous. At the Circle 
Cliffs and near' Fruita, Utah, the top of the Chinle is 
uneven and the massive Wingate sandstone occupies 
depressions in the underlying shale. At seve~al places 
ripple marks and mud cracks were noted in the basal 
few feet of beds assigned to the Wingate. These ob
servations, added to those recorded for Glen Canyon, 
San Juan Canyon, and the Navajo country, show that 
at many places the Chinle was at least exposed to 
erosion before the Wingate was deposited. They also 
show that the unconformity is nowhere conspicuous 
and that the time elapsing between the end of the 
Chinle epoch of deposition and the beginning of the 
'Vingate epoch was not great. It may well be that 
deposition was continuous in parts of the plateau 
pr·ovince. 

JURASSIC FORMATIONS 

HISTORICAL SKETQH 

Nearly all geologic.reports on southern ·and eastern 
Utah, northern Arizona, northwestern New Mexico, 
and southwestern Colorado include descriptions of 
beds assigned to the· Jurassic. Marcou 51 speaks of 
Jurassic rocks along the Puerco River, but it is im
possible to determine what portion of his " Gypsum 
formation " is assigned to this age. On the evidence 
supplied by fossil plants Newberry 5.2 regarded a 12-
foot bed of carbonaceous shale near Oraibi as Juras
sic, "the sole representative of the Jurassic series." 

Q Marcou, Jules, R~sum6 and field notes: U. S. Pacific R. R. Expl., 
vol. 3, pt. 4, pp. 15Q-151, 1856. 

112 Newberry, J. S., Geological report, in Ives, J. C., Report upon the 
Colorado River of the West, pt. 3, pp. 82-83, 129-131, 1861. 
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!lowell assigned " 20 or 30 feet of red mn,rl " between 
'Vhite Rock Spring (in Steamboat Canyon~) and 
Pueblo Colorado (Ganado~) to the Jurassic and stated 
that "beds evidently belonging to this series were 
seen near the Moenkopi. * * * To the . eastward 
it [the Jurassic] thins out rapidly, until in eastern 
Arizona and in New Mexico it probably disappears 
entirely." 

The Jurassic of the Paria Valley is restricted by. 
Howell 58 to 500 feet of "cross-bedded sandstone, 
variegated gypsiferous shales, calcareous shales, and 
marly shales and sandstones "-beds that constitute 
the lower part of the San Rafael group, as described 
in this paper. Beds in the Paria Valley that corre-

. spond to the Navajo sandstone and Wingate sand
stone were considered by Howell and Gilbert 54 as the 
topmost 1,400 to 1,700 feet of a 2,250-foot section of 
the Triassic. For the Henry Mountain region Gil
bert 56 used "Jura-Trias" as a ter1n descriptive of 
all beds between the Dakota and the series now recog
nized as the J(aibab limestone. Dutton ~6 likewise as
signed to the "Jura-Trias" the beds in the Zuni 
region, New l\1exico, that lie between the Permian 
nnd the Cretaceous and stated that "general consid
erations, however, strongly favor a Jurassic age for 
those beds which lie above the Wingate sandstone," 
which he correlated with the Vermilion Cliff " series" 
of southern Utah. In discussing the magnificent ex
posures that borde,r the Colorado River on the north, 
Dutton 57 mentioned a " Jurassic white sandstone," 
which immediately underlies 300 to 500 feet of cal
en.reous gypsiferous and arenaceous shale that contains 
typical J'tu·assic fossils, and concluded: 

The .Tut·assic white sandstone seems to be .Peculiar to the 
northern and western portions of the plateau province. In 
southern Colorado and western New Mexico no stratigraphic 
nwmber hns yet beeri found which can be identified with it. 
There remnins, howevet·, the possibility that in those more 
ensterly regions the Jurassic sandstones may form the upper 
part of the snndstone series now reclwned as Triassic. 

In Dutton's view both the Jurassic and Triassic 
~tJ.·uta gradually change in color and decrease in thick
ness in passing from the Virgin River to the Zuni 
Plateau. l-Ie added: 

So fnr as present knowledge is concerned, we are at liberty to 
~upposc (1) that the Jurassic sandstone thins out completely 
in the interval, or (2) that it becomes the summit of the pre
sumed Triassic of New Mexico and can not be distinguished 
from it. 

liS Howell, E. E., U. S. Geog. and Geol. Surveys W. lOOth Mer. Rept. 
vol. 8, p. 272, 1875. 

114 Gllbet·t, G. K., idem, p. 160. 
55 Gllbcrt, G.. K., Report on the geology of the Henry Mountains, 

p. 6, 1877. 
110 Dutton, C. E., Mount Taylor and the Zuni Plateau : U. S. Geot 

Survey Sixth Ann. Rept., p. 138, 1885. 
51 Dutton, C. E., Tcrtlnry history of the Grand Canyon district: 

U. S. Geol. Survey Mon. 2, pp. 35-38, 1882. 

Cross 58 assigned the La Plata sandstone, 250 to 400 
feet thick, to the Lower Jurassic on the basis of its un
confortna.ble relation to the underlying Dolores 
(=Chinle in part), of Upper Triassic age, and assigned 
the "McElmo formation," 400 to 1,000 feet thick in 
southwestern Colorado, to the Jurassic and correlated 
it with the Morrison formation. 

Gregory 59 recognized the La Plata sandstone of 
Cross as Jurassic and extended it southward and west
ward to include the Wingate sandstone and the White 
Cliff sandstone of the early surveys and assigned to 
the " McElmo formation, Jurassic ( ~) ," all the beds 
between the top of the La. Plata and the base of the 
Dakota, thus including the " fossiliferous calcareous 
shales" and the "gypsiferous shales and thin sand
stones " of Dutton. 

As described by Reeside and Bassler ,60 the strati
graphic series along the lower Virgin River includes 
" J ura.ssic sandstone " 2,100 feet thick and " Jurassic 
ljmesione and shale" about 460 feet thick. 

As treated by Longwell, Miser, Moore, Bryan, and 
Pa.ige,61 the Jurassic of southeastern Utah includes 
from the base upward Wingate, Todilto ( n, Navajo, 
"gypsiferous shales and sandstones," and" varicolored 
sandstone and shales," and unconformably above them 
lies the " McElmo formation, Cretaceous ( ~) ," 125 to 
565 feet thick. In their generalized descriptions of 
"gypsiferous shales and sandstones" the lowermost 
beds at least of the "marin.e J ura.ssic " are readily 
recognized, and "varicolored sandstones and shales" 
is an appropriate field name for the series of highly 
variable and brilliantly colored strata that commonly 
1mderlie the Cretaceous of the Colorado Plateaus prov
ince. Lupton,62 Emery,63 and Dake 64 set the lower 
boundary of the Jurassic at the top of the. Chinle 
formation and recognized the top of the Navajo sand
stone as a horizon above which are strata of known 
Jurassic age and also strata which hold the position 
of the " McElmo " and closely resemble the Morrison 
n:nd which may prove to be Cretaceous. All field 
workers agree that the only unequivocal horizon 
markers are the Carmel and Curtis formations, from 
which faunas of Sundance age have been obtained. 
Because conclusive evidence is yet lacking concern-

118 Cross, Wbitmnn, U. S. Geol. Survey Geol. Atlas, Engineer Mountain. 
folio (No. 171), 1910. 

59 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey· 
Prof. Paper 93, pp. 50-68, 1917. 

60 Reeside, J. B., jr., and Bassler, Harvey, Stratigraphic sections fn 
southwestern. Utah and northwestern Arizona: U. S. Gcol. Survey 
Prof. Paper 129, pp. 63-65, 1922. 

61 Longwell, C. R., and others, op. cit., pp. 11-14. 
62 Lupton, C. T., 011 and gas near Green River, Grand County, Utnh: 

U. S. Geol. Survey Bull. 541, p. 124, 1914; Geology and coal resources 
of Castle Valley, Utah: U. S. Geol. Survey Bull. 628, p. 23, 1916. 

63 Emery, W. B., The Green River Desert section: Am. Jour. Sci., 4th. 
ser., vol. 46, p. 564, 1918. 

M Dake, C. L., Horizon of the mnrine Jurassic of Utah: JQur. Geol
ogy, vol. 27, p. 641, 1919. 
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ing the age of the sandstones betwe.en the Chinle and 
the fossiliferous marine Jurassic Carmel formation, 
these strata, which make up the Glen Canyon· group, 
are designated in this report Jurassic ( ~). 

Including the Navajo, Todilto ( n, a~d "Vingate 
tentatively assigned to it, the Jurassic of the plateau 
province is an assemblage of strata remarkably alike 
in extent; thickness, composition, and color. With 
most of its essential features present it extends from 
the San Juan Mountains, Colo., and the Zuni ~Ioun
tains, N. Mex., westward and northward across Utah 
and Arizona far into Nevada. From a center at Glen 
Canyon it has been traced southward across the Navajo 
Reservation and northward to points beyond the ~an 
Rafael Swell. Throughout this great area the thick
ness of the Jurassic averages about 2,000 feet. Thick
nesses of less than 1,000 feet appear only at its eastern 
and southern borders; at the head of Halls Creek 3,510 
feet of beds lie between the Chinle and the" McElmo." 

' · ·, GENERAL LITHOLOGIC FEATURES 

The Jurassic is essentially ~ huge pile of consoli
dated sand. Its massive beds and shaly beds alike are 
predominantly composed of quartz grains; limestone 
and gypsum constitute probably less than 1 per cent, 
and true argillaceous shale is present chiefly as small 
plasters included in irregular beds associated with 
local unconformities. Many thin beds and thick beds 
closely resemble e.ach other; they are alike cross
bedded, traversed by bands and streaks of white along 
and across the planes of foliation, and when unweath
ered sho·w similar range of color. The striking differ
ences in appearance are the expression of the influence 
of such incidental features as texture and manner of 
weathering. Without much exaggeration some whole 
sections of the Jurassic might be described as fine
grained cross-bedded sandstone, the color and stratifi
cation of which are revealed by weathering. With the 
exception of the inconspicuous beds of siliceous lime
stone, the shalelike beds and massive beds are friable 
and crumble readily under pressure. Even on wind
swept surfaces the impressions of hobnails are visible, 
and experience in climbing cliffs soon leads _to lack of 
faith in seemingly firm projections and crevices.' The 
weakly cemented fragments pried from cliffs by frost 
soon disintegrate and are removed by rainwash. and 
wind, leaving little or no' talus. . 

The impression gained from a superficial view of . 
the massive wal]s and dissected surfaces iri the Kai
parowits region is that the Cretaceous beds a·re gray 
and dull and that the Jurassic strata are brightly col
ored in. var~ous tones. of red. But even at' a distance 
white patches are visible, and as the eye traces a· con
tinuous face of .a plateau or flank of a monocline .the 
color is seen to change from red to yellow, to white, 
or to brown abruptly or gradually and at irregular 

intervals. Nearer views show that " red walls " range 
fr01n maroon to light ·yellow and that " white walls " 
range from almost flour whiteness to delicate shades 
of green or brown, and a detailed analysis of the strata 
shows that the general color is the resultant of 1nany 
colors and that the prevailing tone arises in some 
places from the prominence of some bed and in othet1 

places from the degree of weathering or the state of 
the atmosphere. The color of a hand specimen is not 
that of the cliff as a whole, and specimens fr01n the 
same stratum va1~y in tone with reference to th'eir 
position along the strike, their nearness to bedding 
planes, and their texture. 

PRESENT KNOWLEDGE OF THE JURASSIC OF SOUTHERN 
UTAH 

Although the strata assigned to the· Jurassic are 
the most conspicuous of all rocks in the plateau 
province, definite information regarding their mode 
of deposition and place in the time scale remains to 

·b.: obtained. · The lithologic evidence of equivalent 
age and origin of the broad s~bdivisions is strong; al
though the recognizeclineinbers thicken and thin and 
form and re-form along the strike as single massive 
beds or series of thinner beds, they everywhere present 
a group of features which as a whole render them 
unlike the members above or below.' The Wingate 
and Navajo sandstones, separated by the Todilto ( n 
formation or seemingly merged, constitute an unmis
takable series; the combination of features that char
acterizes the overlying San Rafael group is not dupli
cated elsewhere, and the Morrison maintains its indi
viduality throughout the plateau province. But. 
neither the upper li1nit nor the lower limit of the 
Jurassic is confidently known, and subdivisions within 
the system have been n1ade largely on the basis of 
texture, color, and arrangement of beds. Most of the 
beds have been deposited by strea1ns or by the wind 
and cop_sequently include n1any unconformities that 
perhaps are no less significant than the poorly defined 
hiatuses used -in separating the Jurassic ( ~) from the 
Triassic or the Jurassic from the Lower Cretaceous, 
if the Morrison (McElmo) is of Lower _Cretaceous 
age. Fossils of unmistakable,_ Jurassic age have been 
found only in a few beds of the Carmel and Curtis 
formations. The organic remains in the Wingate, 
Todilto (~),and Navajo formations consist of frag
ments of wood and of bone, dinosaur tracks, unios, 
and worm trails that have Triassic as well as Jurassic 
affinities. · In fact, no entirely satisfactory evidence 
exists for placing the Glen Canyon group in the 
J ura·ssic system, and it is possible that future studies 
may result in drawing the Jurassic-Triassic boundary 
within .the- Chinle or at any horizon between that 
formation and the top of the Navajo. Even the age 
of the Morrison has not been fully established. So 
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fnr ns detniled chronology is concerned, work among 
J nrnssic rocks is still in an exploratory stage. The 
writing of an adequate history of the plateau province 
during Mesozoic time must await fuller knowledge. 

MAJOR DIVISIONS OF THE JURASSIC 

Because of lithologic dissimilarity~ color contrasts, 
n,nd eviClences of breaks in deposition, three large sub..: 
divisions of the strata between the Chinle formation 
nnd the Dakota ( ~) sandstone are readily recognized 
in the field : 

1. The Glen Canyon group, Jurassic( n. In strati
graphic position the Glen Canyon group is identical 
with the so-called La Plata "group" of the Navajo 
country as defined by Gr·egory, who considered it the 
equivalent of the La Plata sandstone of southwestern 
Colorado. Recent studies, however, indicate that 
probnbly only part of the so-called La Plata "group" 
of the Navajo country is represented in the La Plata 
sandstone as described by Cross. To avoid confusion 
the term Glen Canyon group is introduced. The es
sential components of the Glen Canyon group are two 
massive cross-bedded cliff-making sandstones, the 
N n.vajo sandstone above and the Wingate sandstone 
below, separ-ated in 1nost places by the Todilto ( ~) for
rnntion, which consists of thin-bedded calcareous sand
stone, shale, and thin, dense limestone. Its mass, ex
tent, color, and manner of erosion make the Glen Can
yon group strikingly prominent. 

2. The San Rafael group,. Jurassic. The term San 
Rafael group has been proposed 'for the assemblage of 
strata which occupies the horizon of the marine 
Jurnssic of the plateau pr·ovince and which lies be
tween the Navajo sandstone and the Morrison forma
tion. It consists of the Carmel, Entrada, Curtis, and 
Summerville formations. Although with the possible 
exception of the Curtis formation all subdivisions of 
the San Rafael group are represented in the Kaiparo
wits region, where forn1ation names were tentatively 
applied before neighboring areas were studied, the 
fuller development of the group as a whole in the. San 

· Rnfael Swell seems sufficient reason to select the group 
name and three formation. names from that area. "fhe 
San Rafael group includes massive sandstone, shaly 
sa.ndstone, gypsum, and limestone and is remarkable 
for variation in form, extent,· and color. Beds that 
correspond to those included in the San Rafael have 
generally been classed as " McElmo. '~ ' 

3. Morrison formation,· Cretaceous ( ~). The Morri
son formation in the J(aipa.rowits region occupies the 
E-:trntigraphic position of all but the basal part of the 
" McElmo " as that term has been used by Cross and 
by Gregory. It is the eqniYalent of the "upper 
McElmo" of Lupton and Dake and of the" McElmo" 
of Emery. For the region as a whole the Morrison 
consists of an upper series of variegated shale and a 

basal series of lenticular massive sandstones--the Salt .. 
'\V ash sandstone member-but the formation is excep-: 
tionally irregular in composition, color, and arrange
map.t of beds. 

GLEN CANYON GROUP (JURASSICt) 

Beds assigned to the Glen Canyon group extend 
entirely across southern Utah and eastward to the 
La Plata l\1ountains of Colorado. In Arizona and 
New Mexico they are nearly coextensive with the 
Navajo country.· In Nevada they appear in the 
l\1uddy l\1ountains and the Spring Valley Mountains; 
traverses west of this district reveal no equivalent 
beds. 65 The term "Glen Canyon" seems appropriate 
for. the group of rocks that form the walls of. Glen 
Canyon of the Colorado throughout· its. 162-IHilc 
course from the Henry Mountains to the Echo Cliffs 
and likewise the walls of the lower parts of the can
yons o:f the San Juan, the Paria, the Escalante, and 
ma.ny smaller tributaries. The '\Vaterpocket Fold is 
an almost continuous ridge of sandstones of the Glen 
Canyon group which unites the walls of the Colorado 
River with the monoclinal eastern slopes of the San 
Rafael Swell, so· miles to the north, and the lower 
Escalante Valley is a floor of sandstone of this group,· 
20 miles wide,. which extends eastward across the Colo
rado River and south and west to join the Paria 
Plateau in the Lees Ferry region. Over 1nost ·o:f 
southeastern Utah the Glen Canyon group might be 
considered the bedrock. It lies beneath the High 
Plateaus, and on it rests the J(aiparowits Plateau and 
the highlands about the Henry Mountains. Through
out this vast area the Glen Canyon group is nowhere 
less than 600 :feet thick, and in many places it exceeds 
2,000 :feet. It is an unusually prominent group of 
beds, and ther¢ are :few points o:f observation in south:.. 
eastern Utah from which it is not visible. (See pls. 
19, A; 21, 0; 26, 0; 27, 0, D.) 

In boldness of sculpture the sandstones of the Glen 
Canyon group stand first among the formations of 
the plateau province. Where the beds are horizontal, 
preci pitoi1s cliffs extend for . miles, and on the crests 
o:f gentle :folds great blocks o:f sandstone with ver
tical sides and sha.rp corners stand high above the 
bordering canyons. Where the beds are steeply up
turned, erosion has cut the sandstones into unscalable 
pinnacles, which p~oj'ect above high, bare masses of 
rock that rest like flatirons a.gainst the limb of the. 
fold. Likewise in vari~ty of architectural :features the 
Glen Canyon sandstones take high rank; they are sur-. 
passed, i:f at all, only by the Eocene limestone and the 
remarkable assemblage of strata included in the San 
Rafael group. Beautifully molded domes and rounded 

65 Gregory, H. E., and Noble, L. F., Notes on a geologic traverse from 
1\IohaYe, Calif., .to the mouth of San Juan Hlver, Utah: Am. Jour. 
Sci., Gth ser., ,·ul. G, p. 231, 1923. 
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ridges mark the surface of the sandstones, and many 
cliff faces consist of a series of amphitheaters and 
pilasters, which extend from the top to the bottom and 
are carved without sharp edges. Within the r6ck 
itself have been carved innumerable recesses, many of 
them. mere pockets and niches but some that have 
broad floors and arched roofs, forming rock shelters 
sufficiently large to accommodate the houses of the 
ancient cliff dwellers. Here and there appear windows 
and the gracefully formed .arches of natural bridges. 

In general view the Glen Canyon group is readily 
distinguished from the beds that lie below it. Its mas
siveness, color, and manner of erosion are quite unlike 
those of the underlying variegated shales of the Chinle 
formation. Where the overlying Carmel formation is 
well represented, its distinctive dull color and thin 
stratification are in strong contrast to the light color 
and the massiveness of the Glen Canyon. 

In many places the overlying thin beds .are stripped 
fat back and expose the top of the Glen Canyon group 
as a sandstone-floored platform-an esplanade that 
winds in and out of valleys and around the beautifully 
banded San Rafael Cliffs. (See pl. 21, 0.) 

WINGATE SANDSTONE, 

The definition and description of the Wingate sand
stone of the Navajo country presented by Gregory 66 

holds good for the l(aiparowits region. The composi
tion, detailed structure, and arrangement of parts of 
the Wingate are essentially alike in the two regions, 
and the range of variation in color, texture, and strati
fication lies between. the same limits. (See pls. 8, B; 
9, A; 19, B; 22, 0; 23, B.) Characteristically the 
Wingate of the l(aiparowits region is a very massive, 
fine-grained sandstone, about 300 feet thick, underlain 
at most localities by a few feet of lenticular sandstone 
and shale, in part conglomeratic. It 'commonly ap
pears as a single vertical palisaded wall that rises 
above slopes of Chinle beds. Cross-bedding ranges 
from inconspicuous markings to larger-scale truncated 
laminae, but the great sweeping curves that character
ize the Navajo sandstone are generally lacking. At 
places along the Waterpoc).ret Fold cross-bedding is too 
little developed to be revealed by weathering; the only 
markings on the smooth, rounded surfaces of sand
stone are small, shallow pitsthat have the appearance 
of a honeycomb. · (See pl. 9, B.) Strong vertical 
jointing that cuts the sandstone into huge blocks is a 
common feature. The high, nearly vertical Wingate 
cliffs present an impassable barrier except where 

. streams have carved narrow pathways across the out
crop. 

00 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Sul'vey 
P1·of. Paper 93, pp. 53-55, 19li. 

Miser 67 described the Wingate on the lower San 
Juan as·massive cross-bedded sandstone, 270 feet thick 
at Piute Farms, 330 feet thick near Spencer Camp, 350 
feet thick at Copper Canyo·n, and· 275 feet thick 12 
miles above the mouth of the San Juan. In sections 
Ineasured in upper Glen Canyon Longwell 68 describes 
the Wingate as a sheer wall of massive sandstone about 
300 feet high at the mouth of Crescent Wash; as chiefly 
an unbroken cliff 366 feet high at Twomile Canyon; 
and as a massive member 300 feet thick, under lain by 
3 to 30 feet of coarse-grained thin-bedded lenticular, 
extremely cross-bedded sandstone at Goodhope Bend. 
At Capitol Reef Wash the Wingate is a massive 'cliff
making bed 420 feet thick. Within the Kaiparowits 
region the Wingate consists of a single ledge of fine
grained cross-bedded, very massive sandstone 250 feet 
thick at the Circle Cliffs, 260 feet thick at the Burr 
trail and Muley Twist, in the Waterpocket Fold, 340 
feet thick at the Bitter Creek divide, and 280 feet near 
the mouth ·of the Escalante. Along the Paria River 
the Wingate is represented by a series of cross-bedded 
massive strata 10 to 30 feet thick, which form the low
ermost 16(). to 200 feet of the canyon wall. Corre
sponding structure and thickness were noted in a cliff 
3 miles northwest of Paria. At Lees Ferry Moore as
signed to the Wingate the lowermost 400 feet of fine
grained medium-bedded to massive orange-red sand
stone in the cliffs along the river. The average of 27 
measurements of the Wingate within the plateau prov
ince is about 285 feet. The formation is thickest along 
a line that extends from the Chuska Mountains, on 
the Navajo ·Reservation, northward along the Water
pocket Fold to the San Rafael Swell. It is thinnest or 
most modified in the Echo Cliffs and is possibly not 
represented at all in regions west of the ~aria River. 

Typically the Wingate sandstone is orange-red, not 
uncommonly rather brilliant in tone, and it retains 
that color throughout most of Arizona and Utah, but 
in places all or parts of the formation are red-brown, 
and in the northwest wall of the Circle Cliffs and 
south of Fruita, in Wayne County, its color grades 
.fr<?m· orange-red into light creamy yellow or nearly 
white .. In the Kaiparowits region the overlying 
Todilto ( ~) is typically maroon, much darker than the 
"\Vingate, and the Navajo sandstone ranges from 
white, cream-color, or tan to red or red-brown, and 
in parts of the Escalante Valley it is pink,· with cream
colored bands. Although the color of each of the 
three formations differs from place to place, at no 
one place studied in Arizona or Utah is the color of 
the Wingate, the Todilto, and the Navajo the same. 

87 Miser, H. D., in Longwell, C. R., and others, op. cit., p. 17. 
68 Longwell, C. R., and others, op. cit., pp. 18, 19. 
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TODILTO. ( 1) FORMATION 

Early students of the geology of southern Utah 
recognized two divisions in the beds that lie between 
the Chinle {"Shinarump group," in part, of Po-yvell 
and Dutton) and the assemblage of beds variously 
called "mnrine Jurassic," "Gray Cliff," "Flaming 
Gorge," and "McElmo." Powell used the terms 
White Cliff "group" and Vermilion Cliff "group"; 
Gilbert used the terms " Gray Cliff group" and Ver
milion Cliff "group "; Dutton called the rocks Ver
milion Cliff "series" and "Gray Cliff sandstone." In 
u section In ensured in the Pari a Valley Howell 69 

records 800 feet of "buff massive cross-bedded sand
stone," underlain by 600 feet of "pale-vermilion mas
sive cross-bedded sandstone" overlying 400 feet of 
"variegated gypsiferous marls containing silicified 
wood" (Chinle formntion). The beds that occupy 
the general position of these two unmistakable sand
stones were subdivided by Gregory 70 into the Wingate, 
Todilto, and Navajo formations, the Wingate roughly 
corresponding with the upper part of the Vermilion 
Gli:l:f and ihe Navajo with the White Cliff. The name 
Todilto was introduced for the limestone·, calcareous 
shale, n:nd thin calcareous sandstone that appear in 
the midst of the great sandstone cliffs that tower above 
the Chinle formation. 

In and near its type locality, Todilto Park, N.Mex., 
the Todilto is predominantly limestone and calcareous 
shale, commonly less than 10 feet thick. Northward 
and northwestward across the Navajo Reservation 
measured sections include increasingly less limestone 
and become thicker. At the mouth of Piute Canyon 
the position of the Todilto is occupied by 100 feet of 
thin and irregularly bedded red sandstone and a sub
ordinate amount of calcareous shale, limestone and 
l . ' unestone conglomerate arranged in overlapping 
lenses. At. N~tvajo Mountain the formation is even 
thicker and contains but inconspicuous lenses of lime
stone and li1ne conglomerate. This observed depar
ture fr01n type of the Todilto of the northwestern 
Nttvajo Reservation led to the con1ment: . 

The position of these beds between two massive sandstone 
strata, 'Vingate and Navajo, is the basis for their assumed 
equivalence with the Todilto formation. .This expression, 
however, is so different from that in the type locality that this 
correlation must be considered only as a working field 
hypothesis. 

Since the publication of Gregory's conclusions a 
series of thin irregular calcareous sandstone beds, in-

. eluding some limestone, which occupies a horizon be
tween the Wingate and Navajo sandstones, has been 
traced by Paige, Longwell, Moore, and Miser from N av
ajo Mountain up the Colorado to the Henry Mountains, 

60 Howell, El. El., U. S. Geog. and Geol. Surveys W. lOOth Mer. Rept., 
vol. 3, p. 272, 1875. 

10 Ot·cgory. H. El .• op. clt .. pp. 52-59. ' 

along the W aterpocket Fold to the San Rafael Swell, 
and. into the San Juan Canyon. Similar 'beds have 
~een mapped in the Kaiparowits region. It is clear 
that a distinct, widely traceable stratigraphic division 
occurs between the Wingate and Navajo sandstones in 
most of the Navajo country and in Utah. There is 
doubt, however, whether this iniddle division .of the 
Glen Canyon group corresponds to Gregory's type 
Todi~to; hence this name is applicable only with a 
query to the region here described. The Todilto ( ~) 
of the Kaiparowits region consists typically of maroon 
and reddish-brown calcareous sandstone with lesser 

· nnd varying amounts of shale and limestone. The 
sandstone beds range in thickness from a fraction of 
an inch to more than 10 feet, but thick beds are much 
less common than thin beds. The bed~ commonly 
thicken and thin, overlap, tail out, or are :replaced by 
shale within short distances along the strike. (See 
pis. 9, A; 26, 0.) The quartz grains that compose 
the sandstone are well rounded, well sorted, and coarse 
and are arranged in cross-bedded laminae that meet 
at relatively sharp angles. The shaly beds are essen
tially very thin fine-grained quartz sandstones that 
contain here and there balls and lozenges of consoli
dated mud. Like the sandstones the shale beds are 
lenticul~r and present. few e:ven foliation ~urfaces; in 
degree of consolidation they differ greatly. The lime
stone appears as compact gray layers, as fragments 
embedded in sandstone and shale, and as lenses of 
limestone conglomerate. Lin1e is also present as ce
ment. Small lenses of conglomerate cmnposed of 
quartz chert and sandstone fragments cemented by 
lime and sand are present at most places within the 
lower half of the formation. The characteristic color 
of the Todilto ( ~) is maroon, which reveals the forma
tion as a dark-red band in cliffs of Wingate and 
Navajo, but in some beds in the measured sectio~s 
maroon is replaced by gray, purple, orange color, or 
pink, and on the northwest side of the Circle Cliffs the 
entire Todilto ( ~) is light creamy yellow. In the walls 
of the canyons that lead westward from the Water
pocket Fold the Todilto ( ~) app~ars as dark-red shale, 
thin-bedded calcareous sandstone, and lenticular con
glomeratic limestone. One bed of purple limestone in
c1udes small angular chunks of white chert. At the 
Hole in the Rock the Todilto ( ~) consists of reel shaly 
sandstone and thin discontinuous limestone. On the 
surface of one of the limestone lenses water emerges 
as a seep . 

The Todilto ( ~) is readily distinguished in the field 
by thinness and irregularity of stratification of beds 
n:nd by features that clearly indicate deposition in run
ning water, thus contrasting sharply with the under
lying "'\iVingate and the overlying Navajo. Contacts 
with the beds above and below indicate a change in 
conditions of· deposition. In some places the transi-
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tion appears to be gradual; elsewhere unconformities· 
exist. In places lenses of conglomerate mark th~ base 
of the Todilto ( ? ) , and " at many localities along the 
Colorado a distinct erosional unconformity separates 
the two formations, Wingate and Todilto ( ? ) , len
ticular fluviatile beds filling valleys on the surface of 
the Wingate." 71 An. unconformity at the top o~ the 
Todilto (?) is sho"wn at places where the fine-grained, 
cross-bedded Navajo sandstone rests on an uneven sur
face of shale or slablike sandstone that is sprinkled 
with broken chunks of shale, fragments of limestone, 
a~d pellets of cl~y. At some localities the topmost bed 
of the Todilto ( ? ) is sun baked, and at a few places. 
ripple marks were observed. Near Wann Spring 
Canyon Lonawell noted in brown and purple shale 
. ' b 

numerous sun cracks, 3 inches wide at the top, filled 
with buff sandstone extending downward from the 
main mass ~f Navajo sandstone. Similar sand-filled 
sun cracks were observed at the top of the Todilto ( ~) 
in Muley Twist Canyon. But notwithstanding. t~is 
evidence of unconformities the upper and lower limits 
of the Todilto (?) could not be definitely fixed in 
many measured sections, and the unconformities may 
have only local significance. 

The Todilto (?) in southern Utah is represented by 
outcrops at m~ny places east ~f the Paria Valley and 
the High ·Plateaus. South and east of Glen· Canyon 
it appears wherever rocks at this horizon are exposed. 
The_ Todilto . ( ? ) is thinnest as well as most calcareous 
near the Arizona-New Mexico boundary but shows no . 
reaular gradation in thickness or in composition· where 
tr~ced northwestward. In the great sandstone cliffs 
that extend from the Paria Valley westward across 
Utah arid into Nevada the formation has not been defi., 
nitely recognizeq. and may be absent. · 

In selected measured sections the following thick· 
nesses are recorded. .In New Mexico : Dutton Plateau, 
2 feet; Todilto Park, 10 feet. In Arizona: Segihat
sosi Canyon 28 feet. In Utah: Piute Canyon, 100 
feet; mo.uth' of Copper Canyon, 185 feet; Two mile 
Canyon, . 249 feet; Crescent Creek, 159 feet; Warm 
Sprinas Canyon 220 feet; along the· W aterpocket 
Fold 

0

150 160 214, and 220 feet; Circle Cliffs, 175 
' ' ' feet; San Rafael Swell, 40-180 feet. 

In general the Todilto (?) tops a bench of 'Vingate 
sandstone and from it the Navajo is stripped back for 
some dist'ance thus forming a shelf along which a ' . feasible route extends around the buttress of NavaJO 
sandstone and down the slopes on the limbs of mono
clines. At the south end of the W aterpocket Fold 
access to the Colorado River is obtained down the dip 
slope of the Todilto ( ? ) beds, and at the Hole in t~1e 
Rock a bench of Todilto ( ~) forms a step in the canyon 
wall, thus making the crossing at this place possible. 

n Longwell, C. R., and others, op. cit., p. 13. 

Where· t.he beds ar~ steeply upturned, as at the Burr 
trail, the Todilto ( ? ) forms a valley. 

.NAVAJO SANDSTONE 

DISTRIBUTION AND GENERAL APPEARANCE 

The Navajo sandstone is ren1arkably well displayed 
in southern Utah. It appears in the San Rafael Swell, 
surrounds the Henry Mountains, and extends east of 
the Colorado River into San Juan. and Grand Conn
ties. It forms the surface of the Waterpocket Fold 
and the Escalante Valley and the walls of Paria, 
Johnston and J(anab Canyons, and as the towering 
'Vhite Cliffs it extends to points beyond the Virgin 
R'iver. Throughout its length Glen Canyon is rimmed 
with the Navajo, sandstone, and complete sections 
are revealed in Paria Canyon, Escalante Canyon, 
Muley Twist Canyon, and the canyons of scores of 
tributaries that lead to the Colorado from the 
J(aiparowits Plateau. 

The Navajo sandstone is everywhere a cliff maker. 
U nscalable walls -of comina.nding height are common, 
but unlike the Kaibab, the Dakota ( ? ) , the Straight 
Cliffs, and the Eocene strata, which form extensive, 
almost horizontal terraces, plateaus, and mesa tops, 
the Navajo sandstone shows very uneven surface~. 
The friable nature of the rock and the absence of re
sistant covering beds results in the production of 
rounded masses. The floor of the lower Escalante 
Basin is a maze of overlapping mounds, and erosion 
of the 'Vhite Cliffs has produced conical towers and 
"nipples." The broad crest of the Waterpocket Fold 
is a bewildering mass. of low, flat domes separated by 
intervening broad, shallow pits. An area of dissected 
Navajo sandstone is very ~ifficult to traverse. TJ~e 
mounds ·that f01-:111 the surface are Sinooth, and their 
rims end suddenly at the brink of deep, narrow can-

·yons whose presence is little expected. "Hand holds" 
and "toe. holds" are rare and incon~eniently placed. 
Where they are cut in Navajo sandstone big canyons 
and little canyons alike have box heads and sheer 
walls and many are inaccessible without special equip
ment.' The explorer soon learns that the way by which 
he entered a canyon may be the on~y mode of exit. 
(See pls. 10, C; 19, .A.; 20, B; 25, .A..)·. 

STRATIGRAPHIC FEATURES 

Sections measured at four localities and detailed ex
amination at many others show that the Navajo sand
stone north of the Colorado River differs in no essen-· 
tial from that south and east of the river, as previ~ 
ously described. It is essentially one b~d of remar~
a.bly unifor·m texture and without features tpat permit 
the establishment of subdivisions. It consists of fine
grained massive sandstone, ela~orately cross-bedd~d, 
and includes small amounts of limestone and of tlun-
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bedded shaly sandstone that are distributed horizon
tally and vertically with no systematic arrangement. 
Longwell 72 describes the Navajo at Warm Springs 

· Canyon as a vertical cliff of tan sandstone appearing 
as a single massive bed 600 feet thick; at Twomile 
Canyon as "massive. tan sandstone 250 feet thick, 
capping a rounded hill"; at a point below the n1outh 
of Crescent Wash as "tan and buff sandstone, cross
bedded on larger scale, 300 feet." For the Navajo 
along the San Juan Miser 78 records the following par
tial thicknesses, measured upward from the base: 
200+ feet of cream-colored rr1assive cross-bedded sand
st;ori.e at Spencer Can1p; 200+ feet of "l'Il:assive, ex
ceedingly cross-bedded fine-grained buff sandstone 
with a few bedding planes" at Copper Canyon; 140 
feet of "buff cross-bedded massive sandstone" over- · 
la.in by 4 feet of compact gray limestone at a point 12 
miles above the 1nouth of the str'eam; and 310 feet of 
"buff 1nassive cross-bedded sandstone" capped by 4¥2 
feet of gray thin-bedded limestone at the mouth of the 
stream. At none of these places is the full thickness 
present. Measured sections of the Navajo within the 
J(aiparowits region show its typical features; at the 
Burr trail it consists of light-yellow to white medium
grained, very massive, highly cross-bedded sandstone 
1:260 :feet thick; at Bitter Creek divide, white to very 
light cream-color'ed sandstone, very massive, highly 
cross-bedded on a large scale, 1,400 feet. thick; along 
Escalante Canyon, 430 to 680 feet of sandstone, every
where cross-qedded and in most places massive, but 
along the Escalante monocline and at a point near the 
mouth of Sand Creek the upper 20 feet is somewhat 
unevenly bedded ; at the mouth of Warm Creek, 800 
feet of ·buff sandstone, one massive, highly cross
bedded stratum; at Meskin Bar, 900 ·feet of nearly 
white fine-grained sandstone, cross-bedded on a huge 
scale, all in one massive bed, except for a lens of 
compact limestone 1 foot thick and about 800 feet 
long. 

STRUCTURE, TEXTURE, AND COl\fPOSITION ' . 

Cross-bedding in the Navajo is remarkably devel
oped. I-Iorizontal surfaces, slopes, and vertical walls 
alike are crossed and recrossed by singularly attractive 
designs. Series of parallel curves merge with other 
series of curves or are truncated by curves with the 
same or with different radii. The planes of some cross
bedding laminae appear as groups of straight lines or 
groups of curves at high angles. The prevailing de
sign, however, is composed of curves tangent to curves; 
starting with arcs of small radii the laminae gradually 
decrease in curvature until they merge with adjoining 
curves as nearly horizontal planes. Many curves have 
uninterrupted sweeps that exceed 200 feet; commonly 

7~ Longwell, C. R., nod others, op. cit., p. 10. 
7n Idem, p. 17; manuscript notes. 

1894Q-31--6 

they extend for tens .of feet; some are measured in 
inches and appear as delicate engravings of curvilinear 
pattern. In general, the laminae are etched in relief 
by the removal of the weakly cemented quartz grains 
that mark division planes. Here and there the surface 
is further roughened by proje.cting seams of quartz 
and by tiny fa~lts that break the continuity of the 
ribbed surface. Here and there also groups of laminae 
are crushed or squeezed into close-~et loops, and some 
appear to have been kneaded. Indistinct bedding 
planes are present; but they are very irregular and are 
traceab~e for no great distance. They are obscured by 
.the don1inant cross-bedding to a degree that gives most 
exposures of the Navajo the appearance of a single 
massive layer. · 

Lenses of dolomitic limestone are nearly universal 
constituents of the Navajo formation but are not· 
abundant or conspicuous. Their outcrops are rarely 
more than 1 foot thick and a few hundred feet long. 
Most of them extend for less than 100 feet, and some · 
are mere plasters 10 to 50 feet iri diameter. Some of 
the lenses are nearly pure dolomite, so hard and so 
resistant to weathering that they serve as protecting 
ca.ps of small mounds d,eveloped in the sandstone and 
form shelves on otherwise smooth surfaces. Others 
are mixtures.of.dolomite and quartz sand and at their 
ends merge with the surrounding rock. They lie at 
no one horizon, but nearly all the dolomitic lenses seen 
ai'e within the topmost 100 feet of the Navajo, and fo~· 
the formation as a whole they appear to increase in 
number u·pward. 

The Navajo is cut by joints displayed in an in
teresting manner. The dominant joints are vertical, 
wide spaced, and arranged in two systems that trend 
northwest and north. In some places they are as 
much as 500 . feet apart; elsewhere as many as 100 
roughly parallel joints may be crossed in a distance 
of 100 to 300 feet, and zones of joints so closely packed 
that they resemble "shatter belts" are not uncom
mon. On the surface of the rock joints filled with 
calcite, dolomite, iron, or manganese may appear only 
as .markings on a continuously smooth surface, but 
the position of 1nany joints is shown by channels, and 
several gulches and narrow· channels owe their posi ~ 
tion to joint zones. On canyon walls the joints and 
joint zones .outline blocks and sheets of rock prepara
tory to their removal by frost and assist the cross
bedding structure in determining the shape and posi
tion of recesses, buttresses, and the open cracks that 
extend downward from the canyon ri1n. 

The Navajo sandstone is essentially an aggregate of 
white, crystal-clear quartz grains, loosely held to
gether by lime cement. Some hand specimens reveal 
no other minerals .to the unaided eye, but lllOSt of 
them show specks of black and gray. .In all thin 
sections that ~ere examined grains of cloudy ortho-
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clase, rarely plagioclase, appear in amounts ranging 
from 1 to 6 per cent,· and a few fragments of magnet
ite, garnet, zircon, tourmaline, biotite, or muscovite 
are also present. In a few petrographic· slides all 
these accessory minerals are present, and a thin sec
tion of rock fron1 Par{a Canyon includes little black 
knots of biotite and magnetite. Three sizes of grains 

· make up each cross-bedded lamina surface. Grains 
scattered about or arranged as sheets coating folia
tion surfaces, averaging about 0.70 millimeter in diam
eter, constitute 3 to 5 per cent of the rock; grains 
ranging from 0.10 to 0.25 millimeter make up about 
70 per cent ; and the remaining 25 per cent consists o:f 
bits of dust. 

In general the smallest grains aild those o:f inter
mediate size are thoroughly intermingled and :form a 
base over Vi7 hich the largest grains are strewn, but in 
some places portions of the rock exhibit almos"t per
fect sorting and permit the recognition o:f :four to five 
short, thin layers that are characterized by size of 
grain. Here and there are small pebbles of quartz, 
fragments of shale, of sands~one, or of limestone, and 
nodules and concretions of iron oxides that exceed in 
diameter the common sizes, but they constitute much 
less than 1 per cent of the rock. As a whole, the tex
ture of the Navajo is remarkably uniform. Most o:f 
the grains are imperfectly rounded, but nearly all 
thin sections show round grains, and in some thin sec
tions spherical grains predominate. Etched grains 
are not uncommon, and in one specimen :from -Paria 
Canyon ne~rly all the larger grains show 'pits and 
tiny facets. 

The cement of the Navajo sandstone consists o:f lime 
and dolomite with varying amoupts of iron oxides. 
The iron is most abundant in the finest-grained layers~ 
from some· beds it is nearly absent, and in places even 
the calcite cement has disappeared, leaving only a 
pile of separate grains of pure quartz. In general the 
cement is weak. Even where iron oxide forms the 
bond it is not easy to obtain a well-trimmed hand 
specimen, and much of the rock exposed at the sur
face is so friable that it crushes under the foot, and 
ft single blow of the hammer may reduce a block o:f 
sandstone to a mass of dust. Blasting this rock with 
powder presents special difficulties. 

The varying amounts and kinds of cement are re
flected in the color. In general, the white parts of 
the Navajo sandstone have only calcite cement; the 
yellow, buff, tan, and re'd tones indicate the amount 
and chemical state o:f the iron. It is assumed that 
the sandstone was originally white and cemented with 
white calcite and that lime was progressively but 
irregularly replaced by iron. 

To tangential cross-bedding, joints, weak cement, 
and uniformity, of grain are largely due the erosion 
fea.tures that are characteristic of the Navajo. The 

rock has a _tendency to split parallel to cross-bedding 
laminae and in less degree parallel to joint surfaces. 
The usual erosion fragment is a slab with curved faces. 
Thin slices whose length and breadth are measured in 
tens of feet peel off from the cliffs and canyon walls 
like bark :from a tree. Along the canyons are com
monly for.med alcoves, amphitheaters, and overhang
ing cliffs. Gashes with crescent or semicircular out
line-some of them mere " toe holes," others large 
enough to accommodate the buildings of cliff dwellers
appear in most walls, and few surfaces are :free from 
pits, "wells/'" water pockets," and short-curved cha.n
nels. Many bridge arches and a few complete bridge_s 
add to the interest of Navajo, topography. (See p. 
144.) Much of the rock merely disintegrates in place 
or is crushed to sand as it drops to the base of a cliff. 
Continuously smooth surfaces are common, and. talus 
deposits at the base of Navajo walls are conspicuously 
small. 

COLOR 

The prevailing colors of the .Navajo of southern 
Utah are cream, tan, and buff. In general, the ex
posures west of Glen Canyon and the vVaterpocket 
Fold show lighter tones than those about the Henry 
Mountains and southeast of the Colorado River. Some 
outcrops west of the Paria are appropriately called the 
White Cliffs,· but .light-red and yellow-red tints are 
also in evidence. No one color can be called character
istic. 'Vhite streaks are common, and two or more 
colors appear ·in every extensive exposure. Over an 
area of about 3 square miles near Harris 'V a·sh, in 
the Escalante Valley, the color of the sandstone is dis
tributed in frayed patches of light red, dark red, 
yellow, and white, a few hundred feet long and some 
tens of feet wide. At the south end of the 'Vater
pocket Fold the nearly white Navajo is traversed by 
bands and patches of red that are distributed along 
and across the laminae. (See pl. 4, D.) At the Burr 
trail the Navajo is gray-white; on Sand Wash and 
Cottonwood Canyons, tributary to the Paria, the rock 
is light yellow, with dark-red streaks and blotches near 
the top. · 
· An interesting color change was observed in Paria 
Canyon. Near the mouth of Sheep Creek the vertical 
\Yalls of the canyon are cream-white above and dark 
red below, and the sharply drawn division line runs 
horizontally without regard to texture, stratification, 
or cross-bedding, as if a red basal border about 20 feet 
high had been painted with a brush on a white wall. 
This line marks the top of the alluvium, which at one 
time covered the canyon floor. ·vVithin the rock that 
was deeply buried by the fill the conditions for accu
mulating and retaining the iron pigment were more 
favorable than within the rock that was exposed to 
the atmosphere. 
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A study of the Navajo over wide areas in Arizona 
and Utah shows that its color has no stratigraphic 
significance. Neither vertica.Ily nor horizontally is the 
distribution of color causally related to texture, struc
ture, or age. For reconnaissance reports such ex
pressions as White Cliffs a:pd Vermilion Cliffs are use
ful, but such terms as" l(anab sandstone" and" Colob 
snndstone," based on color and indicating time rela
tions, have little in their favor. 74 Color is an entel~
tnining guide in a superficial study of Jurassic strata 
but unreliable in determining chronology.. Its chief 
vnlue lies in the evidence that it affords of conditions 
o:f deposition and later physiographic history. 

In so far as colors are significant they call for more 
precise definition thnn present usage provides. In 
most sections of the Navajo the color of the rock as 
n whol~ differs from the color of 'some highly tinted 
pnrts, and weathered parts differ from unweathered 
parts. The rock that is wet from rains or that .is 
viewed under overcast skies differs in tone from dry 
rock thnt is seen in bright sunlight. Furthermore, the 
color assigned to the same exposure differs with each 
observer. It is interesting to compare the terms used 
by different field workers to express the color of the 
Navajo. In describing sec6ons nlong the San Juan 
!liver Miser speaks of the. Navajo as "cream-colored 
to yellow," "gray," and "buff," in place of Gregory's 
expressions, "light yellow," and "nearly white." For 
the I:Ienry ]\fountain region Longwell described the 
N avnjo as "tan " and "tan and buff" in rocks that are 
recorded by Gregory as" light red " and" yellmv-red." 
For the 'Vaterpocket Fold and the Escalante region 
the terms used by J\{oore closely parallel those used by 
Gregory, except that J\1oore sees different shades of 
yellow in certain rocks "·hich Qregory describes as 
]jght red. 

It may be significant that in all the descriptions 
M.iser, Longwell, J\1oore, Bryan, and Gregory use a 
d.ifferent expression for the color of the Wingate and 
of the Navajo where those formations occur in the 
snme section, and that the Todilto (?) is everywhere 
described ns of a color different from either the 'Vin
gnte or the Navajo. 

GLEN CANYON GROUP OF PARIA VALLEY AND WESTWARD 

'''est of Lees Ferry and the Paria Valley the .Glen 
Canyon group in whole and in part is prominently 
displayed. Along a line 200 miles long the character
istic features of the Navajo and perhaps of the "Vin
gnte are well represented, bt1t the Todilto ( ? ) has not 
been recognized and in places is probably absent. The 
dark-reddish fi.ne-grained sandstones in the Vermilion 
Cliffs appear to correspond in lithologic, str'atigraphic, 

. 7' Huntington, Ellsworth, and Goldthwnit, J. W., Tbe Hurricane fault 
'in the Toquerville district, Utah : Harvard Coli. Mus. Comp. Zoology 
Hull., vol. 42, p. 203, 1904. · 

and topographic character to the Wingate, but the 
strata a,re more. thinly bedded than typical Wingate. 
In Zion Canyon the lower part of the Glen Canyon 
unit exhibits peculiarities of jointing and weathering 
that are characteristic of the Wingate but is not clearly 
separated from superjacent sandston~ that very closely 
resembles the Navajo. This condition has led to the 
practice of describing the massive Jurassic sandstones 
west of the Paria as La Plata or as undifferentiated 
Navajo and "Vingate. Bryan 75 classes " 1,100 to 1,200 
feet of massive tangentially cross-bedded red to buff 
sandstone" at Lees Ferry ·as Navajo and Wingate. 
R.eeside and Bassler 76 speak of the Jurassic rock that 
constitutes Steamboat· J\1ountain as 

massive cross-bedded sandstone that is locally all red but in 
most places red in lower· part and white above • • * 
[having] a total thickness of 2,100 feet, mostly in sheer wall. 
There appears here to be no break of any kind in the sandstone 
wall; not even a single soft layer is observable. 

In the Santa Clara Valley " the cross-bedding of 
the upper white part is a striking. feature and resmn
bles that of the Navajo sandstone farther east." 

The 'Vingate and Navajo sandstones have distinc
tive features, but they also have many features in 
common. As compared with the Wingate, the Navajo 
is more generally cross-bedded, its constituent grains · 
are less uniform in size and s01newhat less firmly 
cemented, it is more calcareous, it includes lenses of 
limestone, and it is lighter colored. But in all these 
respects variations within the 'Vingate and within 
the Navajo are considerable; each feature of the 'Vin
gate probably is duplicated at some place in the 
Navajo; and hand specimens of the two sandstones 
might be selected in such a 1nanner as to make im
possible the determination of their source. Further 
difficulties are, first, the presence at the top of the 
Chinle of bedded sandstones similar to the "Vingate . 
in texture and comp9sition-a condition which has 
led to different interpretations regarding the upper 
and lower limits of the Wingate ; second, the expression 
of the 'Vingate in places as a series of' strata instead 
of one massive bed; third, the great variation in 
TodHto (?) from limestone and calcareous shale to 
shale nnd thin sandstone, not uncomn1only cross
bedded; fourth, the apparently uninterrupted deposi-
6.on in places of all strata from the top of the Chinle 
to the base of the Carn1el formation. 

On the basis of present field know ledge the division 
plnne between the Wingate and the Navajo can not 
be drawn with assurance where the Todilto (?), or 
an unconformity representing it, is absent. 

The difficulty of distinguishing the Wingate fron1 
the Navajo is illustrated by the arrangement and 

75 Bryan, Kirk, in Longwell, C. R., an'd others, op. cit., p. 16. 
76 Reeside, J. B., jr., and Bassler, Harvey, Stratigl'flphic sections in 

southwestern Utah and northwestern Arizona: U. S. Geol. Survey 
I'I'Of. Paper 129, p. G3, 1922. 
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composition of the strata in the Paria Canyon,' where 
sandstones that occupy the stratigraphic position of 
Wingate, Todilto ( ~), and Navajo form the canyon 
wall between the mouths of Deer Creek and Kitchen 
Creek, tributaries to the Paria. Throughout this 10· 
1nile stretch of canyon three roughly defined sub
eli visions are present : 

1. Upon typical Chinle shales lies a series of red 
sandstone strata very irregular in thickness and ex
tent, and the thickest and most continuous sandstone 
beds immediately overlie the Chinle. In places the 
::;eries consist of one massive bed that forms a sheer 
wall 100 to 200 feet high; more commonly the sand
~tone beds are 10 to 30 feet ·thick and are separated 
by disco.ntinuous very dark red shalelike l~nses, the 
surfaces of which are conspicuously marked by sun 
cracks, ~orm trails, and ripples. The length of the 
longest lens noted is about 200 feet. Some of them 
are little more than short, thick piles of fragments of 
shale; others are mere films of sun-dried mud. The 
lenses oc-cupy. no definite horizon; their vertical anrl 
horizontal distribution appears haphazard. 

2. Above the rudely bedded sandstone is a zone 20 
to 40 feet thick, within which the sandstone beds are 
usually thin and, as in N ~. 1, are separated or re
placed along the strike by lenses of very dark red 
snndy shale and conglomeratic masses 1 inch to 5 feet 
thick and 5 to 100 feet long composed of lumps o.f 
sandstone and shale. The cement is highly calcareous, 
and many of the shalelike fragmentR are essentially 
impure limestone. This zone, with little variation in 
position and character, was noted at four localities 
separated by several miles. · 

3. The top several hundred feet of the canyon wall 
is essentially one massive bed of white or buff-white 
sandstone intricately cross-bedded throughout. This 
is the "Gray Cliff sandstone" of Dutton, so promi
nently displayed between the Paria River and Kanab 
Creek. 

In this series subdivision No. 1 differs from subdi
vision No. 3 in that its color is red, its grains are finer, 
its cross-bedding is much less developed, its joint sys
tems are more complex, and its stratification is entirely 
different. 

In the field notebooks No. 1 was designated vVingate, 
No. 3 Navajo, and No.2 the equivalent of the To9-ilto, 
with recognition of the fact that as a whole it differs 
little from lenses in No. 1 and that if.Todilto is pres~ 
ent at all it may include parts of No. 1 or possibly all 
of it except the thick cross-bedded strata immediately 
above the Chinle. It was also recognized that No. 1 
and No. 2 combined may be a modified form of the 
Wingate. 

Near the 1nouth of the Pari a the threefold division 
of the Glen Canyon group (Navajo, Todilto ( n, Win
gate) is not evident. Here and for a few miles up-

stream the walls of Glen Canyon are built essentially 
of tangentially cross-bedded sandstone, without the 
visible parting that on eroded cliffs usually marks the 
Todilto ( ~). The upper half is, however, much more 
calcareous and. includes at intervals many lenses of 
dense gray limestone, 1 inch to 4 feet thick, each trace
able along the cliff faces for distances of a few feet 
to more than 600 feet. Along Vermilion Cliff between 
the mouth of the Paria and Jacobs Pools the upper 
half of the Glen Canyon group, above scattered lenses 
of limestone, is distinctly lighter red than the lower 
half. 

At Lees Ferry the Chinle is unconformably over
lain by about 80 feet of orange-red to buff minutely 

. cross-bedded sandstone in beds 5 to 30 feet thick; one 
of these beds, 26 feet thick, which is remarkably per
sistent and massive, extends up the Colorado into the 
Paria Plateau and along the Echo Cliffs and· retains 
throughout the texture and structure characteristic 
of the Wingate. Above these heavy-bedded sand
stones lies a series of sandy shalelike .beds 6 inches to 
6 feet thick. Within the layers of shale are calcareous 
lenses of flattened clay pellets and lime shale and fine
grained conglomei,ate that contains dinosaur bones. 
The upper two-thirds of the canyon wall is composed 
of light-red cross-bedded sandstone, which begins 
with beds 10 to 40 feet thick and continues upward as 
a bad 800 feet thick, 1nassive except for the presence 
of thin lenses of blue-gray limestone. When this sec
tion was measured in 1915 Gregory hesitated to assign 
any part of it to the Todilto, in view of the facts that 
within short distances along the strike the alternating 
shale and thin sandstone become thick beds, the cal
careous lenses lie at no particular horizon, and local 
unconformities are 1:11any. This doubt still remains, 
for Bryan 77 has published a section that shows 1,100 
to 1,200 feet of sandstone with no visible partings and 
with the comment that "the Todilto (?) formation is 
apparently absent." Furthermore, . Bryan includes in 
the upper part of the Chinle an unrecorded amount of 
'~heavy-bedded sandstone and red shale," thus giving 
the Chinle a thickness much greater than any known 
elsewhere in this region. Recent study of this section 
by Moore leads to· the conclusion that sandstone beds 
at· Lees Ferry and westward along the Vermilion 
Cliff;:; have Wingate affinity and have been inappropri
ately included in the Chinle by several authors. A 
short distance west of Johnson Canyon he noted an 
unconformity at the base of the red sandstone. 

Brief examinations· of ·many outcrops of ~1esozoic 
formations in northwestern Arizona, southern Utah, 
and Nevada, combined with detailed study of some of 
them, leaves no doubt that the major part of the 
enormous white and red Jurassic ( ?) cliffs, which 
extend with few interruptions from the Paria to Santa 

11 Longwell, C. R., and others, op. cit., p. 16. 
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Cln.ra and ren.ppear in the Muddy· ·Mountains and 
Spring Mountains of ·Nevada; is composed of Navajo 
sandstone. To what extent the Tod:ilto· ( ~) and Win
gnte are represented remains to be detenpined. Cer
tninly these formations, where they are preserved west 
of the Pttria, lack the clear expression familiar to 
workers in regions farther east, but there is evidence 
t.o show that the· Wingate in less massive form is trace
able fr01n Lees Ferry at least to Kanab, and that the 
change in conditions of sedimentation represented by 
Todilto ( ~) may be demonstrated at several places. 

In Johnson Canyon, Utah, beds that are tentatively. 
assigned to the Wingate include thin beds in addition 
to' one red, massive, intricately cross-bedded, fine
grnined bed more than 200 feet thick, and the Todilto 
( ~) may be represented by 120 feet of thin calcareous 
sandstone, including thin sheets of resistant limestone, 
for the most part slabby and irregular. Erosion has 
stripped back the Navajo sandstone from the top of 
these beds and ·left a terrace more than a mile wide, 
nbove which rise the impressive White Cliffs. In the 
1\:anab Valley the Chinle cliffs·are capped by regularly 
bedded thin sandstone tha.t leads up to heavy beds of 
mnssive sandstone. About 240 feet above the Chinle 
the sandstone is interrupted by a zone of sandy lime
stone and chert, which 1nay represent the Todilto ( ~). 
It seems not improbable that by taking careful note 
of the features that distinguish the Wingate and the 
Navajo, and keeping in mind the wide variation in 
aspect of the Todilto ( ~), the Wingate may be traced 
,from the Paria to loca.lities beyond the Virgin River 
and the Todilto ( ~) to the Kana.b Valley. 

SAN RAFAEL GROUP (JURASSIC) 

])JS'l'lUBU'l'ION AND 'l'OPOOUAPHIO EXPHESSION 

The San Rafael group is well displayed in the Kai
parowits region. On the Paria River a few miles 
below old Paria village and north of the White Cliffs 
it is very widely exposed. At Cannonville it forms 
the beautifully banded walls which give that village 
its picturesque setting. The Dry, Round, and Butler 
Valleys are rimmed about with San Rafael sandstones, 
nnd the mounds, mesas, and " chimneys " that rise 
from their floors are remnants of widely spread friable 
sandstone, gypsum, and shale. (See pls. 11, B; 22, B.) 
Along lower GJen Canyon the San Rafael is trenched . 
·by Wahweap, Warm, Kane Springs, Last Chance, 
and Rock Creeks, which outline the brilliantly colored 
lower wall of the J(aiparowits Plateau as a crenulated 
line of cliffs whose carved edges meet abruptly the 
wavy red surface at their base .. On both sides of the 
Colorado River the mesas and towers of San Rafael 
beds, capped by Morrison and Dakota ( ~), rise high 
nbove the wide platform of wind-swept Navajo sand
stone. (See pls. 10, .A.; 0; 2'2, A.) At the. southeast 
end of the Kaipnrowits Plateau the San Rafael beds 

stand high on the cliffs, a mass of colot bands that ·are 
broken ·by scores of canyons. 

In the Escalante Valley the San Rafael group forms 
an uneven floor from Willow Creek to· Pine Creek, 
where erosion of the. upper beds of the group, which 
are involved in the Escalante monoCline, has produced 
the colored mounds, benches, and ridges that give the 
village of Escalante its attractive setting. The 
Straight Cliffs, the northeast front of the Kaiparowits 
Plateau, show San Rafael beds at their base. Begin
ning at Alvey Wash with a few feet of the upper 
strata, the thickness gradually increases until at Fifty
mile Point the whole group is exposed in a terrace 
that is capped by Morrison and Dakota (nand under
lain by Navajo sandstone. From Escalante the group 
can be traced along the base of the Aquarius Plateau 
but gradually thins until north of the Circle Cliffs it is 
cut out by the Cretaceous-Tertiary erosion surface. 
(See p. 116.) On the east side of the W aterpocket 
Fold the full thickness of the San Rafael group is ex:.. 
posed at the Bitter Creek divide. South of this poi:p.t, 
where its upturned strata form the bed of Hall Creek, 
the San Rafael is partly concealed, except on the 
mesas that stand back from the W aterpocket Fold. 
(See pl. 19, A.) 

In all these areas the usual. topographic expression 
consists of brightly colored cliffs that are banded on 
a huge scale. A sloping base that is formed by the 
Carmel, which rests on the Navajo sandstone, is suc
ceeded upward by the massive, thick cross-bedded· 
Entrada sandstone and by steep slopes of color-banded 
rocks (Summerville) leading to green-white Morri
son, which is overlain by a resistant Dak<;>ta ( ~) cap. 
As a unit in the succession of great terraces that ex
vress the Mesozoic rocks of the Kaiparowits region, 
the San Rafael beds are not an outstanding feature. 
The great cliffs of which they form a part owe their 
persistence to the Dakota ( ~) sandstone, which pro
tects the friable beds beneath. 

The thickness of the· San Rafael group differs re
gionally and locally to a considerable degree. In the 
Paria V a~ley thicknesses of 640, 700, 380, 410, and 
615 feet were measured; along Glen Canyon, 420,. 
860, 800, and 725 feet; in the Escalante Valley, 336, 
~170, 164, 600, and 380 feet; east of the W aterpocket 
Fold, 910, 1,260, and 1,610 feet. These differences in 
thickness are explained in part 'Qy the unequal de
velopment of the formations of the San Rafael group,. 
in part by the different amounts removed by pre-· 
Morrison erosion, and also in part by the difficulty 
in some localities of determining the base of the· 
1\{orrison. 

Striking small-scale erosion forms are characteristic 
of the San Rafael. The great irregularity of bed
ding, the different amounts and kinds of cement, and 
t.he capricious .distribution of color favor the produc-
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tion of mounds, tables, balls, and mushroOins, tilted 
at various angles and decorated with color stripes of 
various widths and tones. Especially in the thin
bedded sandstones erosion has left spools, spindles, 
and" stone babies" of fantastic shapes, some of which 
ha Ye smooth surfaces and others ribs and boxlike 
shelves. With changing lights they assurne the ap
pearance of birds and animals and the legendary be
ings of Piute mythology. Although these figures are 
commonly but a few inches or at most a few feet high, 
the absence of surrounding debris makes them con
spicuous and gives the effect of grotesquely carved; 
·surfaces hundreds of squa.re feet in area. 

GENERAL STUATIGRAI'HIC AND LITHOLOGIC FEATURES 

The dominant color of the San Rafael group and of 
its parts differs from place to place. In the Glen Can
yon district prominent bands of dark red. are inter
stratified wjth white, and in the upper valley of the 
Paria the prevailing tone of the sandstones is bright 
yellow-red. In a. few places the group loses its attrac
tive features and becomes in general dull gray. The 
color of the San Rafael sandstones-massive beds and 

· shaly beds alike-varies directly with the amount and 
character of the cementing material. Rocks from 
which cement is practically absent are white, as are 
also the ·crumbling surfaces and the dunes that have 
immediately· resulted from the removal of unconsoli
dated material. The grains that compose the white 
rocks, the dunes, and also the hand specimens after 

When traced along the strike, the beds that consti- the cement has been eliminated are composed of clear 
tute the San Rafael group reveal many changes in quartz, associated with son1e white feldspar, very small 
thickness, texture, and aggregate composition. Note- amounts of biotite, and rare magnetite. Where pres
book sketches of these beds show cliffs and slopes ent, the cement of the white and green-white rocks is 
differently related to each other and· at different alti- calcite, or calcite and ferrous iron, or calcite and gyp
tudes above the Navajo. In the section at Cannonville sum, or calcite, ferrous iron, and gypsum; the grains 

~. thick massive cliff-making beds occur in the middle of rocks that show dominant yellow tones are held to
and near the bottom. In the corresponding section on gether by calcite and limonite, and the distinctly red 
Cottonwood Creek the first cliff maker is near the top. rocks have for cement calcite and ferric iron. The 
In some places very soft sandstone and shalelike beds deeply colored red rocks are those that have the finest 
constitute as much as 75 per cent of a section, but else- grains. ·In some of them the iron between and around 
where the horizon above the Carmel formation is oc- the quartz grains equals in amount the grains them
cupied in a large part by thick fairly hard massive selves. 
beds. Single beds· of sandstone split up along the The patches and streaks and large continuous areas 

· strike, and their top or bottom or Inidqle is replaced of color are distributed without reference to any 
by shale; also the continuity of a series of beds of known controlling factor. In general, it appears that 
shale may be interrupted by. huge lenses of sandstone. tmiformly yellow or light-red tones characterize large 
Within a distance of 40 feet a bed· measured near rock masses of uniform texture, arid that discontinuous 
Cannonville breaks up into six beds separated by areas of dark red, green, and white characterize masses 
lumpy shale. In a broad sense the San Rafael is com- of varying texture. Also in general, white bands as
posed essentially of sandstone in massive beds and sociated with yellow and light red are Inost common at 
shalelike beds and contains subordinate amounts of or near foliation surfaces and along cross-bedding 
gypsum and limestone, but in detail two exposures laminae. But there are many exceptions. Disks of 
that lie less than 10 miles apart may be sufficiently white stand out conspicuously on an otherwise red 
unlike to justify different subdivisions and . descrip- wall, and frayed ribbons and streamers of white cross 
tions. Gypsum occurs at several horizons. It ranges ·and recross cliff faces, seemingly regardless of struc
in amount from disse1ninated grains to beds that ex- ture or texture, as if white paint had been capriciously 
ceed 50 .feet in thickness and are continuous for sev- applied by human hands. 
eral miles. Limestone is inconspicuous at the expo- Observation seems to warrant the suggestion that the 
sures studied in the Kaiparowits region, but calcareous white quartz sand of the San Rafael sandstones was 
layers constitute perhaps one-sixth of the beds. 

1 
convertt3d into rock by the infiltration of calcite rtnd 

Cross-bedding i~ characteristic of·all the sandstones. that the calcite cement was progressively replaced by 
of the San Ratael .group. In .the thicker beds it is: iro:ri. On this assumption part of the white roclt re
displayed as a beautiful tracery of curves; raised in ' mains as originally formed and part doubtless owes its 
,relief ·by weathering,; and closely resembles that of the' whiteness to the bleaching of all or part of the cement
. Navajo sandstone; . In the thinner beds it appears as ir:g material. That the cement from the interior of the 
curves and as truncated series of short parallel lines: rock is in process of removal to the surface is indicated 

· abr;uptly terminated by other lines at different .. degrees: by "casehardening.": The surface of many outcrops, 
of inclination. ·Commonly the cross~bedding laminae! especia1ly of If.1assive beds, consists .of a shell of tightly 

L::tre separated by.·a- .. film of: scattered :gra'i:ris of larger i cementeq material; back ·of. which the rock is .. merely an 
size th.an those in the .body of· tb.~. rock.,.:,, ,; ·.· · i 1· · ,. tiggregation of: loose sand' grains. Waters from' the 
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few stnn.ll springs that issue from the red and yellow 
rocks and the rainwash over 'their surfaces have very 
little cn.lcium sulphate but hold greater amounts of 
ea.l.cinm carbonate and iron oxide-s than the waters 
from the white rocks or even from the brown rocks of 
the overlying Cretaceous. The efflorescence about some 
::;eeps has a reddish tone. 

.An unconfor~nity appears to exist locally at the base 
of the San Uafael, and there is a widespread erosional 
break at its top; in some places an unconformity may 
ue demonstrated in beds that immediately overlie the 
lowest thiek cross-bedded sandstone (Entrada). But 
in many places those relations are by no menns. clear, 
n nd correlations between measured sections are made 
more difficult. by the presence of .many local uncon
fonnities that perhaps have regional significance. 
Certninly some of them have on]y local meaning, for 
it is unreasonn.ble to assume that snch unlike beds as 
make up the San Uafael haYe resulted from uniform 
conditions of deposition. 

~\OJ~ .AND COHHELATION 

The i.:ieries of beds that overlies the Navajo sand
stone and is terminated upward by the Dakota ( ~) 
sandstone presents problems in correlation and in 
determination of the conditions of deposition that so 
far lm ve not Leen solved .. In the plateau country these 
beds extend from the Zuni :Mountains of New Mexico 
northward across the Navajo Reservation into western 
Colorado and eastern Utah and northwestward through 
southern Arizona and Utah to points beyong the Vir
gin H.iver. Throughout this vast· area the series has 
some features in common, but these features are not 
(·outinuously displayed and do not all occupy the same 
stratigraHhic positions. The attempts to correlate 
these diverse beds chief-ly on the basis of lithologic 
studies a.t widely separated localities, on the border of 
nn area exceediiig 100,000 square miles, has naturally 
led to unsatisfactory results. Jn the Henry Moun
tains Gilbert 78 assigned to the "Flaming Gorge 
group" all beds between the "\Vhite Cliff (Navajo) 
sandstone nnd the Cretaceous, and in the Paria Valley 
!:Towell 70 included equivalent beds in a measured sec
tion that js difficult to interpret. Of the ~eels in the 
Escalante Basin Dutton 80 remarks: 

At•otmd the network of canyons tt·ibntnry to the Escalante, 
the '£eins and Juru were utte•·ly inaccessible, and the location 
of the sepnrutlng horizons was inferred from the color of the 
beds nud the nrrangement of the rocl~y ledges viewed from a 
distil nee. 

~lost geologists working in Colorado, Arizona, and 
Utah have found it advantageous to base correlati9ns 

78 Gilbert, G. K., Report on the. geology of t)le Henry Mountains, 
p. G, U. S. Gcog. nnd Geol. Survey Rocl·.y Mtn. Region, 1877. 

'l1l Howell, .It'. E., U. S. Gcog. and Geol.; Su~·veys w. 100th Mer. Rept., 
\"01. 3, p. 272, 1875. . . 

so Dutton, C. E., Ueport on. the geology of the High Plateaus of 
Utah, p. xxi, U. S. Geog. and Geol. Survey Rocky l\ltn. Region, :188.0. 

on the well-defined lithologic units established by 
Cross,81 who chose the term "McElmo formation"'' 
for beds that " correspond closely to the Morrison and 
Como beds and the Flaming Gorge group of Powell " 
and concluded that "it ,is probable that the marine 
Jurassic horizon belongs between the La Plata and 
the McElmo formations." Lupton 82 followed Cross in 
treating the strata between the La Plata sandstone 
and the Dakota as a single formation, the" McElmo," 
but outlined "members" ·that have widely divergent 
featur'es and history and made the significant remark: 
"It is possible that the bed containing this. [marine 
Jurassic] fauna is older' than the basal beds of tpe 
typical McElmo." Dake 83 subdivided the "McElmo 
formation" into" upper McElmo, Salt Wash member, 
and lower lVfcElmo" (fossiliferous zone with Sun
dance fauna). The terminology of Cross was adopted 
by Gregory in mapping theN avajo country, but satis
factory correlation of the beds that qverlie the Navajo 
with the "McElmo" at its type locality increased in 
difficulty as the series was traced J!oi·thwestward. On 
the Moenkopi Plateau the presence of lin1estone and 
much calcareous shale between typical "McElmo" 
sandstone and Navajo sandstone and the unfamiliar 
expression of the Navajo itself made it seem desirable 
to describe the beds occupying the general horizon of 
the marine Jurassic as "undifferentiated Navajo and 
l\fcElmo." 

A study of the equivalent strata north of Glen Can
yon showed that although beds that resemble the 
" McElmo " sandstone and shale of McElmo Creek are 
present, beds quite different in composition and origin 
and probably in age occupy the stratigraphic position 
of the " McElmo " and led to the belief that a contin
uation of the previous correlation is likely to serve :r;10 
useful purpose. A new classification was. therefore 
adopted for the series of beds in southern Utah be
tween the top of the Navajo sandstone and the lower
most stratun1 assigned to the Dakota ( ~) sandstone. 
In this tentative classification three formations with 
local names were assigned to a lower group, deter
mined . as of Upper Jurassic ag~, and the remaining 
strata were recognized as the· equivalent of the 
" McElmo " or Morrison, of Jurassic or Lower Creta
ceous age. While the present report was being pre
pared, studies ~y Gilluly and Reeside showed that 
Jurassic formations corresponding in general with 
those in the Kaiparowits region are represented in the 
San Rafael SwelL To avoid duplication of forma
tion. names stratigraphic terms applicable to both re- . 
gions were selected. Beginning at the top of tlie 
Navajo these formations are the Carmel, Entrada, Cur-

81 Ct·oss, Whitman, Red beds of southwestern Colorado and their 
correlation: Geol. Soc. America· Bull., v.ol. 16, p. 496, 1905 .. 

112 Lupton, C. '1'., Geology and coal resources of Castle Valley, Utah : 
U. S. Geol. Sun·ey Bull. 628, pp. 23..:.2G, 191G. 

83 Dake, C. L., Horizon of the marine Jurassic of Utah: Jour. Geol- . 
ogy, YOl. 27, p. 641, 1919, 
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tis, and Summerville formations, which constitute. the 
'San Rafael .group. Above them lies the Morrison 
formation, which is tentatively· considered Lower Cre
taceous. The Curtis formation is essentially restricted 
to the country ~orth of the Fremont River. These re
lations are shown in Plate 5. 

CARMEL FORMATION 

HISTORICAL SKETCH 

Powell 84 noted the presence of "limestone contain
ing Jurassic fossils" as a capping of the gray cliffs 
next above the Vermilion Cliffs, and Gilbert 85 says: 

Upon both forks of the Virgin River and upon Kanab Creek 
I found Jurassic forms (including Oamptonectes bellistriatus· 
and Pentacrinus a.steriscus) in a cream-colored arenaceous 
limestone, and they appeared to be restricted to a brief ver
tical range. 

SecUon nea,r Rockvi-lle, Uta1" 56 

Shales with coal. e 

0 ypsiferous shales : 
Red clay shale-----------------~---.-------
White clay shale with bands of gypsum~-----

Cream-colored sectile fossiliferous calcareous and 
arenaceous beds: 

Bedded limestone ( Oamptonectes, Inocera-
mus) ___________________________________ _ 

Calcareous shale with some fossils ______ . ___ _ 
Calcareous sectile sandstone ; sandstone sha!y 

toward the base (P·inna) --------------~--

100 
50 

30 
60 

60 

Feet 

150 

150 
Soft red shale--------------------------------------- 50 
Massive cross-bedded sandstone. 

Howell's "section from Last Bluff [Table Cl~:ff] 
south-southwest 36 miles" 87 lists 500 feet of beds as 
Jurassic: 

Sectio_n trom TabZe OZiff south-so;tthwcst'lcard, Utah 
Feet 

Pale-red massive cross-bedded sandstone_______________ 125 
Variegated gypsife:t;ous shales, with green and slate 

colors at the tOP--------------------~-------------- 175 
Pale-yellow cross-bedded calcareous sandstone_________ 75 . 
Red, yellow, purple, and gray marly shales and sand-
stones---------------~----------------------------- 125 

Howell 88 ' recognized equivalent strata on Dirty 
Devil (fremont) River, 780 feet thick;" on the south
west side of Escalante River," 980 to 1,180 feet thick; 
at Pirie Mountain, 1,200·feet. 

Eastward it thins out rapidly, until in eastern Arizona and 
in New Mexico it probably disappears entitely. Beds evidently 
belonging to this series were seen near the Moenkopi, but no 
definite idea of their· thickness could he obtained. 

"'Powell, J. W., Exploration of the Colorado River of the West and . 
its tributaries, p. 190, 1875. 

85 Gilbert, G. K., U. S. Geog. and Geol. Surveys W. 100th Mer. 
Rept., col. 3, p. 174, 1875. 

86 Idem, p. 159. 
87 Howell, E. E., op. cit., p. 271. 
88 Idem, pp. 281, 247. 

Dutton 89 speaks of the Jurassic a·s · 

a series of bright-red fossiliferous shales • • • beds wbi(·J. 
vary much in quality, some being calcareous, some gypsifer
ous, and others thinly bedded sandstone; • • • the calcare· 
ous layers abound in typical Jurassic fossils. 

In the Kanab Valley they comprise 500 feet of 
"calcareous shales, limestones, and gypsi£erous shales." 

Walcott 90 records 960 feet of beds between White 
Cliff sandstone and demonstrably Cretaceous beds. In 
"cream-colored magnesian limestone and sandy shale," 
115 feet above. the base, MyriUna sp. ~, Oamp1tonootes 
bellistriatus, 0. ewtenUO;t:us?, 0. stygi'UJ8, Pecten n. sp., 
Myaphoria armbilinea·ta, Asta:rte? sp. ~' TrigrJnia? sp. ~' 
Ostrea strigilecula, and Solarium? sp. were collected. 

Near Glendale, Utah, Stanton 91 found 1 to 8 feet 
of red shale, 292 feet of fossiliferous limestone and 
shale, 135 feet of soft red sandy shales, and 15 to 30 
feet of gypsum in turn above the Navajo. 

In. sections measured on the Colob Plateau Lee 9 '.! 

includes 40 feet of red shale and gypsum and '250 feet 
of brown earthy limestone overlying massive Jurassic 
sandstone, and Richardson 93 records 800 feet of vari
colored shale, sandstone, gypsum, ahd marine lime
stone below beds referred by him to the Colorado 
group. 

Fossiliferous and gypsiferous marine beds on the 
east flank of the San Rafael Swell were noted by Gil
bert,94 who placed them at the base of his "Flamjng 
Gorge group "; by Lupton,95 who classed them as basal 

. "McElmo "; and by Emery,96 who considered them 
equivalent to the Todilto of the Navajo country. Near 
Loa, in the Fremont Valley, Dake 97 measured 859 feet 
of shale, sandstone, limestone, and gypsum above 
white cross-bedded Navajo sandstone. From equiva
lent beds a few miles distant Pentacrinus wh'itei Clark, 
0 amptonectes pl(J)tessiforrnis White, and Trig'o'nia 
~luadtrrmgularis were collected. From limestone 22 
feet above the Navajo sandstone in Capitol Reef Wash 
fossils collected by Gregory in 1918 were identified by 
Stanton as 0 strea strigilecula White, 0 ardJiniaJ n. sp., 
0 amptoneotes stygius White, and Trapezi'lllm? sp. 

89 Dutton, C. E., Report on the geology of the High. Plateaus of Utah, 
p. 151, U. S. Geog. and Geol. Survey Rocky Mtn. Region, 1880; 
TertiaJ·y history of the Grand Canyon district: U. S. Geol. Survey 
:Mon. 2, p. 85, 1882. 

00 Walcott, C. D., section measured in Kanab Valley in 1879, in 
Cross, Whitman, and Howe, Ernest, Red beds of southwestern Colorado 
and their correlation: Geol. Soc. America· ~ull., vol. 16, pp. 484-
485, 1905. 

o1 Stanton, T. W., unpublished notes. 
9~ Lee, W. T., The Iron County coal field, Utah: U. S. Geol. Survey 

Bull. 316, p. 362, 1907. · 
03 Richardson, G. B., The Harmony, Colob, and Kanab coal fields, 

southern Utah : U. S. Geol. Survey Bull. 341, p. 381, 1908. 
94 Gilbert, G. K., Report on the geology of the Henry :Mountains, 

p. 6, U. S. Geog. and Geol. Survey Rocky 1\:lt.n. Region, 1880. 
115 Lupton, C. T., Geology and coal resources of Castle Valley in 

Carbon, Emery, and Sevier Counties, Utah: U. S. Geol. Survey Bull. 
628, p. 24, 1916. 

oo Emery, W. B., The Green River Desert section: Am. Jour. Sci., 
4th ser., vol. 46, pp. 551-557, 1918. 

9'7 Dake, C. L., The horizon of the marine Jurassic of Utah: .lour. 
Geology, vol. 27, p. 636, 1919. 
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A. VIEW LOOKING NORTH ACROSS COLORADO RIVER NEAR LEES FERRY 

Tilted benCh is made by massive Shinarump conglomerate. Banded Moenkopi strata unconformably underlie the Shinarump. 
Chinle formation in background. 

SHALE CAPPED 

Note effect of joints on wea thering of the sandstone. The slope is formed by Chinle strata, and the flat in foreground by the 
Shinarump conglomerate. 
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A. WALL OF COLORADO RIVER 8 MILES ABOVE MOUTH OF THE ESCALANTE 

'\Vinga le sa ndstone overlain by Todilt.o (?) formation. The cross-bedding in the Wingate is not. commonly so clearly shown. 

SA DSTONE, SILVER 
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A. GLEN CANYON WEST OF KANE CREEK 

Gunsighl Butte, shown in the view, i composed of the Morrison, Summerville(~), and Entrada formations on a wide 
bench of the~ Carmel form ation , which extends to the foreground. 

B. WALL BORDERING KANE CREEK 

Con tact of Entrada sandstone and Carm el formation. 

C. GLEN CANYON NEAR MOUTH OF WARM SPRINGS CREEK 

The nearly vertical cliff is form ed of Navajo sandstone. The Todilto (?) formation is exposed nea r the river level. 
Photograph by E. C. La Ru e. 
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A. BANDED HED AND WHITE SANDSTONE AND CALCAHEOUS SHALE OF CAHMEL FOHMATION NEAR 
T il E CROSSING OF THE FATHEHS 

B. CLI FF OF MASSIVE ENTRADA SANDSTO E OVEHLAIN BY BA DED SUMMERVILLE STRATA AND 
CAPPED BY HEM A TS OF MORRISON SANDSTONE, HALLS CREEK VALLEY EAH BAKER HANCH 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 164 PLATE 12 

A. SLAB OF RIPPLE-MARKED SI-IALY SANDSTONE IN CARMEL 
FORMATION, 'to FEET ABOVE TOP OF NAVAJO IN DRY CAN
YON, SOUT HWEST OF CANNONVILLE 

C. CROSS-BEDDED ENTRADA SANDSTONE NEAR CANNONVILLE 
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B. MORRISON (?) SANDSTONE ON LOWER W AHWEAP CREEK 
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The 45 to 450 feet <?f beds along upper Glen Canyon 
nnd the Wnterpocket Fold that lie between the Navajo 
sundstone and a "very massive soft light creamy
white, tan, orange-red cross-bedded sandstone" were 
grouped by Longwe~l and Moore 98 as ·" gypsiferous 
shales and sandstones " and placed at the " horizon of 
marine Jurassic "---" Todilto · ( ~) formation of Em
ery," "included in McElmo formation by Lupton." 

In the Diamond Valley, 15 miles north of St. 
George, Utah, and overlying undifferentiated Wingate 
nnd Navajo, Reeside and Bassler 99 found about 460 
feet of "greenish-gray, cream-colored, and brown fos
siliferous marine limestone, underlain by brick-red 
sandstone, shale, and gypsum." Included fossils "Jix 
t.he age as undoubtedly that of the m'arine Jurassic of 
the region." 

The obvious utility of fossiliferous beds as a horizon 
marker in the midst of thousands of feet of unfossil
iferous strata led Gregory and Noble 1 to study the 
"'marine Jui·assic" in the Parunuweap and Kanab 
Valleys at localities where fossiliferous limestones had 
been noted by Powell and Dutton and· to trace these 
beds or their equivalents westward to the Diamond 
Valley and. eastward to Rock Creek. 

In the Long Valley (upper Virgin Valley), begin
ning at the head of Parunuweap Canyon, fossiliferous 
marine Jurassic is exposed on the down-thrown side of 
the fault that marks the west base of the Paunsaugunt 
Plateau-the Sevier fault of Dutton. Near the village 
of Mount Carmel beds that lie between the Navajo 
sandstone and strata assigned to the Cretaceous form 
low cliffs, mesas, ridges, and rounded knobs that are 
distributed as foothills leading upward to the in
tricately dissected Colob Plateau. Measured sections 
include nt their base a series of lhnestone, shale, 
gypsum, and· friable sandstone, for which the name 
Carmel formation has been proposed. 

STRATIGRAPHIC SECTIONS 

A composite section made up of five partial sec
tions at the type locality of the Carmel formation
ull the beds not exposed at any one place-consists 
of the following beds: 

Seotion, of Oa1-mel formation between, Virgin River bridge and · 
· a, point abO'ltt 2 miles we8t of Mou,nt Carmel village, Utah 

[Mensured by Herbert E. Gregory] 

.Cretaceous: Feet 
23-80. Sandstone, buff, brown, coarse, and shale, 

with coaL------------------------------ 200+ 
Cretaceous ( ? ) : 

Morrison ( ?) formation-
22. Sandstone, white; with greenish shale: dis

integrates readily; thickness estimated~- 50 

88 Longwell, C. R., and others, op. cit., p. 4. 
00 Reeslde, J. B., jr., and Bnssler, Hnrvey, op. cit., pp. 54, 64. 
1 Gregory, H. E., and Noble, L. F., Notes on a geological traverse 

from Mohave, Calif., to the mouth of San Juan River, Utah: Am .. 
Jour. Sci., 5th ser., vol. 5, p. 287, 1923. 

Jurassic: 
Summerville ( ?) formation- Feet 

21. Sandstone, banded alternately pale red and 
white, thin bedded, weakly consolidated; 
is essentially a calcareous and gypsiferous 
silt------------------------------------ 180 

Carmel formatiori-
20. Limestone, gray, sandy, ool,itic in part, a lens 

30± feet long; fragments of Trigonia and 
Ostrea __________________ .:..--··----------- lf.~ 

19. Sandstone, banded pale red and white, fine 
grained, friable________________________ 13 

18. Gypsum, white, lumpy ; absent 120 feet dis~ 
tant along strike_______________________ 3 

17. Sandstone, red and green, white banded; 
in composition like No. 19______________ 12 

16. Gypsum, white-green, kneaded into masses 
like gristle in bacon____________________ 16. 

15. Shale, white, gypsiferou1:1 and arenaceous__ ~ 

14. Gypsum, white and green, with pink lenses 
near top; evenly bedded, breaks into 
sheets about 1 inch thick_______________ 4 

13. Unconformity; pockets in eroded surface 
are filled with ·gravel that consists of peb
bles and fragments of quartz, green mud 
shale, and red shale. 

12. Sandstone beds 4 inches to 6 feet thick; 
lower 36 feet alternately banded white 
and pale red, with some bright-red and 
green streaks ; upver part has yellow cast ; 
many beds very uneven and include thin, 
short lenses of contorted lumpy calcareous 
mud, green l.ime shale, and buff platy 
limestone; beds cr~sscrossed with streaks 
of white; in composition like No. 19____ 68 

11. Limestone, light gray to cream-colored, 
dense, brittle, hard; lower part in beds 
3 to 5 feet thick; upper part splits into 

. slabs 1 to 3 inches thick ; topmost bed 
made porous by removal of clay nod
ules; foliation surfaces profusely ripple 
marked; contains Trigonia quadffangulari8 " 
Hall and Whitfield, Dosinia jur~s8ica 

Whitfield, and undetermined gastropods ; 
forms caps of mesas____________________ 28 

10. Shale, gray to buff, in paper-thin over
lapping beds, calcareous ; foliation sur-
faces smooth and glistening_____________ 10 

9. Limestone, cream-colored, dense, hard, sili-
. ceo us, with thin lenses and seams of 
chert; breaks with conchoidal fracture__ 1% 

8 .. Shale like No. 6; forms slope on all mesas 
in this vicinity------------------------.:.. 35 

7. Limestone, buff, earthy, one massive bed; 
top consists largely of broken shel1s_____ 2 

6. Shale, calcareous and arenaceous, and thin 
earthy limestone, gray to cream-colored, 
flaky, friable, in discontinuous beds; fos
sils abundant, including 08treQ, strigi
lecula White and Lima ocoidentali8 Hall 

· and Whitfield___________________________ 22 

5. Sandstone, gray to buff, very calcareous ; 
top few inches coated with beautifully pre
served stem joints of Pentacrinus Cll8teris-
cu8 Meek and Hayden__________________ ,.4 
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Jurassic-Continued. 
Carmel formation-Continued. Feet 

4. Limestone and calcareous shale ii1 beds 
less than 1 inch thick________________ 18 

3. Limestone, cream-colored, earthy at bot
tom, few feet pink, and very sandy in 
cliff sections, apparently in beds 4 to 8 
feet thick but weathers into thin 
slabs--------------------------------- 20 

2. Shale, brick-red, breaks into thin hard 
chips, calcareous at the top___________ a 

1. Sandstone, green-white, in places con
glomerate with red quartz ~rains, 

green mud pellets and shale fragments ; 
along strike this bed thickens, thins, 
or disappears ------------------------ 6 

Total Carmel formation __ .___________ 269+ 
Unconformity. 
Jurassic(?) : 

Navajo sandstone. 

The complete list of fossils collected from the lower
most 150 feet of the Carmel formation on the Virgin 
River ·embraces the following forms: 

Pentacrinus asteriscus Meek 
and Hayden. 

Rhynchonella sp. undet. 
Eumicrotis curta (Hall). 
Ostrea strigilecula White. 
Cardinia? n. sp. 

Camptonectes stygius White? 
Modiola subimbricata Meek. 
Modiola pertenuis Meek and 

Hayden. 
Modiola sp. undet. 

Trigonia quadrangularis Hall 
and Whitfield. 

Astarte packardi White. 
Dosinia jurassica Whitfield. 
Ammonite fragment? 

Trigonia americana (Meek). 
Camptonectes platessiformis 

White. 

Seotion of Carmel formation at the head o.t Par1muweap 
Canyon, Utah 

[Measured by L. F. Noble] 

G. Limestone; makes two cliffs with a ledgy slope 
between them : 

Limestone, very massive, bluish gray, crys
talline, in beds that range from 2 inches 

. Feet 

to 3 feet in thickness ; forms a strong 
cliff ; fossiliferous, but the fossils are 
poorly preserved--------------------~-- 8 

Limestone, buff, crystalline, and shale, 
platy, calcareous, in alternating beds·; 
make slope; the limestone beds average 
4 inches in thickness, the shale beds 1 

foot-------------~--------------------- 12 
Limestone, platy, buff, somewhat sandy, in 

beds ranging from one-fourth inch to 4 
inches in thickness; forms a cliff; con
tains seams of calcite; some beds are 
crystalline ; topmost bed, 6 inches thick, 
is very fossiliferous _________________ ,_ __ . 15 

--- 35 
5. Shale ; makes a slope : 

Shale, thin bedded, buff, calcareous.; ·upper 
half ·almost a ·limestone________________ '53 

Shale; buff, sandy; a few beds are red~--- 15 
Limestone, hard, buff, platy, . in papel'!thiu, 

wavy laminae ____________________ .:_ ____ '--- 5 

5. Shale; makes a slope-Continued. Feet 
Clay shale, ·buff to smoke-gray; contain~ 

local beds of platy buff calcareous shale; 
a few beds, 1 to 2. feet thick, are reddish 
or purplish---------------------~------ 23 

4. Shale and limestone; make a weak cliff, or a 
steep !edgy slop~ : 

Limestone, buff; in massive bed that con
tains many fragments of small shells; 
makes cliff _____ .:_______________________ 1% 

Shale, sandy, buff; makes slope___________ 10 
Limestone, sandy, buff, sparingly fossilifer-

ous ; makes small cliff__________________ 3 
Shale, buff, sandy; makes slope___________ 5 
Sandstone, calcareous, platy, containing 

several fossiliferous beds, made up 
largely of fragments of shells; the pre
vailing color of the sandstone is buff, but 
some beds are slightly purplish; the fo~
siliferous beds average less than 4 inches 
in thickness ; the sandstone makes a 
weak cliff----------------------------- 5 

3. Shale, sandy, buff; makes slope; most of the 
shale is in. paper-thin laminae; contains local 
beds of buff platy calcateous shale, most of 
which are less than 2 inches thick __________ _ 

2. Limestone; makes cliffs: 
Limestone, sandy, made up almost entirely 

of small fragments of shells ; every
where a very conspicuously fossiliferous 
bed---------------~-------------------

Limestone, cherty (like No. 4), in beds 
that average 6 inches thick, alternating 
with beds of buff arenaceous platy lime
stone {like No. 3) that average 4 feet 
thick ; makes a set of cliffs broken by 
ledges--------------------------------- 17 

Limestone, fossiliferous, platy, buff, mottled 
with many small masses of white chal
cedony or chert; weathered surfaces are 
rubbly ; the bedding is wavy, and . the 
laminae· average one-fourth inch thick; 
fossils very poorly preserved _____ ·______ 1 

Limestone, dense, buff, somewhat arena
ceous, crystalline ; forms strong cliffs; the 
rock appears massive in many outcrops, 
breaks with a conchoidal fracture, and 
seemii1gly forms solid beds that range 
from 6 to 10 feet in thickness, but 
weathered exposures show· that it is actu
ally thin bedded and platy, being made 
up of laminae that range from one-fourth 
to one-half inch in thickness; some lami
nae are as thin as cardboard ; the basal 
5 feet of the limestone is purplish and 
is much more sandy than overlying por-
tions__________________________________ 17 

1. Shale, reddish or purplish, soft, sandy, and 
thinly laminated; the upper part is calcare-

96 

20 

35¥:! 

ous; forms a slope_________________________ 12 

Total Carmel formation__________________ 222 

The base· o'f. N 0. ~ IS a 'level line that truncates the 
inclined wedges of the undet~lying Navajo )sandstone, 
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a white, fine-grained sand~tone that is cross-bedded 
on a huge scale. . 

In sections of the Carmel formation 1n the Virgin 
Valley and also in the J(anab Valley the beds that 
include limestone pass upward into banded sandstone 
without clear evidence of change in conditions of 
deposition. The upper limit of the Cnrmel is some
what arbitrarily drawn to include only fossiliferous 
limestone and associated arenaceoy.s shale. vVithin the 
l(aiparowits· r'egiol:l, with the possible exception of 
beds exposed at Cannonville, no such uncertainty ex
ists; shale. and limestone assigned to the Carmel are 
sharply bounded by the Navajo beneath and the mas
sive cross-bedded Entrada sandstone above. (See pl. 
22, .A..) 

The arrangement of beds in the Paria Valley, along 
Glen Canyon, in the Escalante Valley, and in the 
Hall Valley is shown in the following sections : 

Seot·ion in Dry Canyon (Rock Springs G1tlcl1-, Oe(~(tl" Wash.), 
nbo1t·t 2 1111iles above jwwtion 'UJitlr, Pa/'i(c Ri·ver 

[Measured by L. F. Nollie] 

Jurassic: 
Entrada sandstone- l!,eet 

23. Sandstone, yellow-white, massive, cross
bedded------------------------------- 119 

22. Shale, red, sandy, very une,·enly bedded__ 2 

Carmel formation-
21. Limestone, gray, weathering buff, massive, 

fine grained, crystalline, probably 
sandy ; contains obscure fossils________ 1 

20. Shale, red------------------------------ n 
10. Limestone, like No. 12------------------ 1 

18. Shale, red-----------..,.------------------ n 
17. Limestone, like No. 12------------------ 3 
16. Shale, buff to whitish, calcareous ; forms 

a weak cliff __________________________ . 8 

15. Bed of porous travertinelike calcareous 
material; a horizon at which spriugs 
issue ; forms an alcove _____ .,. _____ :..____ 1 

14. Cluy shnle, buff to brown; contains a 
layer of bluish calcareous shale near the 

. top--------------------------------'"- 4 
13. Clay shale, reel, with greenish blotches; 

includes a few greenish beds at irregu-
lar intervals------------------------- 13 

12. Shale, red, sandy ____________ ...;.:.._:.._______ · 10 

11. Shale, greenish, sandy, calcareous,. in 
wavy, thin laminae; many latMnae as 
thin as paper; foliation su.rfaces ripple 
marked; worm trails and markings 
common ; some beds several inches .thick. 
are practically limestone; they appear 
massive in many · exposures, but 
weathered outcrops show thin· lamina-
Hun ___________________ ~----~-~-~~~~-- 8 

Jurassic-Coiltiiiued. 
Carmel formation-Continued. l!'eet 

10. Shale, g-r~enish and. buff, sandy, calcare
ous ; many beds as thin as cardboard, 
some as much as an inch thick; tl;le 
thicker beds are calcareous, the th!nner · 
ones sandY----~-------~----------~--- 5 

0. Clny shnle, brownish, in laminae that 
rnnge in thickness from that of paper 
to that of cardboard; some outcrops 
s~a!ned black_________________________ 4 

8. Clay shale, greenish, in paper-thin laminae_ 1 
7. Clay shale, red, sandy, not so thinly lami-

nated as No. 19----------------------- 4 
6. Shale, greenish, sandy------------------ 1 
5. Shale, bluish, soft, calcareous; exhibits 

marked coucretionary structure; largely 
concealed_____________________________ · G 

4. Shale, bluish-gray, ca:lcareous; in places 
passes into limestone; appears to form u 
single massive bed, but weathered sur-
faces show very thin lam inn tion ; in 
places the laminae are as thin as paper ; 
many of them are slightly wavy, owing 
probably to ripple marl.:ing; a .few beds 
nre dense, very finely crystalline lime-
stone and contain tiny masses of 
chalcedony ---------------------------

3. Snndstone greenish, soft; becomes in-
creasingly calcareous upward and passes 
·at the top into platy calcareous sand-

stf?ne -----------.--------'----""1--------
2. Limestone, brown, ferruginous; contains 

scattered grains of quartz, most of 
which are less than 5 millimeters in 
dituueter ____________________________ _ 

1. Sandstone, greenish and yellowish, fine
grained; in very thin wavy laminae but 
weathering as a massive bed _________ _ 

8 

4 

7 

Total Carmel formation_____________ 89 
.Jurassic(?). 

Navajo sandstone, white; its inclined wedges are truncated 
by No.1. 

Noble divides this section, beginning at its top, into 
limestone that forms a cliff (beds 21-17) ; shale that 
for.ms a slope (be.ds 16-12); ripple-marked calcareous 
shale that forms a weak cliff (bed 11) ; shale that 
forms a slope (beds 10-5); shale that forms a weak 
cliff (hed 4) ,; and sandstone that forms a slope (beds 
3-1). 

Bed 11 is a prominent feature of the .lowermost 40 
feet of the Carmel formation in the Paria Valley. At 
all the outcrops studied the ripple marks. are persist
ent, and the resistance of the rock to weathering favors 
the accumulation of ripple-marked slabs on .talus slop~s 
and canyon floors. (See pl. 12, .A..) Careful search 
for fossils in calcareous beds of the Carmel resulted in 
finding indeterminable fragments and imperfect casts 
that strongly suggest identity with the marine Jurassic 
faun~ :of the Virgin .River. ~orm trails and borings 
are common. 

! ~ 
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Sl:ttion of Oarmcl formation about 2 miles west of Meskin Bar, 
Colorado River, Utah 

[Measured by L. F. Noble] 

Carmel formatio~: · 
5. Sundstone, reddish, fine-grained ; forms a cliff. 

Layers massiv.e but irregularly bedded ; basal 2 

feet hard and calr~areous---~-----------------

4. Shale, red ; forms a slope-
Shale, very soft, red, sandy ; in paper-thin 

Feet 

6 

laminae _________________ ·________________ 23 

Shale, red, fine-grained, sandy ; upper 1 foot 
massive, but friable_____________________ 3 

H. Calcareous sandstone, forming a cliff
Sandstone, massive, pink, calcareous; in 

26 

places practical1y a limestone____________ 1 
Sandstone, pink, platy, calcareous; in places 

practically a limestone; laminae as thin 
as cardboard____________________________ 1 

Shale, conspicuously ripple marked, platy, 
greenish white, calcareous; practically a 
thin-bedded limestone : laminae as thin as 
cardboard ; thi13 bed and the two overlying 
beds ( 4 and 5) form ledges Just above the 
top of the cliff formed by bed 2----------- 1 

Sandstone, reddish, compact, calcareous, in 
two massive beds, each 2% feet. thick, 
separated by 1 foot of red sandy shale; 
much calcite present along cracks_________ 6 

2. Sandstone, reddish, soft; forms a slope-' 
Sandstone, red, shaly; a consolidated sandy 

9 

mud -----------------------------~------ 2 

irregularly bedded calcareous shale is a bed 2 inches 
thick made up of paper-thin laminae almost as hard 
and as brittle as porcelain. 

Section of Carmel formation about 2 miles east of Escalante 
village 

[Measured by Herbert E. Gregory] 

Entrada sandstone, yellow-red, massive ; in texture re
sembles Navajo. 

Carmel formation : Feet 
10. Gypsum antl gypsiferous shale, with subordinate 

shaly sandstone ; gray, red, purple, and ash
colored ; forms a plain across upturned strata; 
largely concealed; thickness estimated_______ 85 

9. Sandstone, thin-bedded, or sandy shale, gray; 
highly calcareous, imbricated; glistening fo
liation surfaces covered with ripple marks and 
patches of hardened sand; very irregular in 
thickness, composition, and extent of beds____ 24 

8. Shale, calcareous, and thin sandy limestone____ 12 
7. Gypsum, white, massive, with few lenses and 

stringers of white sandy shale ; forms gulch ; 
partly concealed____________________________ . 45 

6. Sandstone, red-yellow, massive, cross-bedded____ 7 
5. Shale, red, sandy, unevenly bedded ___ ·_________ 4. 
4. Sandstone, buff, regularly bedded ; one bed 4 feet 

thick ; other beds thin_______________________ 11 . 
3. Shale, sandy, or shaly standstone, pink, with ir

regularly placed patches of red, calcareous; 
thin lenses of limestone ; foliation surfaces sun 
dried, ripple marked, and dotted with mud 
lumps------------------~------------------- 8 

2. Limestone, pink, brittle, and paper-thin sandy 
shale, imbricated, ripple marked_____________ 2 

1. Sandstone, red, shaly, calcareous, with patches 
of coarse sand.grains_______________________ 8 

Sandstone, massiv.e, compact, red ; probably 
calcareous--------------------------~----

Total Carmel formation___________________ 206 

1 Navajo sandstone, yellow-white. 

Sandstone,· red, shaly; like No. 5------------ 2 
San(J.stone, in massive gnarly bed, brecciated 

red------------------------------------- 2 
Sandstone, red, shaly; like No~ 5___________ r; 

1. Sandstone, "pinkish or reddish, v.ery hard, com
pact, fine-grained, quartzitic ; practically a · 
quartzite; forms a v.ery persistent tiny cliff 
at the summit of the Navajo sandstone; the 
rock is ripple marked in places, and its sur
faces are coated with black desert varnish; 
the thickness ranges from 4 inches to 2 feet ; 
it resembles beds in the Cambrian Tapeats 

l2 

sandstone of the Grand Canyon ____ _:__________ 2 

Total Carmel formation--------------------· 55 
Navajo sandstone, white, cross-bedded on a huge scale. 

Near the Crossing of the Fathers the sandstone and 
shale that n1ake up the lowermost 35 feet of the Car
mel formation are calcareous and include a bed of 
hard pink limestone 3 inches thick and several lentils 
of limestone within ripple-marked shaly sandstone. 
(See pls. 10, B, 11, .A.) At the mouth of Rock Creek 
the only limestone noted within 30 feet of red lumpy, 

Section of Cannel formation in Ha·lls VaUey nea·r Burr trail 

[Measured by IIerbert E. Gregory] 

Entrada sandstone, white to yellow-red, massive _____ _ 
Carmel formation : 

7. Shale, gypsiferous, light red, brown, greenish 
white ; includes beds of gypsum 3 to 8 feet 
thick, thin white sandstones, sandy red 
shales, and partly concealed ________________ . 

6. Limestone, brown, sandy, and lenses of lumpy 
shale; very irregularly bedded, many lateral 
unconformities; some foliation surfaces ripple 
'lnarked -------------------·----------------

5. Shale, white, calcareous, even bedded ________ _ 
4. Limestone, buff, earthy----------------------
3. Shale, bright red, calcareous. and arenaceous, 

very unevenly bedded ; resembles compacted 
silt; and gray nodular limestone, lenticular __ 

2. Sandstone, gray, and red shale _______________ _ 
1. Sandstone, brown, lumpy, imbricated, lenticu

lar ; includes lenses and pockets of quartz 
pebbles ; rests on unev.en surface of under-
lying sandstone; average thickness _________ _ 

Total Carmel formation _________________ _ 

Navajo sandstone. 

Feet 
·600± 

230 

6 
12 
1 

40 
5 

4 

298 
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Near the mouth of Halls Creek the limestone that 
is commonly associated with the Carmel formation is 
inconspicuous, but from the Burr trail northward to 
the east flank of the San Rafael Swell an incr~asil)g 
a.mou~t of brittle siliceous limestone, earthy limestone, 
and highly calcareous shale appear in .measured sec
tions, and the fossil fauna likewise increases in abun
dance and variety. 

ENTRADA SANDSTONE 

The Entrada sandstone is conspicuous alike for 
color, massiveness, and boldness of sculpture. On 
both sides of Glen Canyon between Wahweap and 
R:ock Creeks the sandstone rises above an intricately 
dissected badland floor of Carmel strata as hiO'h un-

o ' 
scalable walls of projecting spurs ai1d of det~ched 
mesas, which stand in front of promontories that ex
tend outward from the J(aiparowiis Plateau. (See 
.pl. 10, A, B.) East of Rock Creek these walls con
tinue around the end of the J(aipat;owits Plateau and 
thence northwesbvard for 30 miles alon()' the StraiO'ht 
C

. b b 

hffs and reappear near the village of Escalante. In 
the upper Paria Valley they are prominently dis
played and along the east side of Halls Creek con
stitute an outstanding topographic form. (See pl. 11, 
B.) The sandstone is traced northward into the coun
try about the San Rafael Swell, from a point in which 
indeed, the name is derived.2 The thickness ran()'e~ 
from 20 feet to more than 600 feet. o 

The Entrada sandstone is included in sections of 
"~cEhno" Ineasured by Lupton .and is. readily recog
nized as the lower part of the J ura.ssic " Yaricolored 
sandstones and shales" of Longwell, Miser, Moore, 
Bryan, and Paige. Emery 8 and Lee 4 correlated the 
Entrada with the Navajo. 

The Entrada is essentially a fine, even-grained sand
stone that contains subordinate amounts of shale. 
Some exposures consist of a single massive sandstone 
ledge that has inconspicuous irregular bedding planes; 
others show a series of heavy-bedded sandstones or 
sandstones with interbedded shales .. The Entrada in-· 
eludes conglomeratic Inasses of shale and sandstone 
fragments and lenses of green-gray sandstone, which 
in some places stand out like shelves on slopes that 
otherwise weather as shale. Cross-beddinO' is com-

• • b 

mon J In some sectiOns cross-bedded and horizontally 
bedded strata alternate, but nearly all the rock of some 
great cliffs is cross-bedded, with tangential sweeps 
that simulate the Navajo. Within the beds are local 
unconformities; broken fragments li.e in pockets; and. 

11 Gllluly, James, nn<l Reeside, J. B., jr., Sedimentary rocks of the 
Sun Rnfnl!l Swell nnd some adjacent areas in eastern Utah: U. s. 
Geol. Survey Prof. Paper 150, pp. 76-78, 1!128. 

8 Emery, W. B., op. cit., pp. 576-572. 
'Lee, W. 1'., Enl'ly Mesozoic physiography of the soutllem Rocky 

Mountains: Spllthsoniun Inst. :\:Usc. Coli., vol. 69. p. 27, 1!118. 

short, fat lenses of overlapping shale and tiny concre~ 
tions are distributed unevenly over eroded surfaces. 

In the Kaiparowits region the prevailing colors of 
the Entrada are ~an, light red, and brown. Some out
crops are gray or even blue-gray, and in the Dry 
Valley the tone is yellow-white to lemon-yellow. 
Patches and ribbons of white of irregular thickness. 
and length appear on the cliff 'faces in a seemin()'ly. 

• b 

haphazard fashwn. . 
Microscopic study of selected specimens shows that 

the sandstone consists of clear grains of quartz (about 
95 per cent) and fragments of clouded orthoclase 
(about 5 per cent). Some biotite is present in all 
specimens. Six per cent of the grains avera()'e 0.15 
millimeter in diameter, 90 per cent average O.OS milli~ 
meter, and 4 per cent make up a powder-like silt that 

I
' i~1clucle:. ~alms of biot~te arranged in layers .. There is 

httle ev 1dence of sorting. Most of the O'rau1s espe
cially the smaller ones, are angular. The

0

ceme~t con
sists of ca\cite and ferric iron. The white blotches and 
bands in the rock are identical with the red in com
position except that the discontinuous cen1ent is 
wholly calcite. A specimen of white rock from equiv
alent beds oi1 the crest' of the Echo Cliffs. near Tuba 
Ariz., consists likewise of quartz and orthoclase, bu~ 
96 per cent of the grains are about 0.16 millimeter in 
diameter and remarkably well rounded, and about 25 
per cent of then1 are wind etched. 'All cement has 
disappeared. As compared with the Navajo, the En
trada sandstone has finer, more . uniform, less sorted 
grains and more silt, and appears to be lacking in 
Inagnetite, garnet, zircon, and tourmaline. 

Because of the weak cement the massive Entrada 
sandstone is friable and weathers into dome-shaped 
masses and round -edged cliffs generally grooved along 
bedding planes. 

SU1Ul\IERVILLE FORl\IATION 

In southeastern Utah many measured sections in
cl~de a variable. thickness of thin-bedded or rarely 
th1ck-bedded sandstone, interstratified with sandy 
shale and containing some conglomerate aiid a small 
amqunt of gypsum and limestone-a highly variable 
assemblage of strata resting unconformably on the 
Entrada and terminated upward by a surface of ero
sion at the base of the :Morrison. · The sediments that 
occupy this interval.at the San Rafael Swell have been 
divided into the Curtis formation, which consists of 
greenish-g·ray congl01nerate, shale, and gray heavy
bedded sandstone, 76 to 253 feet thick, and the Sum
merville formation, which consists of thin-bedded 
chocolate-colored sandstone, earthy red-brown sand
stone, and shale, with some gypsum and a little lime
stone in some sections, 125 to 331 feet thick. From 
the Curtis formation, which immediately overlies the 
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Entrada, fossils of Sundance age were obtained, thus 
making the relation between the Entrada and the Cur
tis similar to that between the Navajo and the Carmel. 
In the Kaiparowits region beds that .occupy the posi
tion of the Summerville are generally present, but 
vary widely in thickness and lithologic features, and 
no fossiliferous beds comparable to the Curtis forma
tion have been recorded. Correlation therefore can 
not be made with assurance, especially at phices where 
tl~e usually thick, massive Entrada loses its identity, 
where the Smnmerville-Morrison unconforn1ity is 
poorly marked, or where the Morrison itself is incon
spicuous or absent. Gilluly a·nd Reeside 5 have found 
that the Curtis. formation thins southward from- its 
. type locality in the San Rafael Swell and disappears 
before reaching Muley Twist Creek, on the vVater
pocket Fold. It seems reasonable to assign to the 
Summerville formation beds at this horizon on Halls 
Creek, in the Escalante and Paria Valleys, and along 
Glen Canyon. As thus interpreted, the Sumn1erville 
formation averages about 100 feet thick along Hall 
Creek, 100 feet in the Escalante Valley, 250 feet in _the 
Paria Valley, and 150 feet south of the Kaiparowits 
Plateau. 

As a topographic feature the Summerville of the 
l{aiparowits region appears ·as strikingly colored rocks 
that slope steeply outward from the base of vertical 
sandstone cliffs. Horizontal color bands of alternat
ing red and white, so narrow as to appear like lines, 
are characteristic. They make the Summerville one 
of the most attractive fonnations in the plateau 
province. Where not protected by caps of J\1orrison 
or Dakota ( ~), the strata crmnble readily, forming 
miniature ridges, mesas, buttes, and canyon walls, un
evenly painted with tones of white, red, brown, yellow, 
and gray-green. 

There are many lenticular beds a1:cl beds that in
clude lenses of hardened mud lmnps and of shale frag
ments. Unconformities within the formation are com
mon. Substantially the formation consists of poorly 
cemented sandstone, arranged in thin beds. Gypsum 
forms part o.f most sections, but beds of limestone are 
rare. The few beds of clay shale noted have rippled 
foliation surfaces that are coated with grains of sand. 
Microscopic examination of "banded shale" at Can
nonville revealed the presence of clear quartz, 90 per 
cent; clouded orthoclase and albite, 10 per cent. 
About 20 per cent of the grains have average diameters 
of 0.2 to 0.3 millimeter; 80 per cent range from grains 
0.2 millimeter in diameter to dust. About 15 per cent 
of grains that exceed 0.2 millimeter in diameter are 
well ~ounded and wind etched ; the smaller grains are 

6 Gilluly, James, and Reeside, J. B., jr., Sedimentary rocks of the 
San Rafael Swell and some adjacent areas in eastern Utah : U. S. 
Ge~l. Survey Prof. Paper 150, p. 7R. 1928. 

angular. The cement of the red shales is ferric iron 
and calcite, and that of the w:hite parts is calcite only 
or in a few specimens c~lCite and gypsum. 

· SAN RAFAEL GROUP AND MORRISON FORMATION 
(CRETACEOUS1) UNDIFFERENTIATED 

In most of the Kaiparowits region strata of the 
San Rafael group and the Morrison formation com
bine to make a topographic and color unit, in ·which 
brightly variegated slopes and cliffs rise above a well
·defined floor of uniformly ·colored Navajo sandstone 
and are protected from erosion on top by a resistant 
platform of dull-colored Dakota ( ~) sandstone. In 
measuring sections and studying stratigraphic and 
lithologic features it was found convenient to treat the 
San Rafael and J\1orrison together and to describe 
their combined· features as they are represented in 
four areas-the Halls Creek Valley, the Escalante 
Basin, the Paria Valley, and the Glen Canyon region. 

HALLS CREEK VALLEY 

Along_ Halls Creek (Hoxie Creek) the San Rafael 
and Morrison are well displayed between the Navajo 
sandstone, which forms foi· long distances the enor
mous roll of the V\T aterpocket flexure, and the Upper 
Crataceous beds, which are built as a giant stairway 
that leads up to the base of the Henry Mountains. 
Halls Creek at 'its mouth is sunk in the Navajo sand
stone, and as the winding course of the stream is fol
lowed northwestward progressively higher beds ap
pear. At the head of the creek the San Rafael and 
Morrison occupy the middle portion of a series of 
ntagnificent cliffs and slopes, including, as measured 
by Moore,6 all formations from the base of the Moen
kopi to the top of the Masuk sandstone-7,460 feet 
of strata arranged in huge ·bands of color. 

At the north end of the Waterpocket Fold, between 
Notom and Bown's ranch, the land surface is devel
oped in the limestone and powdery shale beds of a 
fonnation that contains marine Jurassic fossils. 
Above it rise cliffs that include 60 feet of massive and 
shaly, earthy gypsum and 160 feet of banded light-red 
and dark-brown shille and gypsiferous "marl," all 
assigned to the Carmel formation. The Entrada is 
here represented by about 200 feet of fine and even 
grained light-red sandstone, the lower one-third mas
sive. The 600 feet of arenaceous shale in thin alter
nating beds of light-red and green-gray, the 12 feet of 
impure gypsum, and the 36 feet of cream-colored, 
dark-red, and greenish nodular limestone, intermin
gled with red sandy shale, which overlie the Entrada, 
are probably equivalent to the combined Curtis and 
Summerville formations. 

e Longwell, C. R., and others, Rock formations in the Colorado 
Plateau of southeastern Utah and northern Arizona: U. S. Geol. 
Survey Prof. Paper 132, pp. 21-22, 1!>23. 
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Near the mouth of Halls Creek the base of the San 
Rafael group consists of 3 to 12 feet of hard, gritty 
sandstone that has clean-washed, white subangular 
quartz grains and of sandstone intermingled with red 
arenaceous, calcareous shale, which rest on an uneven 
surface of Navnjo sandstone thnt forms the walls of 
the Colorado Canyon. Above this bed lies about 130 
feet of lumpy arenaceous and calcareous shale that is 
interbedded with red, gray, and white fine-grained 
sandstone in irregular beds of different thicknesses. 
Gypsun1 is dissen1inated throughout and forms thin, 
short lenses in the uppermost 20 feet. T'he space be
t:ween 'these gypsi:ferous beds and the thin stratum of 
red arenaceous shale that immediately underlies the 
Dakota ( ~) sandstone is occupied by tow~ring cliffs of 
red massive cross-bedded Entrada sandstone, some
what like the Navajo in composition, structure, and 
color, and in having a division plane that is made 
by thin-bedded sandstone about 225 feet from the base 
of the 1,000-foot wall. (See pls. 11, B, and 19, A.) 

At the Baker ranch, 7 n1iles from the mouth of Halls 
Creek, the broad subdivisions of the San Rafael and 
the Morrison, beginning at the base, are ( 1) sandstone 
grit, reel, gray, and white sandstone, and red arena.:. 
ceous, calcareous shale, with gypsum (Carmel forma
tion); {2) red massive cross-bedded sandstone that 
wenthers into smooth, rounded knobs, on the sides of 
which are m11ny pits and miniature caverns, and forms 
a prominCJ~t heavy-bedded, unevenly bedded terrace 
(Entrada sandstone) ; (3) reel thin-bedded sandstone, 
together with some arenaceous shale, sparingly gypsif
erous (Summerville formation) ; ( 4) red and light 
green-gray massive cross-bedded friable sandstone, in 
places coarse grained and lenticular, which is irregu
larly streaked with white and includes white beds 
(Morrison formation); and (5) arenaceous shale, 
banded light red and green-white (M:orrison forma
tion). In places the lower massive sandstone (No.2) 
is even redder than the typical Navajo, but within a 
few miles its color becomes light yellow-red, brown, or 
reel streaked horizontally and diagonally with broad 
bands o:f white. The upper sandstone (No. 4) like
wise varies in color and along the strike breaks up. 
into thin friable beds, which are eroded into badland 
mesas and buttes that are crossed and capped by lenses 
of conglomeratic sandstone. In places beds 4 and 5 
. unite to :form one mass of banded sandstone·; elsewhei·e 
bed 5 is absent or becomes massive and .the upper 
heveled surface of thick-bedded green-white or light
red sandstone comes into contact with the Dakota ( ~) 
sandstone. 

In severn! sections that were measured in the vicinity 
of the Burr trail, where a large part ~·f the l\1esozoic 
is exposed in beds that dip 5°-50° E., the base of 
the San Rafael is marked by 4 to 11 feet of brown- · 
gray nodular, l.enticuln.r, Yery jrregular coarse sand-

stone ,,·hich rests in hollmvs and on rounded surfaces 
of the Navajo, here more than 1,200 feet thick. Above 
this sandstone lie 75 to 100 feet of strata, which include 
six beds of limestone, the thickest measuring 5 feet, 
·interbedded with thin gray sandstone and bright-red 
sandy imbricated calcareous shale. Some of the lime
stone beds are composed of \Yhite paper-thin layers 
that have smooth glistening surfaces; others are brown, 
sandy, and nodular, are intermingled cnpriciously with 
lumps of sl.1ale and accumulations of clean sand, and 
show many lateral unconformities and areas of ripple 
marks. The uppermost limestone bed is overlain by 
about 100 feet of impure gypsum and gypsiferous 
shale, above which comes a massiYe cross-bedded yel
low-red to white sandstone about 500 feet thick, and 
this in turn is followed by about a.n equal thickness of 
bedded friable sandstone (Entrada formation). The 
top of each section consists of about 300 feet of inter·
bedded yellow-red and green-white sandstone and red 
sandy shale. One of these sandstone beds 120 feet 
below the cap rock of Dakota ( ~) sandstone is Yery 
coarse grained and strongly cross-bedded and includes 
small pebbles of chert, agate, jasper, and quartzite 
from which water emerges as seeps. Two miles south 
of the Burr trail this bed is 25 feet thick and consists 
of a series of lenses of calcareous sandstone, calcareous 
shale, and limestone conglomerate, within which is a 
stratum that contains masses as large as 2 by 12 feet 
of attractively colored red, yellow, and pink chert that 
resembles jasper. 

In all the sections studied south and east of the 
Baker ranch no continuous bed of gypsum more than 
1 foot in thickness was seen, but ·the prevalence of 
slumping suggests the presence of such a bed. Six 
miles to the north 15 :feet of massive gypsum lies 60 
feet above the Navajo sandstone, and from Muley 
Twist Creek to the Bitter Creek divide gypsum ap
pears as one or more beds within the lowermost 100 
feet of the ·san Rafael group. Farther north, at Tan
talus Creek and along the east flank of the San Rafael 
thvell, gypsum is persistent in the lowermost 200 feet 
and appears also at horizons above the massive cross
bedded Entrada sandstone. Likewise the limestone 
that is commonly present. at or near the base of the 
Carmel formation is inconspicuous along lower Halls 
Creek, and no limestone beds were noted in a section 
measured on lower Hanson Creek (Pine Alcove Creek) . 
From the Burr trail northward brittle siliceous lime
stone and highly calcareous shale appear in all sec
tions. No determinable fossils were found along the 
''T aterpocket flexure, but from Tantalus Creek north
ward fossiliferous. Jurassic limestone that contains 
gypsum and red shale forms the base of the San Rafael 
group. A heavy bed of red sandstone (Entrada) 
above and another one (N ava.jo) below this limestone 
give a series of beds similar in color and arrangement 
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and to a less degree in structure and composition to 
the Glen Canyon group. This remarkable similarity 
appears to have led Emery 1 to correlate the fossilifer
ous limestone and gypsum beds with the Todilto of the 
Navajo country. 

The variation and arrangement of beds comprising 
the San Rafael and Morrison in a distance of about 35 
miles along Halls Creek is shown in the following sec
tions: 8 

A. Sect·ion about 8 miles ab01Je mouth of Halls C1·eek, Utah 

[l\Ieasured by Raymond C. Moore] 

Cretaceous ( ? ) : 
Morrison formation- Feet 

5. Sandstone, reddish brown and light green-
hsh gray, massive, hard, irregularly 
bedded ; conglomeratic, forms prominent 
escarpment ; thickness reduced by ero
sion___________________________________ 764-

Jurassic: 
Summerville formation-

. 4. San!}stone,. thin bedded, red_____________ 123 
Entrada sandstone-

3. Sandstone, tan and brown, massiYe, soft, 
cross-bedded___________________________ 850 

Carmel formation-
2. Shale, light red and greenish, sandy; con

tains beds of white sandstone and gyp-
sum---------------------------------- 90 

1. Shale, . maroon, and hard fine-grained 
quartzitic sandstone ; forms escarpment_ 50 

1, 189+ 
Jurassic(?) : Navajo sandstone at base. 

B. Section .3 m-iles below mo·uth of Muley T•w·ist Creek, Utah 

[Measured by Raymond C. Moore] 

Cretaceous ( ? ) : 
Morrison formatiqn-

5. Shale, greenish red and purple, sandy-----
4. Conglomerate, red and gray, massive, irreg

ularly bedded; weathers brown; grades 
to coarse gritty saildstone _____________ _ 

Jurassic: 
Summerville formation-

3. Red shale and thin-bedded sandstone _____ _ 
Entrada sandstone and Carmel formation-

2. Sandstone, massive, soft, cross-bedded, 
white; grades downward to tan-brown ; 
weathers in smooth rounded slopes; dis
integrates very readily and in part is cov
ered; gypsiferous light-red sandy shale 
at base, mostly concealed ______________ _ 

1. Shale, dark-red to maroon, sandy; capped 
by hard quartzitic sandstone ___________ _ 

Jurassic(?) : Navajo sandstone at base. 

Feet 
200+ 

202 

93 

1,220 

40 

1,755 

7 Emery, W. B., The Green River Desert section: Am. Jour. Sci., 
4th ser., voi'. 46, pp. 551-557, 1918. 

8 Longwell, C. R., and oth,'rs, op. cit., pp. 21--22 (sections A and D). 

C. Sect'ion at B·u,rr trail, "/ miles above mouth of M·uley Tw·ist 
C1·eek, Utah 

[Measured by Raymond C. Moore] 

Cretaceous(?) : 
Morrison foqnation- Feet 

5. Shale, soft, sandy, light bluish, with thin 
bands of red_____________________________ 230 

4. Sandstone and sandy shale in five 
beds-

Sandstone, yellowish brown, con
glomeratic -------------------- 5-7 

Shale, bluish drab and red, sandy_ 20 
Sandstone, reddish brown to light 

greenish, coarse grained and 
maGsive-------~-----~---------

Shale, yellowish brown, sandy ___ _ 
Conglomerate and coarse grit, red-

dish and light greenish gt·ay, 
massive, hard, very irregularly 
bedded; forms prominent hog-

5 
15 

back _________________________ _ 
80 126 

Jurassic: 
Summerville formation and Entrada sandstone-

3. Sandstone, red, thin bedded, soft, partly con
cealed; and sandstone, massive, soft, cross
bedded, white; grades downward to tan
brown; weathers readily; partly concealed_ 1, 4aO 

Carmel formation-
2. Shale, light red and greenish, gypsiferous; 

contains some beds of hard white sandstone 
and gypsum-----------------.------------ 170 

1. Shale, maroon and light greenish, sandy; 
capped by hard, dense siliceous massive to 
flag~ limestone ------------------------- 45 

2,001 
Jurassic(?) : Navajo sandstone at base. 

D. Seotion at BUter Creek divide, l~tea.a ot Halls Cree_k, Utal• 

[Measured by Raymond C. Moore] 

Cretaceous ( ? ) : 
Morrison formation-

S. Shale, grayish blue, maroon, and purple 
banded, soft, sandy; weathers in valleys 
and badlands -------------·---------------

7. Conglomera.te and· sandstone, grayish white 
to light bluish green; contains pebbles as 
as much as 2 inches in diameter ; consists 
in part of thick beds and lenses of coarse 
conglomerate and in part of coarse gritty . 
very irregularly bedded sandstone _______ _ 

Jurassic: 
Summerville formation-

G. Shale, red and gray banded, sandy ; grades to 
soft thin-bedded sandstone _______________ _ 

Entrada sandstone-
5. Sandstone, tan-brown, massive, soft, ct·oss

bedded; weathers in smooth rounded sur-
faceS------------------------------------

4. Sandstone, reddish brown and bluish gray, 

l!'eet 

\t15 

150 

90 

260 

very soft, spaly; weathers readily, forming 
valley; partly covered___________________ 470 
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Jurassic-Contlnuccl. 
Entrada sandstoi\e--Contiuuecl. Jfeet. 

3. Sandstone, tau-brown, massive, soft, cross
bedded,. fine grained; weathers in smooth 
rounded surfaces------------------------ 340 

Cm·mel ( ?) formntion-
2 .. Shale and sandstone, light red and bluish 

gray;· gray to white sandstone in alternat
ing beds; contains several beds of bluish 
to white gypsum as much as 3 feet thicl.: ; 
the gypsum occurs· also in numerous thin 
veins----------------------------:.------- 400 

1. Shale, dark to light red, sandy ; contains two 
beds of very hard reddish and light-green 
mottled dense siliceous massiYe and fiuggy 
limestone thnt form escnrpments_________ 50 

2,173 
Jurassic ( ?) : 

Nnvnjo sandstone at base. 

ESCALANTE VALLEY 

The Escalante Valley is essentially a great amphi
tbeatet that has been developed by the removal of Up-· 
per Jurassic, Cretaceous, and Tertiary rocks. Its floor 
of Navajo sandstone is continuously exposed for many 
miles back from the Colorado River and along both 
sides of the Escalante River and is warped upward 
to form th~ Escalante monocline. Elsewhere this floor 
is wholly or partly concealed by beds of the overlying 
San Rafael group, which are displayed as areas of flat
lying or tilted rocks and as mesas, buttes, and detached 
mounds. The southwest wall of· the amphitheater is 
the steep, straight escarpment of the l(aiparowits 
Plateau, at the base of which the San Rafael and Mor
rison strata appear for a distance of more than 40 
miles, standing as a terrace in ftont of the Upper 
Cretaceous cliffs. From the fiank of the vVaterpocket 
Fold, ,\rhich bounds the Escalante Valley on t~e north
east, the Upper Jurassic. beds have been stripped, but 
they reappear along streanl.s that issue from the 
Aquarius Plateau. At the head of the amphitheater 
around the village of Escalante lie erosion remnants 
that have been carved ftom folded beds of green, red, 
and gray sandstone, shale, and gypsum, 'vhich include 
all the strata assigned to ~he San Rafael and the 
Morrison. 

A mile west of Escalante the topmost Morrison bed 
is 18 feet thick. and is composed of white and green
white fine-grained friable sandstone. Below this bed 
in turn lie 28 feet of shaly, lumpy sandstone in thin 
wrinkled and curved beds that alternate dark red and 
dull white and about 50 feet of white massive sand
stone with cross-bedding displayed in sweeping curves. 

At Tenmile Point, beneath an extensive flat devel-.. 
oped on Dakota ( ~) sandstone, lie in .turn 30 feet of 
red crumbly, irregularly bedded sandy shale; 60 feet 
of white friable sandstone, in part massi\'e; 15 feet of 

dark-red unevenly bedded sandy shale; and 120 feet 
of white and green-white sandstone, in part massive, 
in part thin bedded. 

At the mouth of Collett Canyon the Morrison 1s 

composed of green-white soft, intricately cross-bedded 
and lenticular sandstone that includes a conspicuous 
series of lenses in· horizontal and diagonal positions 
of green poorly compacted mud, which taper to single 
layers of concretionary balls and angular lumps. In 
form and composition this material is identical with 
lumps and sheets of mud strewn along the bed o£ a 
near-by wash by a recent shower. 

As exposed at Fiftymile Point, the Morrison and 
the upper part of the San Rafael group contain more 
shalelike beds and fewer massive sandstone beds than 
at most other exposures in the Escalante Valley. They 
closely Tesemble. the beds tha:t are characteristic of the 
': l\1cElmo formation" at its type locality in Colorado. 

Near Boulder, where the l\1orrison is absent and 
most exposures of the San Rafael are less than 150 
feet thick, a n1easured section of the beds that· overlie 
the Navajo shows gritty buff sandstone and yellow 
sandy shale, 10 feet; limestone and reel calcareous 
shale, 25 feet; yellow-white cross-bedded massive sand
stone, 15 feet; red calcareous and gypsiferous shale, 8 
.feet ; gypsum, 20 feet. 

Throughout the Escalante Valley gypsum is abun
dant near the base of the San Rafael group. In sev
eral measured sections it constitutes as much as 20 per 
cent of the lowermost 100 feet of strata and is dis
played as a single bed with green-red shale partings 
or as two to five beds tha.t are separated by shale. 
Near Escalante a gypsum bed that averages 45 feet 
in thickness with associated gypsiferous shale has been 
effective in guiding erosion. It has produced much 
of the rough country immediately north of Escalante 
and on both sides of the Escalante monocline. Lower 
Pine Creek has established its course in gypsum, and 
at Tenmile Spring the banks of Harris V\T ash 
include nearly 100 feet of gypsum and gypsiferous 
shale. interbedded with red limestone and sandstone. 
Gypsum and gypsiferous shale ai'e involved in the 
intricately dissected surface about the mouth of 
Collett Canyon and below Panther Seeps, and 
for about 10 miles west of '"\Villow Creek gypsum 
beds have been eroded to form a trough in which runs 
the old trail to the Hole in the Rock crossing of the 
Colorado. Along the northeast face of the Kaipa
rowits Plateau the gypsiferous strata of the Carm(• I 
formation stand at or below the floor of the Esca ~ 

· lante Valley from its head to the vicinity of Collett 
' Canyon, concealing the Navajo beneath. Southeast 

of Collett Canyon these beds are exposed increasingly 
near the plateau front, and at Fiftymile Point and at 
the heads of the short steep canyons that ·enter the 
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Colorado opposite the mouth of the San Juan the 
. gypsum forms part of the Kaiparowits Cliffs, from 
which extends the profoundly trenched floor of 
Navajo sandstone. 

Along the base of. the Aquarius Plate.au the gypsif
erous lower beds .of the San Rafael group are cut by 
the western branches of Pine Creek and by Deadman, 
Sand, and Mamie Creeks. On upper Boulder Creek 
these beds are the only part of the group present; 
they consist of thin lenticular, irregular beds between 
Tertiary sandy limestone and lava above and strongly 
developed Navajo sandstone below. (Seep. 116.) 

Section of San Ra,fael gro·up wnd Morrison (?) formation 2 
miles east of Escalante, Utah 

[Measured by Herbert E. Gregory] 

Cretaceous : 
Dakota (?) sandstone at top. 

Cretaceous ( ? ) : 
Morrison ( ?) formation- Feet 

14. Sandstone, gray and red, and red arenaceous 

Jurassic: 

shale, irregularly deposited; partly con
cealed__________________________________ 48 

Entrada sandstone-
13. Sandstone, yellow, in places white or green-

white and red, fine grained, with coarse 
grains on lamination surfaces; . contains 
some iron concretions ; friable, crumbling 
readily to dust; upper part massive, in
tricately cross-bedded; lower 40 feet 
evenly bedded; shows smooth foliation 
planes ; forms cliff ; thickness estimated_ 130 

12. Sandstone, red, fine grained, thin bedded, 
and sandy ·red shale; crossed by bands and 
patches of green-white; friable; calcare
ous and gypsiferous; very irregular in 
bedding and structure___________________ 60 

11. Sandstone, ~-enow-red, massive, cross-bedded, 
fine grained; resembles Navajo sand-
stone__________________________________ 22 

Total Entrada sandstone______________ 212 

Carmel ( ?) formation- '\ 
10. Gypsum and gypsiferous shale, with subordi

nate shaly sandstone; gray, red, purple, 
and ash-colored; forms a plain across up
turned strata; largely concealed; thick-
ness estimated ________ .:._________________ 85 

9. Sandstone, thin bedded, or sandy shale, gray, 
highly calcareous, imbricated; glistening 
foliation surfaces covered with ripple 
marks and patches of hardened sand; 
very irregular in thickness, composition, 

Jurassic-Continued. 
Carmel ( ?) formation-Continued~ Feet 

4. Sandstone, buff, regularly bedded; one bed 
4 feet· thick, other beds thin____________ 11 

3. Shale, sandy, or shaly sandstone, pink with 
irregularly placed patches of red, calca
reous ; thin lenses of limestone; foliation 
surfaces sun dried, ripple ·marked, and 
dotted with mud lumps________________ & 

2. Limestone, pink; brittle, and paper-thin 
sandy shale, imbricated, ripple marked_ 2 

1. Sandstone, red, shaly, calcareous, with 
patches of coarse sand grains__________ 8 

Total Carmel (?) formation___________ 206 

Total Morrison formation and San 
Ftafael grOUP----------------------- 466 

Jurassic(?) : 
Navajo sandstone, yellow-white. 

Seotion of San Rafael group and Morrison format·ion, nort11r 
ea.at base of Kaipa·rowits Pla.teau, about 16 miles 80t~tt1tea.st 

of Escalante, Utah 

[Measured by He1·bert E. Gregory] 

Cretaceous : 
Dakota. ( ? ) sandstone- Feet 
Unconformity shown by erosion surface covered 

with conglomerate composed chiefly of clay pel-
lets, chunks of shale and white sandstone, and 
pebbles of red, gray, and black quartz and chert. 

Cretaceous(?) : 
. Morrison formation-

S. Sandstone, yellow-white, with lenses of yel-
low, green, and drab mud shale___________ 45 

7. Sandstone, thin-bedded, arenaceous shale, 
and highly calcareous and sandy earthy 
limestone; alternating bands of dark red 
and gray, very unevenly bedded ; lenticu-
lar______________________________________ 40 

6. Sandstone, yellow-gray, part cross-bedded, 
part regularly bedded; includes lenses 
strings, and isolated fragments of yellow, 
green-white, and slate-colored clay lumps; 
two lenses of conglomerate with pebbles 
of shale, sandstone, and quartzite; may 
be separated into four beds, but exposure 
appears as a single bed with remarkable 
variation in texture and in detailed struc
ture; similar materials in the bank of a 
wash ; poorly consolidated, crumbling read-
ily to sand______________________________ 110 

Total :Morrison formation __ :.____________ 205 
Jurassic: 

Summerville ( ?) formation-
5. Sandstone, yellow-white, in regular beds, 3 

to 10 inches thick ; very fine grained______ 9 
and extent of beds _____________________ _ 24 4. Shale, dark red, very calcareous; some thin 

8. Shale, calcareous, and thin sandy limestone_ 
7. Gypsum, white, massive, with few lenses 

and stringers of white sandy shale ; forms 
· gulch; partly concealed ________________ _ 

6. Sandstone, red-yellow, massive, cross-· 
bedded ________________________________ _ 

5. Shale, red, sandy, unevenly bedded _______ _ 

12- limestones; thin imbricated layers, with 
stubby lenses of red and gray calcareous 
sandstone_______________________________ 25 

45 3. Sandstone, banded yellow, green, and red, 
thin bedded; weathers to powdery dust__ 7 

7 
4 Total Sumrn,.erville( ?) formation_______ 41 
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.Jurassic-Continued. 
Entrada sandstone- Feet 

2. Sandstone, cream-colored and yellow-green, 
in places bright green, massive, cross
bedded, uniformly fine grained except for 
slightly coarser grains on lamination sur-
faces ; weathers in smooth rounded knobs·; 
crumbles under the feet ; forms a terrace ; . 
thickness estimated---------------------- 240 

Carmel ( ?) formatlon-
1. Shale, red, gypsiferous, thin gray siliceous 

limestone, ::llld thin red and gray calcareous 
sandstone; only top exposed____________ 8 

Total Morrison formation and San Ra-
fael grOUP-------------------------~- 475 

An unusual feature of this section is the amount of 
lime in beds 4 and 7 and the mingling of colors and 
textures in bed 6. The almost abrupt variation in 
texture and arrange1nent of beds characteristic of the 
San Rafael group and Morrison formation is indicated 
in a section measured by ~foore n at a near-by locality, 
where calcareous beds are absent and the bedding is 
much more regular. 

SoctiO'n of Entmd'a ana Oa·twu~Z to·r-m.ations nea.r Owl Oave 
on H(trr·is WasT!,, abo1tt ~0 mile.g east of Escalante 

[Mcnsmcd by Raymond C. Moore] 

Entl'acla sandstone: ;Feet 
3. Sandstone, tan-brown, massive, soft; weathers 

readily to sand that forms dunes; thickness 
estimated ----------------------------------- 300+ 

Carmel formation : ---
2. Shnle, pinkish reel and bluish gray, sandy; con

tains beds of gypsum 4 feet or less in thickness ; 
outcrops are vet·y irregular on account of S·lump
ing; lenticular gmy sandstone beds 3 feet or 
less in thickness---------------------------- 120 

1. Sandstone and shale, dark maroon, mt:)dium 
gminecl; the shale very sanely and grading to 
shaly sands.toue_____________________________ 60 

'l'otnl Carmel formation ___________________ 180 

Soct·ion of San RataeZ ana llfo1-rison, (f) becl$ at Fiftymile 
Pofnt, cc~st cna of Kaiparow-its Plateau, Uta11r 

[Measured by He1·bert E. Gregory] 

Dakota ( ? ) sandstone. 
Morrison ( ?) formation and San Rafael group: Feet 

13. Sandstone, red-yellow, massive, cross~bedded, 

full of caves and pits; weathers into rounded 
knobs ; very soft ; single ledge ; thickness 
estimated ---------------------------------- 200 

12. Shale, arenaceous, or thin sandstone, ash
green, lavender, antl shades of red; irregu-
larly bedded-----------------~------------- 30 . 

11. Sandstone, white, soft, mottled________________ 3 
10. Shale or thin sandstone, red, imbricated, nodular, 

calcareous, nnd gypsiferous_________________ 35 
9. Sandstone, green-white or white mottled, lumpy, 

friable------------------------------------- 4 
8. Shale or sandstone, like No. 10---------------- 25 

0 Longwell, C. R., and others, op. cit., p. 21. 

Morrison (.?) fot·mation and San Rafael group-Con. · '1 Feet 
7. Sandstone, white, friable ______________________ . . .5 

6. Shale, like No. 10---------------------------- , 25 
5. Sandstone, white, calcareous, ripple marked____ ·· · 2 
4. Gypsum, dark red, white spotted, lumpy, and 

calcareous sandy shale_____________________ 10 
3. Sandstone, irregularly bedded_________________ 8 • 
2. Shale, red, sandy, calcareous_________________ 15 
1. Limestone, red and gray, very sandy, lumpy, 

and unevenly bedded----------------------- 4 
Navujo sandstone. 

364 

PARIA VALLEY 

The flat land that immediately surrounds Cannon
ville and ext~nds down the Paria for about 6 miles is 
developed in the lower beds of the San Rafael group, 
and the steep-faced mesas that form a crenulated wall 
for the irrigated lands about Henrieville are composed 
of Summerville and ~{orrison ( ~) strata that are pre
vented from crumbling by a resistant cap of Dakota 
( ~) sandstone. The Dry and Butler Valleys like
'vise have been formed by the removal of friable San· 
Rafael beds. (See pl. . 22, B.) The exceptional 
roughness of the. c~mntry that extends from the head 
of Cottonwood Creek westward across Hackberry 
Creek to and beyond the Paria is the expression of 
the extent to which streams have succeeded in strip
ping the Navajo sandstone of the overlying beds, 
which are highly variable in composition, texture, and 
arrangement. The relations of the Upper. Jurassic 
fo.rmations in this area have not been satisfactorily 
determined. West and north of Cottonwood Creek 
no complete section is exposed, and the incomplete sec
tions which are separated by several miles, require 
more study before correlation in detail can be made 
with confidence. If the 120 feet of yellow cross
bedded sandstone that forms a single massive stratum 
at Dry Canyon is assigned to the Entrada formation, 
the Carmel formation, with its characteristic lime
stone and ripple-marked shale, is unusually thin at 
t~is locality and contains no gypsum. If the yellow
red sandstone cliffs at Cannonville, which lie between 
t.hin, banded sandstone above and gypsum below, are 
correlated with the Entrada, the Carmel in the upper 
Paria Valley includes prominent members that are 
not observed elsewhere in th1s formation. The assign
ment of beds to different formations is made more 
difficult by the absence of Morrison strata-at least of 
beds that show the characteristic features of the Mor
rison. (See p. 91.) The present tentative inter
pretation restricts the Morrison ( ~) to 45 feet of white 
sandstone at the top of the banded Cannonville cliffs 
and treats all beds between that horizon and the yellow 
sandstone on Dry Creek as one formation about 800 
feet thick, which occupies the position of the Summer
ville. (See pl. 13, A.) In favor of this view is the 
observation that the red strata in the banded white 
and red slopes beneath the assumed Morrison gradually 
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i11crease in number downward and thicken. until the 
yellow-red sandstone constitutes the valley walls. 
These massive red beds are lithologically much like the 
beds abo~e and are markedly dissimilar to the shale 

• and gypsum underneath. 
As shown in the section below, these massive sand

stones include dark-red shale· as lenticular partings. 
In the Dry Valley above the 119 feet of shale and 
gypsum that rests on sandstone assigned to the En
b·ada formation (see. section, p. 85) lies about 400 
feet qf intricately eroded beds that form the much 
broken floor of the valley. They appear as rounded 
knobs of banded and variegated " marl;" flat-topped 
mesas, and buttes that· rise above a surface deeply 
buried in alluvium. (See pl. 22, B.) The beds pres
ent iirclude yellow, red, dark-red, and white banded . 
friable sandstone, calcareous .and gypsiferous shale, 
and at least six thin beds of gypsum, one of them cut 
by bands of pink chalcedony. Nearly all the beds that 

· are. exposed on the floor are ·unevenly bedded and 
change· their character within short distances. · At one 
place a bed of yellow-red ·sandstone, massive except 
for inconspicuous lenses of red shale~ appears as a huge 
mass about half a mile long and 180 feet thick, stand
ing in the midst of thin red sandstone and variegated 
shale. (See pl. 12, B, 0.) . The north wall of the Dry 
Valley ·consists of about 250 feet of San Rafael and 
Morrison ( ~) beds that underlie Cretaceous sediments. 
At a distance these lower cliffs resemble one great bed 
of white sandstone that is crossed by several dark-red 
ba:Q.ds. On closer view, the lowest 200 feet is seen to 

·be composed of a series of thin, uneven beds of white 
consolidated sandy mu<;t with two dark-red bands Iiear 
the top like the border on wall paper. Above these 
beds comes a b~d of white cross-bedded g'ritty sand
stone, 4 feet thick, which is resistant enough to form 
a. projecting bench. Still higher lies 90 feet of white 
sandy shale and sandstone crossed by several red bands 
in the lower half and succeeded upward by 60 feet of 
inconspicuously bedded white sand. All the material 
in the valley wall is poo.rly consolidated and crumbles 
rapidly to very fine sand. Where it is protected by 
the Dakota ( ~) sandstone it stands along cliff faces 
and out from the walls as needles and towers, of which 
Chimney Rock (pl. 28, A) is a conspicuous example. 

At the hogback that is trenched by the Paria River 
below Paria settlement the upturned strata of the 
San Rafael group and the Morrison ( ~) formation are 
revealed in the bed and immediate banks of Cotton
wood· Creek: They here constitute essentially three 
distinct divisions. ·The uppermost division, which lies 
unconformably below the Dakota ( ~) sandstone, in
cludes more than 600 feet of medium-grained very 
friable sandstone in massive white beds that are sep
arated by beds of dark-red and green-white sandstone 
3 inches to 1 foot thick, whieh thus produce the ap-

pearance of a white cliff unevenly banded with red. 
In the lowest 20 feet the banding is regular and the 
contrast between dark red and white is unusually 
strong. The middle division, which is correlated with 
the ·Entrada s~ndstone, is substantially a bed of nlas
sive white to blue-gray fria.ble sandstone that is elab
orately cross-bedded and has a thickness of about 150 

·feet. The lowest, division, about 250 feet thick, con
. sists of thin, unevenly bedded friable sandstone that 
varies in texture from fine mud to coarse. sandstone 
and includes flat len.ses and oblong masses of small 
angular pebbles. Its general color tone is maroon, 
but bands of white of different thicknesses, lengths, 
and positions traverse the surface in a seemingly 
haphazard fashion, and thin beds of light-gray sand
stone form shelves on slopes that otherwise weather 
like shale. Beds of gypsum, if present, are concealed 
by surface debris, but gypsum .forms part of the 
cementing material.· Toward the base of this group 
lime cement is increasingly common, and thin lime
stones interlayered with deep-red thin sandstone are 
plastered over the uneven surface of the Navajo. 

Near the abandoned site of Adairville,. on the Pari a 
River, the beds above the Carmel formation consist 
of two thick massive sandstones separated by about 
70 feet of thin, alternately bedded red and white 
sandstones that weather like shale. The lower, a 
white sandstone bed, is pers.istent for several miles; 
the upper, a yellow-white bed, changes along the strike 
to a series. of thin-bedded, banded sandstone. 

Section of Morrison (f)· formation and 'Upper pa,rt of San 
Rafael gro11.p at Carunonville, Utah 

[Measured by Herbert E. Gregory. See pl. 13, A) 

Dakota ( ?) sandstone. 
Unconformity· shown by erosion. 
Morrison ( ?) formation and San Rafael group: Feet 

42. Sandstone, white, stained with yellow; very 
uneYenly bedded ; top 1 foot composed of in
terlaced bands of dark-brown and yellow 
sand; all . crumPles readily to variegated 
sand--------------------------------------- 4p 

41. Sandstone, red ; highest red bed in the Cannon-
Yille region __________________________ ·_______ 1 

40. Sandstone like No. 42------------------------ 18 
39. Sandstone, yellow, concretionary, as if white 

sandstone were impregnated with iron_______ (l 

38. Sandstone, friable, 1 foot white, 1 foot red, 4 
f€et white, 3 feet reeL_______________________ !I 

37. Sandstone, white, gypsiferous ______ _:__________ 1u 
36. Sandstone, firm ; three bands of red separated 

by white ; forms step on slopes and caps of 
near-by buttes______________________________ 12 

35. Sandstone, white, friable, lenticular, with 22 
discontinuous bands of red in lower half ; in 
red material occur lenses and scattered frag-
ments of green-white clay___________________ 145 

34. Sandstone, white, cross-bedded, very fine 
grained, lenticular, relatively resistant; forms 
bench on slope and caps of near-by towers 
nnd mesas----------------·--------------~~-- 3 
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Morrison(?) formation and San Rafael group-Contu. ·Feet 

33. Sandstone, light red, in places dark red, very 
irregularly bedded, poorly cons<,>lidated______ 4 

32. Sandstone like No. 34------------------------ % 
31. Sandstone like No. 33--------------------.---- 8 
30. Sandstone, buff-yellow; has a considernble 

rnnge in thickness__________________________ 4 

29. Sandstone like No. 33------------------------ 4 
28. Sandstone like No. 34 ___________________ .:.____ 6 
27. Sandstone like No. 33________________________ 4 

!~. Sandstone like No. 34------------------------ . % 
25. Sandstone lil{e No. 33------------------------ 4 
24. Sandstone, white; three beds divided by reel 

sandstone; nodular, concretionnry; .forms 
bench-------------------------------------- 1 

23. Sandstone like No. 33------------------------ 8 
22. Sandstone like No. 34 __________ .:...______________ lA, 

21. Sandstone, buff, shaly, thin bedded, very un-
evenly bedded----------------------------~- 12 

20. Snnclstone, dark red, shaly, friable____________ lh 
19. Snnclstone, light red, thin bedded, cross-bedded_ 5 
18. Sandstone, light reel, thin bedded, and dark-red 

shale, remarkably irregular in texture, struc
ture, and continuity and arrangement of 
beds; the shale is sanely mud in beds as much 
ns 1 foot thick and 10 to 150 ·feet long and in 
oblong mud chunks embedded in sand or 
weathered to form " toe llole" cavities; sand
stone strata tangentially cross-bedded; white 
streal{S appear at joints, on foliation planes, 
and along cross-bedding laminae and outline 
some mud chunks; forms uneven top of mesa_ 45 

17. Shale, clarl~ red, irregularly stained white_____ 4 
16. Sandstone, light red, massive, cross-bedded____ 13 
15. Sandstone and shale like No. 18-------------- 5 
14. Sandstone, light red, irregularly bedded; some 

stt·eaks of white--------------------------- 7 
13. Sandstone, light red, many white round blotches 

at base; very irregular; includes one per-
sistent thin bed of white sandstone__________ 9 

12. Shale, dark red, a series of overlapping sandy 
mud flakes; rests in most places on white 
firm sandstone shelf about 1 inch thick______ l 

11. Sandstone, light red, cross-bedded-------------· 3 
10. Shale, dark red ------------------------------ lk, 

9. Sandstone, light red, uneven, lumpy, cross
bedded; contains smnll quartz-lined geodes___ 12 

8. Sandstone, yellow-red and buff, in beds 1 to 3 
feet thick, discontinuous, cross-bedded ; grains 
of tt·anslucent quartz together with some red 
and black grains; contains quartz-lined geodes 
in lenses and as scattered individuals; carries 
a , diagonally placed bed of white sandstone 
bordered by dark-red shale that ranges with-
in 100 feet from 10 inches to 12 feet in 
thickness---------------------------------- 16 

7. Shale, da1·k red; sandy, unevenly bedded; c:il'
ries lenses of yello,v-red sandstone; weathers 
as a groove or string of rectangular cavities 
on cliff face----------------------~--------- 10 

6. Sandstone, light yellow-red massive; breaks up 
along strike into cross-bedding; laminae alter
nately red and white; thickness ranges with-
in 200 feet from 36 to 8 feeL-----------~--- 28 

5. Sandstone, light red, cross-bedded; white 
strenks along huninae __________ _:___________ 20 

4. Shale, clarl{ red; lumpy; forms groove:...;.._.:.___ 2 

Morrison(?) formation and San Uafael group-Contd. Feet 

3. Sandstone, white; very fine grained; bed diffet·s 
much in thickness from place to place________ 12 

2. Sandstone, yellow-red, streaked and dotted with 
· \Vhite; massive beds, 6 feet thick, separated 

by very unevenly bedded shale ; weathers as 
knobs and hoodoos; at a place 2 miles distant 
these beds form. a cliff about 70 feet high_____ 2G 

1. Gypsum and shale, white, yellow, dark red, 
rarely gl'eenish ; gypsum in five or more beds 
1 to 5 feet thick, largely conceal~d----------- 45 

474 

Beds totaling 180 feet in thickness beiow No. 1 
appear on the east bank of the Paria, but the base 
of the San Rafael group is not exposed. 

Seot·ion of 1Jart of the San Rafael group in Dry Valley (Roclc, 
Sp·ring G·ulch, Cedfw Wash), Utah, abou.t 2 miles above its 
iunoUon 'with Pm·ia 01·eek 

[Measured by Herbert E. Gregory] 

l~ntrada sandstone and Summerville ( ?) formation: Feet 

9. Gypsum, massive bed ; .caps highest hill in this 
vicinitY------------------------------------- 1 

8. Shale, pinkish, sandy, in very irregular beds_____ 58 
7. Gypsum, massive bed__________________________ 1 

6. Shale, pinkish, sandy, with many thin stringers 
of gypsum ; foliation surfaces ripple marked; 
together with No. 5 forms low rounded hills___ 32 

5. Shale, greenish and red, san.dy ; many thin 
stringers of gypsum-------------------·---.,---- 11 

4. Gypsum, white, massive bed; summit of bed forms 
a terrace-----------------~------------------ 13 

3. Clay shale, soft, very thinly laminated ; some 
greenish laminae ; nodular, concretionar~' ; 
fortns an alcove_____________________________ 3 

2. Sandstone, pale yellowish white to lemon-yellow, 
fine-grained, massive but soft and very poorly 
cemented; grains transparent and uniformly 
small; outcrops of the rock resemble those of 
the Navajo sandstone; most of it is· cross-
bedded or obscurely bedded ; forms a cliff_____ 11!) 

1. Shal~ red, sandY----------------------------- 2 
Carmel formation. 

240 

Section of 1tlo1'1·ison ( 1) fo1mation and Sant Rafael group nea.r 
head of Cott01vwood C1·eck, Kane County, Utah 

[~feasured by Herbert E. Gregory] 

Dakota ( ?) sandstone with lenses of course conglom
. erate and· of coal. 
Unconformity. 
Morrison ( ?) formation and San Rafael group: Feet 

28. Sandstone, yellow and buff, massive, tine, even 
grained; forms cliff _______________________ _:_ GO 

27. Sandstone, in alternating beds of yellow white 
and dark red, fine, even grained ; thickness 
estimated _____________________________ ..;.____ 100 

26. Sandstone, light red to yellow, very frial1le, 
massh·e, strongly cross-bedded; forms vel'ti-

cal cliff ______ ~----------------------------- 120 
25. Sandstone, shaly, pink and green-white ; uni-

formly very fine grained except for pockets 
that contain fragments of relatively resist-
ant green shale; forms cap for No. 24~-----~ . 30 
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Morrison(?) .formation and ·San Rafael. group-Contd. Feet 
24. Gypsum, white,. specked with green; includes 

some gy.p$iferous shale_~------------------- 6 
23. Sandstone; white--------------:---------------- 3 
22., Gypsum, like No. 24__________________________ 4 
21.. Sandstone, white, banded wi~h red; very fine 

grained----------~---------~--------------- 5 
20. Gypsum, white and pink______________________ 4 
19. Sandstone,. pink, green-white, and light red, in 

discontinuous beds l to 4 feet thick; appears 
as variegated cliff __ : .. :.:._____________________ 85 

18. Shale, drab, highly calcareous, in beds less than 
1 inch thick; weathers to a rounded knoll____ 45 

17. Sandstone, white, flaggy -------------.--------- 4 
16. Sandstone, red ; in five irregular beds, foliation 

surfaces wavy, firm; forms projecting ledge__ · 4 
15. Shale, red, sandy, lumpy, in irregular beds; in

cludes lenses made of porous aggregates of 
chunks of white'and red day with some small 
pebbles and fragments of plants_____________ 45 

14. Sandstone, gray, hard, made of pebbles of shale, 
quartz, and quartzite averaging about one
eighth inch in diameter, set in coarse sand___ 1 

13. Sandstone, in thin beds, and very thin shale, 
dark-red, specked with white and yellow; 
unevenly bedded, cross-bedded ; includes lenses 
composed of red ~nd gray flattened mud 
l~mps; rests on wavy surface of No. 12______ 28 

12. Sandstone, yellow-white; separated by obscure 
foliation into beds that average about 5 feet 
in thickness; massive, soft, weakly cemented 
by lime and iron ; grains very small, most of 
them transparent quartz; cross-bedded· through
out; near the top· is a hard dark-brown coarse 
cross-bedded layer; forms prominent cliff ____ 110 

· 11. Shale or thin sandstone, red__________________ 4 
10. Sandstone, white, fine-grained, cross-bedded ; 

crumbles readily to sand____________________ 15 
9. Shale, sandy, red and buff, unevenly bedded____ 7 
8. Sandstone, shaly, green-gray, in beds less than 

1 Inch thick; all highly calcareous, some beds 
siliceous limestone; on foliation surfaces a 
remarkable display of ripple marks and worm 
trails; resistant to weathering______________ 12 

7. Shale, red, sandy, calcareous__________________ 2 
6. Limestone, gray, thin bedded, siliceot1s, smooth, 

glistening foliation surfaces_________________ % 
5. Shale, red, sandy; includes two thin beds of 

gray limestone like No. 6 ____________ ..:.______ 2% 

4. Shale, red, very unevenly bedded, highly cal-
care~us------------------------------------

3. Shale, drab or bluish; foliation planes inconspic
uous but weathers into thin hard chips ; in
ciudes layers of fissile calcareous sandstone 

6 

and of dense limestone, in which are em
bedded fragmentary fossils_________________ 15 

2. Sandstone, gray ; interbedded with reddish and 
green-tinted shale in thin wavy and crumpled 
laminae; weathers as one bed ______________ .;. 10 

1. Sandstone, gray-green, coarse, discontinuous; in 
places represented only by scattered sand 
grains, in other places by a layer of sand an 
inch or less thick, or by accumulations of 
sand in hollows or joint cracks .in the under- . 
lying rock ____________ .;. ___________________ _ 

Unconformity. 

1 

729+ 

Navajo sandstone, yellow-white top, base stained dark" brown. 

Section 1 mile south of the mouth ot Oottonwood Oreek, Kane 
Oounty, Uta:h, 

[Metsured by ·Raymond C. Moore·] 
Cretaceous : 

Dakota ( ?) sandstone. 
Jurassic: 

San Rafael group-- Feet 
Sandstone, light bluish gray, massive, uniform in 

color and texture, in part rather hard and 
projecting as a ledge but mostly very soft 
and easily eroded___________________________ 515 

Sandstone, maroon, very soft, banded with thin 
beds of light bluish· gray___________________ 195 

Sandstone, light bluish gray, very soft; contains 
a few thin bands of maroon sandstone______ 180 

Sandstone, maroon, very soft, with some bands 
of light-gray hard sandstone as much as 2 feet 
in •thickness ; soft gray sandstone increases 
upward------------------------------------ 240 

Jurassic ( ?) : 1, 130 
Navajo sandstone--

Sandstone, light gray to nearly white, massive, cross
bedded ; forms prominent hogback to west. 

GLEN CANYON REGION 

The southwest front of the Kaiparowits Plateau · 
consists essentia_lly of two enormous escarpments. The 
lower one, which rises above the Navajo sandstone 
and has been stripped back from the walls of Glen 
Canyon, is built of San Rafael and Morrison strata; 
the upper one is formed of Cretaceous shale and sand
stone. The Tropic shale, which separates the two 
escarpments, has been removed 'to such an extent that 
the Morrison, capped by the Dakota ( ~) , forms a 
bench many miles wide, which is separated into mesas 
by the deeply trenched streams that flow south to 
join the Colorado. Tlie trail from Wahweap Creek to 
Rock Creek winds about the ends of these mesas and 
into the valleys between, ·like the course of a ship 
that is making its way along the bays and promon
tories of an i~tricately broken coast line. (See pl. 
10, A.) . 

From the Paria River the old Indian trail that 
leads from the Kanab and Virgin V allays to the Cross
ing of the Fathers runs almost continuously between 
walls or around buttresses of Upper Jurassic sand
stone. Little White Rock Gulch, a western tributary 
to Wahweap Creek; is cut in Morrison strata about 
150 feet thick and almost as white as flour. ·Along 
Coyote Creek the next lower beds appear-a banded 
series of cross-bedded white or buff sandstone and 
dark-red or. brown shale that is correlated with the 
Summerville formation. Some of these sandstone 
beds are marked by parallel sets of straight cross
bedding .laminae ; others are evenly bedded and dis
play foliation surfaces covered with sun cracks and 
patches of mud. They consist of very fine grains of 
white. quartz and some black, gr~en, · and red grains 
and contain also flakes of green-white consolidated 
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1nud. The red shale consists of irregular wavy im
bricated beds, 3 to 8 inches thick, the lowest beds 
1narked in places by patches and nodular lenses of 
manganese. For 6. miles above Lone Rock the im
naed]nte banks of vVahweap Creek are made up of 
white and light-red sandstone (Entrada) that forms 
cliffs 200 feet or more high. Southeastward the Car
Ine! beds appear, and beyond V\T arm Creek, on the trail 
through Gunsight Pass, the entire Morrison :forma
tion and San Rafael group are exposed. (See pl. 
4, 0.) 

Although they differ widely in color, style of bed, 
ding, and thiclmess from place to place, the beds above 
the Navajo on both sides of Glen Canyon eastward 
to the mouth of the San Juan present a similar ap
pearance; a variegated basal slope leads to a red wall 
of massive cross-bedded sandstone that is continued 
upward by a series of banded red and white sandstone 
and green-white sandstone. The lower red sandstone, 
the dominating feature, ~orms a wall of attraCtively 
colored and beautifully decorated rock, in some ways 
remarkably like the Navajo sandstone but marked by 
persistent small differences that are easily recognized 
in the field. 

Along Glen Canyon the Carmel formation is ex
posed to view over large areas, and innumerable shal
low canyons make it possible to study its variable 
features in detail. (See pl. 10, B.) In most places 
the Entrada, Summerville, ·and Morrison combine to 
mn.ke unscalable cliffs, but in canyons tributary to the 
Colorado the edges of all beds are successively ex
posed. On a branch of !Cane Springs Creek the Mor
rison consists of approximately 100 feet of banded red 
and. green-white thin sandstone that overlies 200 feet 
of gray a.nd brown sandstone· whose base rests on the 
eroded surface of lumpy purple shale. In places 
nlong Last Chance Creek the top of ·the Morrison is 
irregularly bedded, cross-bedded, and prominently 
and closely jointed and includes lenses and stringers 
of conglomerate that carries pebbles more than 2 
inches in diameter. The horizon between these beds 
and the Entrada is represented by only 20 to 50 feet 
of banded 1naroon nnd light-gray sandy shnle, which 
grades nlong the strike into soft sandstone, and in 
outlying buttes west of Rock Creek the Entrada and 
Morrison make a .continuous escarpment, the usual 
intervening shale and sandstone that represent the 
Summerville being absent. 

Near the mouth of Rock Creek the lower beds of 
the San Rafael group are well displayed. Immedi
ately above the Navajo lies 35 feet of red crumbly 
very unevenly bedded calcareous sandy shale that 
includes patches of 'lumpy ~andstone. These beds are 
succeeded upward by 94 :feet of red sandstone, mottled· 
with white, alternating with unevenly bedded sandy 
red sha.le that presents ma.ny smooth a.nd rippled 

foliation surfaces. Toward the top these beds become 
increasingly irregular in thickness and extent, and 
the highest beds are nierely short overlapping lenses 
that are slightly channeled and together form an 
uneven surface on ~hich rests the massive Entrada 
sandstone. This evidence of unconformable contact 
with the Carmel formation is strengthened by the :fact 
that both the shale and the massive sandstone thicken 
and thin along the strike to a considerable degree. 

Section ot Morrison tonnatio·n wnd Sa.n Rafael gro11-p .near 
mo1tth of Wa.rm Oreeli,, Utah 

[Measured by Herbert E. Gregory] 

Dakota(?) sandstone; caps buttes and mesas. 
Unconformity shown by erosion channels. 
Morrison and Summerville ( ?) formations: F't. in. 

Shale. arenaceous, or shaly sandstone, with 
lenticular bands of gypsum, dark red ; 
thins, thickens, changes to red-white mas
sive or bedded sandstone, or disappears 
along strike____________________________ 28 

27. Sandstone, white and green-white, very 
friable, even where unweathered; beds 3 
to 8 feet thick, marked by planes roughly 
horizontaf; inconspicuous tangential cross
bedding; very fine grains, cemented with 
gypsum, lime, and ferrous iron ; few short 
red shaly bands in different positions; 
within a distance of 2 miles this bed is 
about 130 feet thick and strongly cross-
bedded_________________________________ 42 

26. Sandstone or sandy shale, very .fine grained, 
in alternating beds 6 inches to 2 feet thick, 
dark red and faintly green-white; wavy, 
crumpled, sun-baked, lenticular on a 
minute scale; weathers into spools, "rock 
babies,'' and hoodoos, fantastic in color 
and shape; within a mile along the strike 
this bed is represented by about 10 feet of 

·red and white bands and about 60 feet of 
massive sandstone______________________ 40 

Total Morrison and Summerville(?) 
formations ----------------------- 110 

Entrada sandstone : 
25. San.dstone, white and green-white, massive, 

intricately cross-bedded with conspicuous 
long, flat curves and smaller loops of tan
gential 1aminae; very fine grained, most of 
it in grains too small to be seen with the 
unaided eye; gypsum and lime cement; 
contains some angular chunks and flat 
chips of green mud shale; about 50 feet 
from the top are three bands, each about 
4 feet wide, composed of deep-red shaly · 
sandstone, and a few thin, short bands of 
the same material are irregularly placed·; · 
thickness estimated--------------------- 400 

Carmel formation : 
24. Shale, sandy, red, in thin, very uneven bed:ti', 

irregularly imbricated; small patches of 
sand grains and of mud-shale. lumps____ 30 
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( ;armel formation-Continued. Ft. in. 

23. Sandstone, red, and lenses of red shale; at 
top is a relatively resistant bed of white 
sandstone 8 inches thick __ .;______________ 12 

22. Shale, like No. 20------------------------ 6 
21. Sandstone, gray, irregular, lumpy; in places 

massive, cross-bedded ; elsewhere breaks 
into thin. slabs covered with tiny ripple 
marks---------------------------------- 1 8 

20. Shale, dark red, and beds of thin g1·ay sand
stone that become white at the contacts; 
stratification very irregular, lumpy, wavy; 
sandstone is slightly cross-bedded and con
tains fragments Of shale; calcareous and 
ferruginous gypsum as cement and dis
seminated grains; has appearance of 
adobe and hardened playa muds________ 16 4 

19. Sandstone, in eight beds, lowest six beds 
white, 6 to 10 inches thick, separated 
by pape1·-thin, imbricated mud shale, 
crushed and folded, sun-baked ; topmost 
two beds sandstone, banded red and black, 
with thin, short lenses of· dark-red mud 
shale and streaks o{ white; much gypsum 
and some fragments ·of ·shale irreguiarly 
distributed ; grains are white and black 
quartz, angular and poorly assorted ; ce
ment is composed of iron, lime, ·and gyp
sum ; black grains are bunched in sags of 
wuvy bedding surfaces----~-------------· 20 

18. Shale, dark red,· sandy, imbricated, wavy 
foliation, thin as cardboard_____________ 6 

17. Sandstone, light .red, massive or unevenly 
bedded, slightly cross-bedded ; becomes 
white from bleaching near the top; much 
gypsum in crystals, grains, and small 
lenses; some of nodules lime and crystals 
of salt--------------------------------- 3 

16. Shale or shaly sandstone and sandstone like 
No. 17, in alternating beds that produce 
attractive decorative banding on wind
swept slopes ; the shale is lumpy and im
bricated, is mottled with round, white dots, 
and appears like adobe; sandstone fits into 
pockets made by wavy foliation surfaces 
of the shale ; both shale and sandstone 
carry mucli gypsum and lime ; in seven 
beds-

Ft. in. 
Shale ____________________ .. -__ 5 

Sandstone____________________ 2 
Shale ___________________ :..____ 6 

Sandstone-------------------- 2 
Shale ------------------------ 6 
~andstone---~---------------- 5 
Shale ------------------------ 8 

15. Shale, very light red, in regular beds as 
thin as cardboard ; beds · f6lded and 
crushed in· p~aces ; gypsum, lime, and iron 
cement; like hardened brittle playa mud; 
at the base lies white sandy shale, mottled 
dark red, 2 inches thick, which contains 
dendrites and many seams of lime · and 

11 1 

gypsum-------·- ~--.J ----·---------------- 8 5 

Carmel formation-Continued. lft. ln. 

14. Sandstone, light red, friable, in irregular 
beds 1 to 2 feet thick that have lumpy, 
wavy foliation surfaces and are separated 
by thin discontinuous beds of dark-red · 
imbricated sandy shale_________________ 6 7 

13. Limestone, white, resistant; breaks with 
conchoidal fracture_____________________ 1 

12. Sandstone, like No. 14___________________ 5 !) 

11. Shale, dark red, imbricated, lumpy ; in 
beds as thin as cardboard; calcareous 
and gypsiferous------------------------- 2 

10. Limestone, like No. 13-------------------- :Yt. 
9. Shale, like No. 11------------------------- 1 
8. Sandstone, light red, massive, cross-bedded; 

carries scattered grains of chert and 
quartz the size of bird shot ; a local 
ground-water horizon___________________ 3 

7. Shale, like No. 1L________________________ 4 
6. Limestone, like No. 13..:.___________________ % 
5. Shale, like No. 11------------------------- 5 
4. Sandstone, . dark red, irregularly bedded ; 

contains lenses and stringers of red and of 
white shale ; all highly calcareous ; 
weathers in rounded knobs______________ 4 

3. Shale, red, lumpy, imbricated, in paper-thin 
beds; breaks into irregular chips; highly 
calcareous______________________________ 2 

2. Sandstone, red, massive, lenticular, cross-
. bedded, friable, calcareous______________ 1 

1. Conglomerate or coarse sandstone ; white to 
reddish ; lenticular; composed of clean
washed irregularly shaped pebbles of 
white quartz, sandstone, and rare lime
stone as large as buckshot ; along the 
strike ranges in thickness from layer of 
grains to accumulations 8 inches thick; 
contains a ground-water horizon_________ 4 

Total Carmel formation _______________ 12S+ 
Total section ___ . ______________________ 638+ ' 

Unconformity, indicated by eroded, wavy, slightly 
<:hanneled surface of underlying sandstone, by dif
ferent thicknesses of No. 1, and by abrupt change 
in lithology. 

Navajo sandstone, 800 feet; forms wall of Glen 
Canyon. • 

Section in cUff near mouth of Last Chance Creek, Uta.," 

[Measurements by alidade by Raymond C. Moore] 

Dakota ( ? ) sandstone. Feet 
Morrison formation (and Summerville? formation) : 

3. Sandstone, greenish gray ; contains some purplish 
and brown layers and staining; very massive, 
distinctly but massively bedded, vertical joints 
rather prominent, gritty ___________________ :___ 393 

Entrada sandstone : 
2. Sandstone, light yellowish gray or crea:nl-colored 

'~ith irregular brownish patches and layers, 
very massive, a prominent cliff maker; weathers 
in smooth, subrounded surfaces with very rare 
joints; rather uniform in tex;ture, highly cross
bedded, but stratification is not strikingly evi-
dent, as in the Nav:t~O----------------------- 660 
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Carmel formation: Feet 

1. Sandstone, mostly in shades of brick-red to 
rnaroon but has some thin grayish-blue layers; 
thin bedded, in part shaly; contains thin beds 
of ~ypsum; a weal\: formation that makes slopes 
and flat benches--------'--------------------- 200 

Navajo sandstone. 
1,253 

Bed 3 of this section is 490 feet thick at a point 5 
miles above the 1nouth of Last Chance Creek and is 
lacking on vVnhweap Creek above vVire Grass Spring. 
Bed 2 is 611 feet thick at a point between vV arm Creek 
and vVahweap Creek, and bed 3 is 166 feet thick at the 
mouth of Rock Creek. 

CRETACEOUS FORMATIONS 

PREVIOUS WORK 

In his " Last Bluff" section Howell 10 records 2,550 
to 2,650 feet of Cretaceous sedimentary rocks in the 
upper Paria Valley. These strata include 1,500 feet 
of " cream sandstones and shales," 500 feet of " dark 
argillaceous shale " (Tropic shale) , a " coal series " 
150 feet thick, "light-gray sandstone or fine conglom
erate " 250 feet thick (Dakota~), and 251 feet of 
beds believed to be the equivalent of the Morrison 
and Summerville formations as these terms are used 
in the present report. Gilbert 11 briefly lists Creta
ceous rocks in sections measured on the North Fork· 
of the Virgin River and the West Fork of the Paria 
River. ·Both these early observers express doubt re
garding the division plane between the Cretaceous 
and J uras~ic-a difficulty experienced also by more 
recent workers. 

For areas that lie within or border the High Pla
teaus Dutton 12 recognizes the Cretaceous as a widely 
variable series of sandstone and argillaceous shale that 
contains coal and has conglomerate of undetermined 
age at. the base. He says that "the upper and lower 
divisions can be correlated with a high degree of prob
ability with the Laramie and Dakota groups of Colo
rado, respectively." From distant views he reached 
the conclusion that 

the Kuiparowits Plateau is a broad belt of Cretaceous strata 
reaching out southwardly from the Aquarius Plateau and 
from 'l'able Cliff (an outlier of the Aquarius). At a dis
tance of 60 miles from the latter the Colorado River cuts 
right across the Kaiparowits, forming the great gorge of the 
Glen Canyon. South of the river the platform resumes its 
character, and the Cretaceous spreads out into great mesas 
deep!~ clissected by canyons tributary to the San Juan. These 
Oretaceous mesas cover almost the entire northeastern quarter 
o:f Arizona and reach indefinitely eastward.lS 

10 Howell, E. E., U. S. Gcog. and Geol. Surveys W. lOOth 1\:ler. 
Ucpt., vol. 3, p. 271, 1875. 

11 Gllbcrt, G. K., idem, pp. 159-1GO. 
u Dutton, C. Ill., Report on the geology of the High Plateaus of 

Utab, pp. 154-158, U. S. Geog. and Gcol. Survey Rocky 1\:ltn. Region, 
1880. 

10 Dutton, C. E., Tertiary history of the Grund Canyon district: 
U. S. Geol. Sur,•ey Mon. 2, p. 33, 1882. 

18940-31-7 

Like Howard and Gilbert, Dutton expresses uncer
t_ainty regarding the Cretaceous-Jurassic boundary. 

For the Henry l\1ountains Gilbert 14 subdivided the 
Cretaceous into seven formations, which he named, in 
descending order, Masuk sandstone, Masuk shale, Blue 
Gate sandstone, Blue Gate shale, Tununk sandstone, 
Tununk shale, and Henrys Fork group, of which the 
last consists of yellow fossiliferous. sandstone, un
derlain in turn by arenaceous shale and coarse sand
stone and conglomerate with silicified trunks of trees. 
lie remarks : 

The three upper sandstones, the Masuk, the Blue Gate, and 
the Tununk, are so nearly identical in their lithologic char
acters that I was unable to discriminate them in regions 
where their sequence was unknown • * • there is almost 
equal difficulty in discriminating the Masuk, Blue Gat~, and 
Tununk shales. 

Cross 15 met this situation by introducing the term 
Mancos for the shales above the Dakota and adopting 
Holmes's term Mesaverde for the series of sandstone. 
T\vo divisions thus became the substantial equivalent 
of the ·six divisions described by Gilbert. Beds as
signed to the Mancos and Mesaverde have been 
mapped at many places in New Mexico, Arizona, and 
Utah. However, as the distance from their type lo
cality increases their differences increase likewise. In 
recognition of this variation it seems desirabl~ to estab
lish for the Kaiparowits region the field terms Tropic 
shale, of lower Colorado age, roughly the equivalent 
of the Mancos, and Straight Cliffs and Wahweap for
mations, which together resemble lithoJogically the 
Mesaverde. A series of shales and soft gritty sand
stones above the sandstone of the Wahweap formation 
is here termed the l{aiparowits formation. 

The age and correlation of the Morrison formation, 
now tentatively classified as Cretaceous ( ~), has been 
'videly discussed by Berry,I6 Lee,I7 Lull,18 Mook,19 

Osborn,20 Stanton,21 Simpson,22 and others. 

14 Gilbert, G. K., Report on the geology of the Henry ·Mountains, 
PI> 4-5, U. S. Geog. and Geol. SurvPy Rocky Mtn. Region, 1877. 

16 Cross, Whitman, U. S. Geol. Survey Geol. Atlas Telluride folio 
(No. 57), 1899; La Plata folio (No. 60), 1899 [1901].' · • 

16 Berry, E. W., Paleobotanic evidence of tbe age of the Morrison 
formation : GeoJ. Soc. America Bull., vol. 22, pp. 335-342, 1915. 

17 Lee, W. T., Reasons for regarding the Mot-rison as an introduc
tory Cretaceous formation : Geol. Soc. America Bull., vol. 26, pp. 
303-314, 1915. 

18 Lull, R. S., Sauropoda and Stegosauria of the Morrison of North 
America compared with those of Europe and eastern Africa: Geol. 
Soc. America Bull., vol. 26, pp. 323-334, 1915. 

10 Mook, C. C., Origin and distribution of the Morrison formation: 
Geol. Soc. America Bull., vol. 26, pp. 315--322r 1915 ; A study of the 
Morrison formation: New York Acad. Scf. Annals, vol. 27, pp. 39-191, 
1916. 

20 Osborn, H. F., Close of Jurassic and opening of Cretaceous time 
in North America: Geol. Soc. America Bull., vol. 26, pp. 295-302, 
1915. 

21 Stanton, T. W., Morrison formation and its relation with the 
Comanche series and the Dakota formation: Jour. Geology, vol. 13, 
pp. 657-G59, 1905; Invertebrate fauna of the Morrison formation: 
Geol. Soc. America Bull., vol. 26, pp. 343-348, 1915. 

2:! Simpson, G. G., Age of the Morrison formation: Am. Jour. Sci., 
5th ser., vol. 12, pp. 198-216, 1926. 
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Because of its economic significance the Upper Cre
taceous of areas adjacent to the Kaiparowits region 
has received much study. For the Book Cliffs, the 
San Rafael region, and the eastern Wasatch Plateau 
several papers have been published.23 For south
central Utah Richardson's study 24 includes brief de
scriptions of the coal-bearing Cretaceous of the. Kanab 
region. 

AREAL DISTRIBUTION 

Approximately half of the l(aiparowits region 1s 
occupied by Cretaceous rocks. (See pl. 2.) Unlike 
the outcrops of the older formations, that of the 
~retaceous is fairly compact. Except the compara
tively narrow westward extension around the head of 
the Paria Valley, the Cretaceous area forms a roughly 
equilateral triangle a little over 50 miles on each side. 
The base, toward the Colorado River, is very irregu
lar, for there are northward-reaching indentations 
along each of the streams and southward extensions 
along each of the divides.· The northeast boundary 
of the triangle· is very regular, as it is marked by the 
appropriately named Straight Cliffs. The west side 
of the triangle is also remarkably straight from the 
southwest .corner to the point where the Cretaceous 
beds swing westward into the Paria Valley. This 
line is defined by the northward-trendinO' East Kaibab 

• b 

monochne. Except the marginal iower benches, the 
area just described is an upland and is commonly 
designated the l(aiparowits Plateau. 

Southwest of Canaan Peak and the Table Cliff Pla
teau and southward on the west side of the Paria 
River, along the east edge of the PaunsauO'unt Plateau 

b ' 
extends a somewhat narrow, irregular band of Cre-
taceous exposures from 2 to 10 miles in width. With 
some changes in character, particularly of the lower 
members, this outcrop continues westward, around the 
south end of the Paunsaugunt and Markagunt Pla
teaus, into southwestern Utah·. 

Observations on the Paunsaugunt Plateau show that, 
contrary to previous mapping, the Tertiary cover is 
no_t continuous there. For several· miles · along the 
East Fork of the Sevier River near the place where 
it crosses the Kane-Garfield .county boundary erosion 
has reached the base of the Tertiary and · in some 
places has exposed more than 100 feet of the upper 
part of the Cretaceous. This condition prevails also 
along several of the tributaries of the East Fork. 

28 Richardson, G. B., ·aeconnaissancP. of the Book Cliffs coal fields: 
U. S. Geol. Survey Bull. 371, p. 14, 1909. Clat·k, F. R., The Farnham 
anticline, Carbon County, Utah: U. S. Geol. Survey Bull. 711, pp. 
1-13, 1920. Lupton, C. T., Geology and coal resources of Castle Val
ley in Carbon, Emery, and Sevier Counties, Utah: U. S. Geol. Survey 
Bull. 628, 1916 ; Oil and gas near Green River, Grand County, Utah : 
U. S. Geol. Survey Bull. 541, pp. 115-134, 1914. Spieker, E. M., and 
Reeside, J.' B., jr., Cretaceous and Tertiary formations of the Wa
satch Plateau, Utah: Geol. Soc. America Bull., vol. · 36, pp. 435-454, 
1925. 

24 Richardson, G. B., The Harmony, Colob, and Kanab coal fields, 
southern Utah : U. S. Geol. Survey Bull. 341, pp. 379-400, 1909. 

Cretaceous rocks lie between the W aterpocket Fold 
and the Henry Mountains and extend northward a 
considerable distance toward Castle Valley formin 0' 

' b 
a connecting link with the Cretaceous of the Wasatch 
Plateau and Book Cliffs. 

TOPOGRAPHIC EXPRESSION 

Differences in hardness of the Cretaceous rocks like 
those in the other rock formations of the pl~teau 
country, are strongly expressed in the topography. 
Hard massive sandstone is the dominant rock type 
and accordingly, throughout most of. the Cretaceou~ 
area, there are broad plateau surfaces bounded by 
steep, high cliffs. Valleys carved in the sandstone are
narrow, steep-walled canyons. Where the sandstone
beds are upturned in the East l(aibab monocline there· 
are long, sharp-crested serrate hogbacks. 

The thick shale in the lower part of the Cretaceous 
section commonly forms more or less intricately dis
sected slopes beneath the overlying sandstone, and in 
places, as around the head of the Paria Valley, it is 
eroded to form broad valleys. The Round and Horse 
Valleys are rather striking basins that have been 
excavated in this shale. To the weakness and com
parative thickness of this shaly p~rtion of the Cre
taceous is doubtless due much of the recession of the 
Cretaceous cliffs. 

The presence of thin beds of s~ndy shale and shaly 
sandstone in the middle portion of the Cr:etaceous 
sandstone accounts for the clear-cut topographic divi
sion into. an upper and lower plateau bench. The 
upper sandstone is overlain by poorly consolidated 
grit and sandy shale, which in the vicinity of Canaan 
Peak have been locally carved into badlands. 

CLASSIFICATION 

As treated in this report the Lower Cretaceous is 
· doubtfully represented in the Kaiparowits region by 
the· Morrison formation, and the Upper Cretaceous 
comprises all strata between the Morrison and the· 
Eocene (Wasatch formation). 

Lithologically and topographically the Upper Cre
taceous can be divided readily into five main parts~ 
At the base of the series, resting unconformably on the 
subjacent rocks, lies a relatively thin formation that. 
consists of irregular conglomerate, hard and soft len-· 
ticular sandstone, sandy, more or less carbonaceous. 
shale, and thin _beds of dirty coal. This bedding, com-· 
position, and texture and the presence in places of con
siderable petrified wood are features suggestive of the 
Dakota sandstone. In the Paria Valley, however, the 
abundant marine fossils in sandstone and thin shale 
between or below some of the coal beds and the appar
ent conformity with the overlying shale suggest that 
thjs basal grit is intimately related to these succeeding 
deposits. The coal-bearing basal beds are here termed 
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Dakota ( ~) sandstone, 'vith ·recognition of the prob
ability that they nre merely homotaxially equivalent to 
the Dakota o:t other areas. 

Above the Dakota ( ~) lies a persistent dark shale 
formation that ranges in thickness from 550 to 1,400 
feet. The lower part of this shale contains a typical 
and fairly abundant basal Mancos fauna. The same 
fauna and lithologic character are found in the lowest 
Cretaceous shale eli vision of the Henry Mountains 
(" Tununk shale " of Gilbert), and there can be no 
reasonable doubt that the lower part of the shale in 
the Irftiparowits area corresponds to that division. 
The upper part, which contains few fossils, probably 
corresponds to the Tununk sandstone of Gilbert and 
the Carlile horizon of the lower part of the Mancos 
shale. In the light of present knowledge it seems best 
to apply a local name to the division just above the 
Dakota ( ~), and the name Tropic shale has been 
selected on account of the typical exposures :md greater 
thickness of the shale in the vicinity of Tropic, in the 
northern part of the Pari a Valley. 

The lower of the· two main sandstones that overlie 
the Tropic shale is partly marine and partly conti
nental. The collections of fossils that have been made 
indicate that it is of uppermost Colorado age. Faunal 
evidence indicates that this sandstone corresponds 
npproximately to the lmver part of the "Blue Gate 
shale" of Gilbert in the I-Ienry Mountains. The name 
Straight Cliffs sandstone is here n pplied to it because 
of its typical development in the prominent cliffs south 
of Escalante. 

The upper main sandstone division of the Upper 
Cretaceous of the l(ai parowits Plateau has yielded 
almost no fossil evidence, but it probal Jly corresponds 
to the upper part of the "Blue Gate shale·" and to 
the Blue Gate sandstone ef Gilbert in the Henry 
:Mountains. The name Wahweap sandstone is here 
oppliecl to this formation on account of typical ex
posures on upper W ahweap Creek. 

Above the Wahweap sandstone are coarse but weak 
grits and sanely muds that contain fresh and brackish 
water fossils. These beds, which are very readily 
distinguishable from the underlying formation, are 
here named the l(aiparowits formation, a.s they are 
excellently exposed on the highest part of the. plateau 

· of this name. 

MORRISON FORMATION (CRETACEOUS1) 

CORRELATION 

Unconformably beneath the lowermost sandstone 
beds assigned to the Dakota ( ~) ·are the light-colored 
conglomerate, sandstone, and variegated shale which 
in Utah, s~uthwestern Colorado, and northern Arizona. 
generally have been mapped as" McElmo formation.'' 

Correlation of these beds with those described as 
"McElmo "by Cross, Darton, Gregory, Lupton, Miser, 
Moore, and other students of the geology of the 
plateau province is made with confidence. vVith few 
slight breaks they may be traced from the type 
locality, McElmo Creek, Colo., northwestward to San 
Rafael, Utah, southwestward to Hopi Buttes, Ariz., 
and westward to the Paria Valley. It has long been 
recognized that the " McElmo " includes both marine 
and terrestrial sediments and that an important 
(Jurassic-Cretaceous) time break may lie within its 
variable beds. 

The determination by Gregory and N 9ble 25 that the 
fossiliferous Upper Jurassic limestones of the Virgin 
River Valley occupy the position of the basal part of 
the "McElmo" of the Navajo country, and the dis
covery by Gilluly and Reeside 26 of another .fossilif
erous formation in the middle sediments heretofore 
classed as " McElmo," have led to a reclassification 
of these beds as the San Rafael group, coinprising the 
Carmel, Entrada, Curtis, and Sum~erville formations, 
of known Jurassic age, and the Morrison formation, 
which is tentatively considered Lower Cretaceous. 
There is no doubt that the beds here assigned to the 
Morrison find equivalents in the upper part o:f most 
" McElmo " sections and that parts of the San Rafael 
group are also represented. The Morrison :formation 
of this area consists of the same kind of sandstone, 
conglomerate, and variegated shale that characterize 
this formation in northern and ea::)tern Colorado. It 
includes undetermined amounts of the upper part 
of the " McElmo ·formation," as that formation has 
been defined in papers that deal wjth the geology of 
southwestern Utah, northeastern Arizona,. ·north
western New Mexico, and southwestern Colorado. 

AREAL EXTENT AND THICKNESS 

In the Kaiparowits region the Morrison formation 
is weil represented along Glen Canyon, the Escalante 
Valley, and Halls Valley. It appears also in parts 
of the Paria Valley. The Little White Rock Valley, 
a western tributary o:f the Wahweap, derives its name 
from the white Morrison sandstones that form its 
walls, and combined with the Dakota ( ~) and the 
Summerville the Morrison stands in cliffs that extend 
from a point. near Wahweap Valley to the south
eastern extremity of the 1\:aiparowits Plateau. (See 
pl. 10, A.) Along the Straight Cliffs, the sol:Ithwest
ern wall o:f the Escalante Valley, the formation is 
continuous for nearly 40 miles. (See pl. 21, A.) On 
IIalls Creek it forms nearly vertical westward-facing 
cliffs from the Bitter Creek divide nearly to the Colo
rado River. 

25 Gregory, H. E., and Noble, L. F., op. cit., p. 237. 
26 Gilluly, James, and Reeside, J. B., jr., op. cit., pp. 78-79. 
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In thickness the Morrison shows a great range. 
From a maximum of about 500 feet O:r;l Halls Creek 
a.nd Rock Creek it decreases generally westward and 
seems to disappear in the upper Paria Valley. It 
also thickens and thins within short distances. I:ri 
most places inaccessible cliffs and extreme irregular
ity of bedding make it difficult to trace the formation 
boundaries, but the general lithologic character and 
topography are so different from those of beds above 
and below that instrumental measurements are prac
ticable. Thus a section that was carefully measured 
with alidade at the mouth of Last Chance Creek shows · 
393 feet of beds above massive Entrada · sandstone 
(see p. 88), which is here 660 feet thick. About 3 
miles above the mouth of Last Chance Creek a meas
urement on the east side of the canyon shows 330 
feet of Morrison. At a point near the mouth of the 
Croton Branch of ·Last Chance Creek, where the top 
of the Entrada sandstone is only a short distance 
above the bottom of the canyon, the Morrison beds 
(with possiLle Su~merville) are 490 feet thick. On 
Rock Creek, where the general character and thick
ness of the Morrison beds are very similar to those on 
Last Chance Creek, a measurement gave 450 feet in 
this division. 

Westward the thickness of the Morrison gradually 
decreases, as is readily ascertained by inspection of 
the sandstone cliffs between Wahweap and Warm 
Creeks. Near the Crossing of the Fathers, which is 
8 miles east of Warm Creek, th!s formation is about 

. 280 feet thick. Near Castle Butte, between Warm 
and Wahweap Creeks, it is 140 feet thick. On Wah
weap Creek, just. east of Lone Rock, the Entrada 
sandstone is covered by a thin conglomerate that ap
parently belongs to the Dakota ( ~) rather than the 
Morrison, and farther north on Wahweap Creek the 
Dakota ( ~) sandstone rests directly on an eroded sur
face that is carved in the Entrada sandstone. (See 
pl. 13, B.) Likewise at places in the upper Paria Val
ley and farther west the Dakota ( ~) appear.s to rest 
:unconformably on the Summerville. If the Morrison 
ever existed in this part of the plateau province it 
was wholly or at least largely removed before the 
Dakota ( ~) sandstone was deposited. In the Esca
lante Valley the Morrison formation ranges in thick
ness from less than 20 feet to more than 300 feet. 

LITHOLOGIC AND STRATIGRAPHIC FEATURES 

In mapping the beds between the Navaj·o sandstone 
and Dakota ( ~) sandstone field subdivisions were made 
that do not correspond wholly with those adopted 
for the present report. Equivalents of the Carmel 
formation and the Entrada sandstone were everywhere 
recognized, and also the massive sandstone phase of 
the Morrison where it was present. )3ut the presence 
of many unconformities within the strata above the 

Entrada made it difficult to set the upper limit of 
the series of variegated banded sandstone and shale 
that occupy the general position of the Summerville 
formation in the San Rafael Swell. Smne of the fol
lowing descriptions of the Morrison therefore doubt
less include beds that further study would place .in the 
Summerville. 
. In many places the Morrison appears as one massive 

bed,. gray, white, green-white, yellowish brown, or 
reddish brown. In weathering, the formation com
monly presents a single massive unit that forms an 
essentially vertical cliff. Instead of the smoothly 
rounded, slightly sloping surfaces that characterize the 
Entrada sandstone, numerous angular projecting joint 
planes and fracture faces, combined with slight over
hanging narrow shelves or depressions along bedding 
planes give the cliff surface a markedly uneven texture. 
Tracing the· beds along the strike mile by mile, how
ever, reveals an irregularity of stratification not sug
gested by the general views. In the Escalante Valley 
the massive sandstone that corresponds to the Morri
son becomes in places a series of shalelike beds of the 
same compo'sition; at Fiftymile Point only shale repre
sents this bed. At the Burr trail and at places along 
Glen Canyon the massive thick white bed that is so 
conspicuous along parts of I-Ialls Creek and at the San 
Rafael Swell is broken up into beds 3 to 10 feet thick. 
Elsewhere the beds are 30 to 40 feet thick. 

In places shale that is assigned to the Morrison lies 
below massive conglomeratic sandstone; at other places 
similar shale lies above the sandstone and is terminated 
upward by the Dakota ( ~). In different places and at 
several horizons lie thin beds and lenses of red shale 
2 to 3 feet in thickness. This shale is commonly 
suncracked, the crevices being filled with bluish-gray 
sand that shows very pla!nly on the edges of the bed 
or on sandstone surfaces above the bed. In the portion 
of the Warm Creek Canyon that is carved in the Mor
rison some of these interbedded red muds show very 
clearly the form of broad saucer pans. The sun
cracked red mud is only. a few inches thick and has a 
uniform thickness for a horizontal distance of 10 to 
50 yards; the edges of the mud bed thin abruptly and 
turn slightly upward. Cross-bedded sandstones. in
close these mud pans above and below. 

Along the Straight Cliffs, southeast of Escaiante, 
the conglomeratic Dakota ( ~) sandstone is underlain 
unconformably by variegated maroon and gray sandy 
shale, cross-bedded sandstone, and conglomerate. Mas
sive, hard, cliff-forming grits, such as those that occur 
along the Colorado River, are not prominent in the 
vicinity of Escalante but are present on the northeast 
side of the Kaiparowits Plateau, farther southeast. 

Along the W aterpocket Fold the general character 
of these beds seems closely to resemble the beds along 
the Colorado south of the Kaiparowits Plateau. 
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In places the Morrison is prominently cross-bedded 
and consists in large part of coarse grit and conglom
erate that contain pebbles 4 inches or less in diameter. 
The conglom~rate appears in very massive beds that 
grade into coarse grit or cross-bedded sand and in 
lenses and streaks. The lower part of the formation is 
commonly somewhat finer grained, though in places 
there are prominent beds of conglomerate in the upper 
part·. 

In Rock Creek Valley an unweathered surface of 
massive sandstone from which an enormous slab had 
recently been broken by frost action was examined in · 
some detail. The 40 feet of rock consists of four lenses 
of conglomerate, one horizontal, the others inclined at 
angles of 6°, 13° and 28°, and three nearly horizontal 
lenses of sandstone. It is rusty brown throughout and 
contains iron nodules and iron coating on some 
pebbles. The pebbles in the conglomerate, named in 
order of abundance, are yellow-buff shal.e, red, green
gray, and white sandstone, chert, quartzite, and quartz. 
All grains and pebbles are poorly rounded, and thin, 
flat chips of shale attain lengths of n1ore than 10 
inches. With varying degrees of weathering the chips 
and irregular pebbles of friable sandstone and. clay 
shale are firm or crumbling masses· or entirely absent, 
where the rock has a porous appearance. In talus 
blocks some of the spaces left by the removal of these 
less resistant fragments are as much as 2 feet long 
and 4 inches in diameter. 

A microscopic analysis of massive white Morrison 
sandstone 50 feet below the Dakota ( ? ) at Little White 
Rock Canyon revealed clear quartz 97 per cent, decom
posed feldspar 1 per cent, biotite and tourmaline 1 per 
cent, calcite fragments (from the cement) 1 per cent. 
The grains are poorly sorted; about 35 per cent range 
in diameter from 0.30 to 0.50 millimeter; the remain
ing 65 per cent grade downward to powder. The 
larger grains are well rounded, the smaller ones angu
lar. The ceme~t is calcite and s01ne ferrous iron. 
Hand specimens show small flattened lozenges of deep
red ferrous clayey material. The pale-green color of 
some specimens comes from ferrous iron, which is gen
erally associated with the gypsum that forms· the 
cement. 

S'.rUATIGRAPHIC SECTIONS 

The following sections show the arrangement of 
beds in the Morrison and the relations of the forma
tion to the Dakota ( ? ) sandstone above and the San 
Rafael group below. Other· sections are given on 
pages 80-:88. 

Seotion of Dakota (f) and JJ:lorrison formations near s01tth lin-e 
of seo. 4, T. 41 S., R. 6 E., on west s-ide of Little Red Valley, 
Keune County, Utal~ · 

[Measured by Raymond C. Moore] 

Dakota ( ?) sandstone: 
40. Shale, brown, carbonaceous, sandy (at top). 
39. Coil-------------------------------------38. Bone _________________ ,. __________________ _ 
37. Coal ____________________________________ _ 

36. Shale, black, carbonaceous and bone ______ _ 
35. Sandstone, carbonaceous __________________ _ 

34. Shale, red----------------------··---------
33. Conglomerate, coarse, gray to nearly white, 

locally brown, ferruginous ; upper part 
contains abundant fragments ·of petrified 
wood and logs as much as 4 feet in diam
eter, more or less cross-bedded with white 

Ft. 

4 

1 
1 
1 

and pinkish sandstone _______________ !,___ 20 

32. Conglomerate, coarse pebbles 3 inches or 
less in diameter; contains some layers of 
cross-bedded coarse sandstone____________ 60 

in. 

¥2 
3 
7 
6 

2 

Total Dnkota ( ?) sandstone___________ 88 6%: 

Unconformity. 
Morrison formation : 

31. Shale, green, sandy ______________________ _ 

30. Sandstone, red, shaly ---------------------
29. Shale, red, with green bands ______________ _ 
28. Sandstone, white, soft, coarse-grained, mas-

sive-----------------------------------
27. Sandstone, gray, soft; contains bands of 

green shale------~---------------------
26. Sandstone, coarse-grained, white _________ _ 
25. Sandstone, light-brown, s o f t; contains 

streaks of shale _______________________ _ 
24; Shale, green, with red streaks ____________ _ 
23. Sandstone, brown, hard __________________ _ 
22. Shale, green ______________________________ _ 

21. Sandstone, light-colored, coarse-grained ___ _ 
20. Shale, green _____________________________ _ 
19. Sandstone, shaly _________________________ _ 
18. Shal~ red _______________________________ _ 
17. Sandstone and shale _____________________ _ 
16. Shale, green _____________________________ _ 
15. Sandstone and shale ____________________ _ 
14. Shale, green _______ .:. ______________________ · 
13. Sandstone and conglomerate, coarse _______ _ 
12. Shale and sandstone, red _______________ . __ _ 
11. Sandstone, brown, coarse-grained to con-

glomeratic-----------------------------
10. Sandstone and shale, red, with greenish 

bands _________________________________ _ 

9. Sha1~ red--------------------------------
8. Sandstone, coarse to conglomeratic, massive_ 
7. Sandstone and greenish shale _____________ _ 
6. Shale and sandstone, reel ________________ _ 
5. Sandstone, coarse-grain~, with cross-bedded 

conglomerate __________________________ _ 

4. Sandstone, with thin beds of red shale ___ _ 

3 
4 
3 

45 

3 
11 

3 
3 

15 
10 

11 
10 
10 

1 
47 

10 
37 

6 
10 
5 

45 

8 
6 

55 
3 
2 

20 
15 

li 
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Morrison formation-Continued. Ft. in. 
3. Sandstone, coarse-grained, massive, conglom-

eratic, with thin band of green shale at 

tOP------------------------------------ 35 
2. Shale, red ------------------------------- 10 
1. Sandstone, coarse, with fine conglomerate; 

weathers in cliffs_______________________ 25 

Total Morr,ison formation ____________ 419 8 
Base covered. 

Section of the Morrison formation on Croton Creek Fork ot 
Last Charnce Creek, Utah 

[Measut"ed by Raymond C. Moore] 
Feet 

6. Sandstone, hard, thin-bedded, light yellowish gray____ 70 
5. Sandstone, like bed above but more massive__________ 50 
4. Sandstone, yellowish, soft, cross-bedded, somewhat 

shaly ; forms slope or weak cliffs------------------ 90 
3. Sandstone, variegated dark red and gray ; lenticular 

masses, irregularly bedded _________________________ 115 
2. Sandstone, white, massive___________________________ 10 
1. Sandstone, white; irregularly bedded; base not exposed- 80 

415 

Section of Cretaceous beds in front of KaipMowits Platea;u 
south of Tenmile Spring, about 15 .miles southeas:t of Esca
lan.te, Garfield County, Utah, in middle part of sec. 4, 
T. 31 S., R. 4 JJJ. 

[Measured by Raymond C. Moore] 

Cretaceous : Feet 
Tropic shale: Shale, bluish, sandy, grades down-

ward to soft fossiliferous sandstone_____________ 400 
Dakota ( ? ) sandstone : Sandstone, ·conglomeratic, 

buff to almost white, the sandstone coarse to me
dium-grained, containing lenses of conglomerate 
with pebbles up to 3 inches diameter, irregularly 
cross-bedded; forms cliff and prominent bench___ 90 

Cretaceous ( ?) and Jurassic ( ?) : 
Morrison and Summerville ( ?) formations-

Shale, red and light brown, sandy, interbedded 
with sandstone similar in color, forms slope 
partly concealed____________________________ 55 

Sandstone, light brown and yellow, fine grained, 
cross-bedded in part, occurs in massive layers 
and forms bench___________________________ 70 

Shale and sandstone, red and gray, interbedded, 
mostly covered----------------~------------ 12 

Sandstone and shale, red, gray and drab, in 
thin alternating beds, considerable variation 
in color and texture________________________ 60 

Total Morrison and Summerville formations_ 197 
Jurassic: Entrada and Carmel formations _____ _. _______ 1, 250 
Jurassic(?) : Navajo sandstone. 

Section of rocks ercposea in lower prominent booch south_east 
of Tenmile Sf)ring on Harris Wash, southeast of Escalante, 
Garfield County, Utah 

[Measured by Raymond C. Moore] 

Cretaceous: 
Tropic shale- Feet 

7. Sandstone, light yellowish brown; rather 
soft hut forms ledge; contains Ostrea and 
other fossils---------------------------- 10-12 

Cretaceous-Continued. 
Tropic shale-Continued. 

6. Sandstone, brown, fl.aggy _________________ _ 

5. Shale, bluish drab-----------------------
Dakota ( ? ) sandstone-

4. Sandstone, light blui~h gray to yellowish 
brown ; finer and softer in lower part ; 
coarser, harder, and fl.aggy at top; middle 
part conglomeratic ----------------------

Cretaceous ( ?) and Jurassic (?) : 

Morrison and Summerville ( ?) formations-
a. Shale, alternating bands of reddish brown 

and gray, sandy, soft_ __________________ _ 

2. Sandstone, light creamy yellow, soft; in mas
sive beds 2 to 10 feet thick; upper 22 feet 
coarse grained and carries lenses of fine 
conglomerate; locally slumps down to soft 
sand ___________________________________ _ 

·1. Shale, reddish brown and light gray, in alter-
nating bands, sandy, soft_ ______________ _ 

Total Morrison and Summerville forma-
tions--------------------------------

Jurassic: 
Entrada sandstone; base not exposed ____________ _ 

MORRISON-DAKOTAO) EROSION INTERVAL 

li'eet 
1-2 

30 

50 

59 

81 

60 

200 

128 

Throughout the Kaiparowits reg~on the Dakota(~) 
sandstone rests with more or less marked unconformity · 
on the Morrison or on Upper Jurassic sandstones. Iu 
some places this unconformity is indicated by the 
wedging out of beds beneath the Dakota ( ~), in many 
places also by marked irregularities in the surface 
covered by the Dakota ( ~) sediments, and, in general, 
also by a marked change in the character of sedimE-n
tation at the base of the Dakota ( ~) sandstone. 
· At several places along W ahweap Creek the surface 

of the fine-grained green-white or white friable sand
stone is cut by narrow channels and swales 5 to 15 feet 
deep; immediately above the sandstone and filling the 
depressions in its surface lie massive beds of firm gray
.brown conglomerate that is composed of pebble~ as 
much as 4 inches in diameter. 

Most of the initial Dakota ( ~) deposits. consist of 
coarse well-rounded gravel that is now tightly 
cemented and forms a prominent conglomerate bed. 
It is clear that the deposition of Upper Cretaceous 
sediments in this region was preceded by a fairly wide
spread interval of erosion. Some of the phenomena 
observed require for their explanation no great change 
in conditions of depqsition, but in general it seems that 
the materials of the Mo~rison and the Dakota( n have 
been derived from different sources and laid down 
nnder different conditions. The impression gained 
from a study of numerous exposures in the Colorado 
plateau province is that a long period of erosion, which 
involved the removal of a considerable thickness of 
strata, preceded the deposition of the Dakota ( ~) sand
stone. 
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DAKOTAO) SANDSTONE 

LI'fHOLOGIC l""EATURES 

The sti·atigraphic division that is here designated 
the Dakota ( ~) sandstone is marked by rather per
sistent peculiarities in lithologic character, topographic 
expression, and stratigraphic relations to adjoining 
rock divisions. The irregularly bedded sandstone in
cludes sandy and carbonaceous sha~e, poor coal, and 
locally conglomerate. The pebbles in the conglomerate 
consist mainly of quartz, quartzite, and chert of vari
ous colors; sandstone, hard limestone, vein quartz, and 
ironstone are not uncommon; and in some places there 
are rather numerous pieces of compact clay, most of 
them well rounded, though some have only rounded 
corners and edges. Most of these pieces of clay are 
smaller than a hen's egg, but a few are 4 to 6 inches 
in diameter. 

The sandstone is commonly coarse to medium 
grained, brown or buff, and more or less cross-bedded. 
Some beds are thick and massive, but most of the 
individual layers are irregularly lenticular. Some 
beds are soft, shaly, and rather fine grained and 
wea~her readily, but others are tightly cemented and 
form projecting ledges or rim rocks. The shale is 
uniformly sandy, and in many places it is dark from 
included carbonaceous.matter. 

Thin coal beds, interbedded with streaks and lenses 
of bone, are very characteristic. Most of them range 
in thickness from a few inches to about 2 feet. In a 
very few places the coal is of good quality and forms 
beds as much as 3 feet thick. Macerated pla~t ma
terial, pooriy preserved leaves, lignite, and silicified 
wood are cmnmon. North of Last Chance Creek the 
amount of petrified wood in the conglomerate at the 
base of the Dakot~ ( ~) is very unusual. In addition 
to abundant fragments, many logs 2 to 4 feet. in 
diameter lie scattered here and there. The exposed 
portion of one log measured 90 feet in length. No 
roo~s were found in place, and probably the logs that 
make up this petrified forest drifted to this place and 
were buried in the gravel of an ancient stream. 

The Dakota ( ~) west of Cannonville includes chunks 
. of shale 4 to 8 inches in diameter and long thin lenses 
of exceedingly fine grained green-white sandstone 
within which ai·e embedded pieces of light-green mud 
shale. These materials are identical in composition 
and structure with the marly parts of the '~McElmo 
formation" along the San Juan River but are unlike 
those of the rocks beneath the D·akota ( ~) along the 
Paria River. · 

STRATIGRAPHY 

In most parts of southern Utah the Dakota ( ~) 
sandstone and the Tropic shale are readily separated, · 
1n spite of the fact that they are conformable and that 
both include sandstone. Th~ even-bedded yellowish
brown friable rock that contains more or less abun
dant marine fossils, which commonly forms the base 
of the Tropic, is- unlike most of the sandstone in the 
Dakota ( ~) formation. But in parts of the upper 
Pari a Valley ~lternating brown sandstone and sandy 
shale together with impure coal beds extend upward 
more than 200 feet from the basal zone of coarse sand 
and conglomerate that corresponds to a part of the 
Dakota ( ~) sandstone of other localities. A number 
of the beds, some of the1n almost at the base of the 
series, contain abundant marine fossils that are typi
cal of the Tropic shale. The clastic lignitiferous de
posits evidently represent merely a basal phase of 
Colorado deposition in this area-an oscillating 
change from near shore continental deposition to ma
rine sedimentation. In this area a rather arbitrary · 
division of the lowermost Upper Cretaceous strata has 
been made; the sandstone, coal, and shale below the 
lowest marine fossil-bearing beds are classed as Dakota 
( ~), and the beds above them, including sandstone 
and coal, are referred to the Tropic shale. (See· sec
tion, p. 99.) 

In the Cretaceous beds on Willis Creek a few miles 
southwest of Cannonville, where Mancos fossils were 
found below the lowest coal, only 6 feet of sandy con
glomerate seems referable to the Dakota ( ~) forma
tion. (See section, p. 99.) 

At the head of Rock Creek the beds assigned to the 
Dakota ( ~) include 33 feet of cross-bedded coarse 
sandstone arranged in lenses, above which lie in suc
cession 23 feet of light-gray arenaceous shale that car
ries 5Cattered quartzite pebbles and thin lenses of 
sandstone, and at the top 7 feet 8 inches of very im
pure coal and carbonaceous shale. The carbonaceous 
shale is conformably overlain by 6 ·feet of yellow-buff 
coarse sandstone that contains plant impressions and 
abundant marine fossils like those in the basal part 
of the overlying Tropic shale. This fossiliferous sand
stone is accordingly referred to the Tropic. 

Along Last Chance Creek excellent exposures of the. 
Dakota ( ~) sandstone -show a number of thin beds 
of lignite. The average thickness of the formation 
is about 50 feet, but the lithologic subdivisions are very 
discontinuous; sections less than a mile apart show 
large differences in detail. The section given on page · 
96 is fairly typical of a dozen or more measured sec
tions in this vicinity. 

On the northeast branch of Croton Creek the con
glomerate at the base of the Dakota ( ~) sandstone has 
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locally a thickness of nearly 100 feet. The pebbles are 
unusually large, and the lens of conglomerate has 

. every appearance of occupying the channel of a large 
and vigorous stream. 

On the Dakota( n-capped plateau. benches north of 
Warm Creek coal-bearing sandy shale and sandst011e 
are underlain by massive conglomerate that appears to 
rest unconformably on thick beds belonging to the 
Morrison. However, the upper part of the formation 
has been stripped back a considerable distanc~, so that, 
as in the vicinity of Rock and Croton Creeks, the basal 
conglomerate of the Dakota. ( ~) sandstone is united 
with the underlying massive Morrison beds to form an 
extended bench, from which the overlying weaker 
upper· Dakota ( ~) rocks have been stripped. 

On Wahweap Creek good exposures of the Dakota 
( ~) and of adjoining stratigraphic divisions appear in 
the vicinity of Cottonwood Spring. In general char
acter the formations are like those on Warm Creek and 
on the Paria, a few miles farther west. The basal con
glomerate of the Dakota ( ·~) sandstone is locally as 
much as 50 feet thick and consists of well-rounded 
pebbles that have an average diameter of 1 to 2 inches. 
It rests on an irregular surfa;<:e carved in Morrison 
sandstone, and the contact of the qark conglomerate 
with the nearly white sandstone is very striking. 

On the Paria River, about 6 miles below the mouth of 
Cottonwood Creek, the Dakota ( ~) sandstone forms a 
prominent bench that overlooks lowlands carved in 
soft Upper Jurassic rocks to the south. Some of the 
th~n. sandstone divisions here are hard and platy and 
form strong rim rocks. Near the top there is approxi
mately 5 feet of coal, about half of which is of fairly 
good quality. The basal conglo:m,er~te of the Dakota 
( ~) here is. similar to that on Wahweap Creek, except 
that it is much thinner. 

On the northeast face of the l(aiparowits Plateau, in 
the vicinity of Escalante, the Dakota ( ~) sandstone con
sists dominantly of hard massive sandstone and con
glomerate, which form prominent benches that extend 
a mile or two outward from the main line of the 
Straight Cliffs. (See section on p. 94.) 

Along the Waterpocket Fold the Dakotan) sand
stone is well developed in most places and exhibits 

. characters more or less similar to those described for 
other parts of the l(aiparowits region: Coal beds 
that are found in parts of the outcrops near the Bitter 
Creek divide are not preserved elsewhere, and it 
appears that in some places the Dakota( n is missing 
altogether. The section on page 98 shows the char
acter of these beds near the Burr trail, 7 miles north 
of the mouth of .Muley Twist Creek. 

The following sections of the Dakota ( ~) sandstone 
are representative of many that were measured in the 
Kaiparowits region: 

Section on north si.de of Last Chance Creek in NW. lA, sec. 
4, T. 42 S., R. 5 E. ( a.pproximate, unst~trveyed), Kane County, 
Utah 

[Measured by Raymond C. Moore] 

Cretaceous : 
Tropic shale- Ft. in. 

22. Shale, bluish drab to nearly black, 
clayey, soft; weathers in slope; locally 

·fossiliferous in lower part_ _________ 650 

Dakota ( ? ) sandstone-
21. Shale, grayish brown_________________ 3 
20. Coal, fairly good grade, bright luster__ 4% 
19. Sandstone, carbonaceous______________ 1 
18. Shale, gray to dark, carbonaceous_____ 3 
17. Sandstone, yellowish brown, shaly, 

rather soft but makes slight project-
ing rim ; fine grained______________ 1 6 

16. Shale, brow~ to gray, clayey--------- 5 
15. Coal, very poor quality, dull luster, 

dirty; contains thin streaks of light 
lignite ----------------------------- 9 

14.· Coal, fairly good quality, bright luster, 
blocky fracture_____________________ 4% 

13. Shale, dark gray, carbonaceous, hard__ 1 
12. Sandstone, brown, medium grained, 

cross-bedded, irregular; weathers in 
hard platy fragments that make a 
rim ________________________________ 1-2 

11. Shale, brownish gray, very sandy; con
tains thin beds of sandstone and 
streaks of brown ironstone ________ _ 5 3 

10. Sandstone, light yellowish brown, 
medium gra.ined, massive, soft at top; 
makes a ledge ; 330 yards west this 
sandstone is 8 to 10 feet thick and 
very massive-----------------------' 5 6 

9. Coal, very poor ; grades into bone ___ _ 5 
8. Shale, dark gray or dull black, car-

bonaceous ; upper 4 feet very hard and 
dense-----------------------~------ 6 

7. Coal, poor quality, dull luster; a few 
thin streaks of bright coaL_________ 7 

6. Coal, good quality, shiny luster, subcon-
choidal fracture, blocky joints______ 11 

5. Shale, dark drab to nearly black, very 
hard ; breaks with subconchoidal frac
ture ; very dense and fine grained ; 
near top grades into very carbon
aceous hard rock that resembles bone; 
contains fragments of plants at top 
and thin irregular seams of coaL___ 7 6 

4. Shale, brown, very sandy------------- 2 
. 3. Sandston~. bright yellowish gray to al-

most white, irregularly bedded, soft, 
'friable----------------------------- 1 

2. Conglomerate, very coarse and gravelly, 
with small amount of cementing ma
terial and sand ; pebbles 3 inches or 
less in diameter, average size about 
three-quarters inch; a ·Single massive 
brown hard ledge; weathers some
what readily and makes loose graveL 1-8 

Total Dakota (?) sandstone_______ 46 
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Cretaceous ( ? ) : 
Morrison ( ? ) formation-

!. Snndstoue, yellowish gray, medium to 
coarse grained, irregularly bedded, 
massive; in part conglomeratic but 
does not contain large or numerous 
pebbles; in part irregularly cross
bedded, fairly bard; weathers in 
cliffs; top exposed; this bed forms 
the box canyon of Last Chance Creek 
below this point. 

Seotion of D(J;lcOt(t- (f) sana.stone and associatell rocks about 
5 m-iles above mou,th of War-m Oreek, Utah 

[Measured by Herbert E. Gregory] 
Cretaceous : 

Tropic shale- Feet 
9. Sandstone, thin bedded, gray, lenticular, 

with stratum 1 foot thick chiefly of 
coquina, shells of Grypha;ea and Ostrea--

the " oyster beds "---------------------- 4 
Dakota ( ?) sandstone-

S. Coal, ubout half of good quality____________ 2 
7. Shale, drab, calcareous; plant impressions__ 4 
6. Coal; lower 2 feet good quality_____________ 4 

G. Shale, like No. 7-------------------------- 2 
4. Sandstone, brown, coarse; a few quartz peb-

bles and mud balls irregularly placed ; 
cross-bedded; stub-ended and web-shaped 
lenses ; surfaces of a few shale lenses 
ripple marked, sun dried, and strewn with 
root prints; some iron concretions; at the 
base is a lens 3 feet th icl' and about SO 
feet long of dark-red shale with wavy 
lower surface---------------------------

3. Conglomerate and sandstone, gray-yellow; 
essentially a series of lenses of coarse 
sandstone that is traversed irregularly by 
strings of subangular white quartz pebbles 
and short lenses as much as 4 inches 
thick of quartzite, chert, sandstone, and 
limestone pebbles; full of unconformities, 
porous; is a water-bearing bed------------

Total Dakota ( ?) sandstone __________ _ 
Cretaceous ( ? ) : 

Morrison ( ?) formation-
2. Shale, green-yellow and red-brown; arena-

ceous and calcar~ous, irregularly bedded, 
foliation surfaces sun dried and cracked __ 

1. Conglomerate and coarse sandstone, all cross
bedded, and some fine sandstone, yellow
brown; nrranged as thick lenses that ex
tend for several hundred feet and short 
stubby masses ; mnny unconformities ; in 
conglomerate lenses occur pebbles of quartz 
and quartzite of various colors, red chert, 
sandstone, limestone, and petrified wood, 
as much as 3 inches in diameter, smooth 
but not well rounded ; beds of fine sand
stone, ripple marked; rock porous, prob
ably from wentbering of clay lumps and 
balls of friable sandstone; some impres-

13 

15 

40 

10 

sions of plants-------------------------- 120 

Unconformity. 
Jurassic: 

Total Morrison ( ?) formation__________ 130 

Sandstone, green-white, friable, in beds 6 to 15 feet thick. 

1S940--31--8 

Section of part of Dakota (f) sandstone on east side ot Paria 
R'iVe?· 6 miles below mouth of Oottonwood Oreek, SlV. :tA, 
seo. 21, T. -42 S., R. 1 lV., Kane Oounty, Utah 

[Measut·ed by Raymond C. Moore] 

Cretaceous : 
Tropic E"hale- :Ft. in. 

6. Sandstone, yellowish brown, medium-
bedded, very fossiliferous; contains 
Gryphaea and Ostrea. 

Dakota ( ? ) sandstone-
5. Sandstone, 'brown, grades downward into 

bluish drab; thin bedded, shaly; con
tains a few zones of clay shale with 
abundant fibrous gypsum in irregular 
seams-------------------------------- 15 

4. Sandstone, brown, nodular, irregularly 
bedded, strongly pyritiferous__________ 6 

3. Coal and bone-

Coal, fair quality, bright to dull 
luster, but c o n t a i n s very 
numerous fiat nodules of pyrite 
and lenses of sand as much as 

Inches 

4 inches in thickness__________ 18 
Coal, good quality, bright luster, 

hard, subcubic cleavage, middle 
part (5 inches) somewhat bony_ 19 

Bone___________________________ ·3 · 
Coal, fair grade but containing 

thin streaks and lenses of bone 13 
Bone___________________________ 6 

5 8 
2. Shale, dark, carbonaceous and sand-

stone at base------------------------- 35 
1. CoYered-------------------------------- 20 

Total Dakota ( ?) sandstone________ 81 8 

Seotion of lowermost Oretaoeous strata 0111 west side of Paria 
River ilfl, SE. lA, seo. 12, T. 31 S., R. 3 W., about 1% miles 
north of Oantnonville, Ga1·{ield County, Utah 

[Measured by Raymond C. Moore] 

Cretaceous : 
Tropic shale- Ft. in. 

19. Shale, bluish drab, soft; thickness sev-
eral hundred feet, not measured. 

1S. Sandstone, yellowish brown, hard, mas
sive; forms capping ledge of promi-
nent bench ________________________ 8-10 

17. Sandstone, brown to nearly black, car
bonaceous----------~--------------- 6 

16. Shale, carbonaceous, upper part gray, 
middle and lower portions nearly 
black------------------------------ S 

15. Shale, sandy, bluish gray, rather hard_ 5 
14. Shale, clayey, extremely fossiliferous; 

in places composed almost wholly of 
the partly broken remains of oysters_ 3 

13. Sandstone, bluish to brownish gray, 
carbonaceous ; massive but weathers 
shaly ___________________________ :___ 2 

12. Shale, brown, carbonaceous, sandy, 
rather hard _______________ · ________ _ 

11. Coal, impure, poor grade--------------
10. Shale, black, carbonaceous; lower part 

in places a carbonaceous sandstone__ ~ 

4 
6 
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Cretaceous-Continued. 
Tropic shale-Continued. Ft. in. 

9. Shale, bluish gray ; in places contains 
fragments of shells----------------- 1 6 

8. Sandstone, bluish gray,· hard; grades 
into beds above and below---------- 1 8 

7. Shale, . bluish gray, bard, sandy, very 
fossiliferous ; contains chiefly oysters 2 

Total Tropic shale------------. 40+ 
Dakota ( ?) sandstone-

Covered. 

6. Coal, bard, impure, but rather even in 
texture; breaks in angular frag
ments ; not highly lustrous except in 
few thin streaks____________________ 1 9 

5. Shale, bluish gray, sandy_____________ '3 
4. Sandstone, brown, massive, irregularly 

bedded __________________________ :__ 8-10 

3. · Coal, poor quality-------------------- 6-8 
2. Shale, yellowish, sandy, soft__________ 20 
1. Sandstone, yellowish, s0ft, partly cov-

ered ; contains shaly portions and 
irregular discontinuous thin streaks of 
coal _______________________________ 25+ 

Total Dakota ( ?) sandstone_______ 58+ 

Section. of Dakota (f) sandston~ near Burr trail, on the 
Waterpocket Fold, a few mAles north of the mouth of Muley 
Tunst (J_re·ek 

[Measured by Herbert. E. Gregory] 
Cretaceous : 

Mancos shale ; includes " oyster bed " 92 feet above 
the base. 

Dakota ( ? ) sandstone-
5. Conglomerate, brown; contains· Uuee thin 

lenses of sandstone ; subangular pebbles, 

Feet 

mainly chert, quartzite, and quartz, which 
average three-fourths inch in diameter____ 10 · 

4. Shale, arenaceous, and thin sand~tone, yellow
brown, cross-bedded, lenticular ; contains 
impressions of plants____________________ 15 

3. Sandstone, coarse, in overlapping lenses ; 
quartz and chert grains well worn but not 
round ; contains scattered pebbles one-half 
inch or less in diameter and a few iron 
concretions------------------------------ 14 

2. Sha~e, sandy, and thin sandstone, red-brown; 
foliation surfaces sun cracked and ripple 
marked; some worm tracks; abundant iron 
in grains and black patches______________ 15 

1. Conglomerate (75 per cent) and very coarse 
sandstone (25 per cent), a series of short 
thick lenses and thin irregular beds, all 
strongly cross-bedded ; pebbles one-eighth 
inch to 2 inches in diameter of white, red, 
and black chert, lesser amount of quartzite, 
quaJ,'tz, and jasper, some igneous ( ?) ; some 
petrified wood; chunks and balls of com
pact green-white clay and of calcareous 
sand, irregularly. distributed, weathering 
of which gives rock a porous appearance; 
iron concretions in form of pancakes, 
lozenges, and bolt heads------------..,.----- 38 

Total Dakota(?) sandstone____________ 92 
Unconformity. 
Sbale and sandstone, red and green-gray .. 

TROPIC SHALE 

PHYSICAL AND STRATIGRAPHIC FEATURES 

The stratigraphic division that is here designated 
the Tropic shale consists predominantly of uniform 
dark-drab clayey shale and fine-textured sandy shale, 
thinly laminated and soft, which br~aks down readily 
to form slopes and broad, gently undulating flats. 
(See pl. 14, B.) The upper third of the formation is 
more or less sandy and in places contains thin beds of 
sandstone. Gypsum is uncommon, but crystals of 
selenite occur in many places on the weathered lower 
slopes. 

Except in steep cliffs the shale is generally covered 
by a thin layer of very fine, loose porous debris, which 

. supports a scanty cover of vegetation, and in many 
places the shale surface is quite bare. In traversing 
the outcrop a horse may sink above the fetlocks or even 
to the knees or may find firm footing. 

Because this ·weak formation ranges in thickness 
from about 600 to 1,400 feet it exerts a profound in
fluence on the topography in the area where it is 
exposed. Everywhere it has been stripped back so as 
to form a broad bench, which is underlain by the hard 
rocks of the Dakota ( ~), Morrison, and San Rafael 
formations. The shale composes the moderately steep 
slopes that lead from the bench to the overlying sand
stone. cliffs, and in places it forms broad saucerlike 
valleys. The several hundred f~et of uniformly soft 
dark sh~le between persistent prominent sandstones, 
which are distinguished by very uniform and rather 
striking lithologic characters, by topographic expres
sion, and by distinctive fossils, make this stratigraphic 
division one that can not be confused wit~ any others 
in the region. 

The base of the Tropic shale is characteristically 
sandy and highly fossiliferous. In most places, as 
along the southern bench of the Cretaceous plateaus 
and along the Straight Cliffs, this basal sandstone 
ranges in thickness from 1 to 15 feet. 'It is yellowish 
brown, friable, and rather evenly bedded and is i~ 
most places. readily distinguished by its lithologic 
character and its fauna from the underlying sand
sto:nes of the Dakota ( ? ) formation. Along_ the W a
terpocket monocline also the basal sand of the· corre
sponding sh~le division is very well developed. 

In the upper Paria Valley the lower part of the 
Tropic consists of fossiliferous shale and sandstone 
which are somewhat similar to the beds seen elsewhere 
but which contain alternating beds of coal that extend 
upward as much as 200 feet from the base ·of the · 
formation. The following section on lower Willis 
Creek, southwest of Cannonville, shows clearly the 
character of the lower part of the Tropic as here 
developed:· 
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Seotion of lower 1J(l!rt of the C1·etaoeous on WilUs Creek near 
oente'r of soc. 12, T. 38 8., R. 4 W., Garfield- County, Utah 

[Measured by Rnymoncl C. Moore] 
Cretaceous : 

Tropic shale- Ft. tn. 

14. Sandstone, fine to medium grained, mas
sive and thin bedded; contains sev
eral lenses of shale ; yellowish but 
weathe'rs brilliant red in places; a 
middle bed about 2lh feet thick con
tains a bun d aut fossil fragments, 
chiefly Ost·1·ea 1mtaenUa and a few 
other pelec'ypocls-------------------- 75 

13. Conl, uppears locally; poor grade and 
contains shale and sanely materiaL__ 2 

12. Shale, gray; weathers soft; many frag
ments of Ost1·ea,____________________ 20 

11. Sandstone, yellow-brown, middle part 
dark brown, cro.ss-beddecl ; contains 
some fine conglomerate with here and 
there pieces of charcon 1 and bands of 
carbonaceous material one-sixteenth 
to one-eighth inch in thickness______ 20 

10. Shale, carbonaceous, upper 6 inches 
fissile; cm·i'ies some sulphur--------- 2 G 

9. Cool, impure but black and glistening; 
contains much sulphur-------------- 2 

8. Shale, gray, weathers soft, many frag-
ments of OBt'rea____________________ 3 

7. Coal, very impure and contains much 
sulphur; mostly a bard very carbo-
naceous shale______________________ 41h 

6. Shale, like No. 14-------------------- 8 
5. Sandstone, yellow-gray, hard, a single 

massive bed-------------------~---- 1 6 
4. Shale, like No. 14-------------------- 33 
3. Coal_:_ · 

Ft. in. 
Coal, fu,ir quality-------- 2 4 

Bone -------------------- 4 
Coal, good quality ________ 1 10 

Sandstone, gray---------- % 
Coal, fair quality, contains 

some sulphur and gyp-
sum ------------------- 1 21h 

Sandstone, gray---------- lh 
Coal, fait· quality; contains 

sulphur and gypsum___ 10 
Snndstone, hard, clayey, 

flne grained, lentic'ular__ 2 
Coal, poor quality________ 4 
Olay_____________________ u 
Coal, fissile______________ 3 
Coal, brown, impure, poor 

qunlity ---------------- 1 1 
Shale, b 1 u is b, carbona-

ceous------------------ 2 G 
11 4% 

2. Shale, gray; weathers soft; many frag
ments of Ostrea____________________ 75 

Total Tropic shale __________ 251 + 
Dakota ( ? ) sandstone : 

1. Sandstone conglomerate, yellow and 
white, bard, massive •. ------~--------- 6 

Unconfor:m,lty. 
Jurassic : San Rafael group. 

In the broad, wide valley that lies between the 
Paunsaugunt and Table Cliff Plateaus and surrounds 
the village of Tropic, from which the forn1ation is 
named, exposures of the shale are excellent. The 
maximum observed thickness is about 1,450 feet. How
ever, much of the shale in this area is covered by 
·agricultural soil, by gravel deposits, and by scrub 
timber." Southwest of Tropic the outcrop of shale 
is marked by. gently sloping benches that extend 
toward the Paria from the base of the sandstones on 
the east flank of the Paunsaugunt Plateau, but the 
width of this belt is decreased by faulting. South
east of Tropic the Tropic shale is well exposed near 
Henrieville and along the East Kaibab monocline in 
the Horse and Round Valleys and along Cottonwood 
Creek. (See pl. 21, B.) The Round Valley is a 
bow 1-sha ped .depression carved in the Tropic shale 
where the dip of the beds is rather gentle, but farther 
south it is a longitudinal valley that is made narrow 
by the steep dip of the rocks. · 

The thickness of the Tropic shale at a point several 
miles north of the Paria River measured 900 feet, 
but along most of the south margin of the Cretaceous 
area the average thickness is about 600 feet. Eastward 
from the Paria River along the south face of the 
Kaiparowits Plateau, the Tropic shale is exposed as 
a.· fairly broad bench at the base of high sandstone 
bluffs. (See pl. 13, B.) Travel along it is fairly 
easy to Navajo Point, at the south tip, east of the 
l(aiparowits Plateau, where the bench is too narrow 
to follow. Beneath the Straight Cliffs the thickness 
of the Tropic shale ranges from about 550 to 750 
feet. Though the width of the exposure is not great 
the sandy beds at the base extend outward a distance 
of 1 to 3 miles as a capping for the massive Dakota ( ~) 
and M.orrison ( n beds. (See pl. 21, A.) In the 
valley of Halls Creek and . eastward the Cretaceous 
shale that corresponds to the Tropic shale is thicker 
than in the Kaiparowits Plateau. 

PALEONTOLOGY 

Marine fossils are common 'in the lower part of 
the Tropic shaJe but rare or absent in the middle and 
upper parts. Locally the basal sandstone is especially 
dch in fossils. Oysters and Gryphaeas constitute · 
nearly all the organic remains in the shaly beds, but . 
in the sandstone they may be accompanied by other 
forms. 

An oyster bed nearly 3 feet thick crops out near 
the base of tp.e Tropic on the west side of the ;paria 
River north of. Cannonville and together with other 
fossil-bearing beds is found beneath coal beds. Parts 
of the oyster bed consist of shale with abundant fos
sils, but commonly there is little mud between the 
shells, and tl~e rock might be called a limestone. The 
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species identified are Ostrea sp., probably 0. solenis
cus Meek, Gryphaea newberryi Stanton, and Serpwla 
sp. undet., probably new. The common fossils of the 
basal sandstone of the Tropic shale are Ostrea prw
dentia, 0. soleniscus, and Gryphaea newberryi, and 
numerous specimens of these forms are found in most 
exposures at this horizon. 

Some sandy layers in the upper third of the ·forma
tion contain abundant plant rm~ains. 

Invertebrate fossils collected from th.e Tropic shale 
nt sever:al localities have been identified by John B. 
Heeside, jr., who has submitted the following report: 

Tropic shale, 3 miles north of Henrieville, 100 feet above 
base. Lower Mancos fauna: 

Trochocyathus or Paracya
thus n. sp. 

Gryphaea newberryi Stanton. 
Exogyra columbella Meek. 

Exogyra aff. E. ponderosa 
Roemer. 

Baculites gracilis Shumard. 

Basal sandstone of the Tropic shale, from sec. 11, T. 42 S., 
R. 1 E. Apparently a Colorado fauna, brackish-water habitat: 

Anomia propatoris White. . . I Corbicula? sp. undet. 
Modiola multilinigera Meek. Physa sp. undet. 

Fossiliferous sandstone at base of Tropic shale in sec. 
10, T. 42 S., R. 1 E.. Lower Mancos fauna : 

Ostrea prudentia White. 
Gryphaea newberryi. I Exogyra aff. E. laeviuscula 

Roemer. 

East face of Kaiparowits Plateau south of Tenmile Spring 
and 14 miles southeast of Escalante, Utah. Sandstone in 
Trop,ic shale 30 feet above Dakota' (?) sandstone. Lower 
Mancos fauna.: 

Ostrea soleniscus Meek. I Small gastropod case, undet. 
Exogyra aff. E. ponderosa 

Roemer. . 

Same locality as last above, but in shale above the sand
stone. Lower Mancos fa una : 

Gryphaea newberryi Stanton. 1 Tellina modesta Meek? 

Halls Creek, east of Burr Creek, Garfield County, Utah. 
Sand~tone in basal (" Tununk shale") part of Mancos shale: 

Pteria gastrodes (Meek). 
Exogyra aff. E. ponderosa 

Roemer. 
Ostrea lugubris Conrad. 
Ostrea prudentia White. 
Cardium trite White. 
Callista orbiculata (Hall and 

Meek). 

Tellina? sp. 
Siliqua huerfanensis Stanton? 
Mactra uta.hensis Meek. 
Gyrodes depressa Morton. 
Mesostoma occidentalis Stan-

ton? 
Baculites-sp. · 

Burr trail, Waterpocket Fold, Utah, "Oyster reef" above 
Dakota ( ? ) sandstone. Lower Colorado fauna : 

Barbatia micronema (Meek). 
Pinna sp. undetermined. 
Ostrea soleniscus Meek. 
Ostrea prudentia White. 
Siliqua huerfanensis Stanton. 

Baculites sp. undet. 
Cardium trite White. 
Cyrena securis Meek. 
Tellina? sp. 
Spironema? sp. 

Basal sandstone of Tropic shale near the head of Rock 
Creek. A fauna known at a number of localities in the 
lower part of the Colorado group in Utah: 

Exogyra laeviuscula Roemer .. , Cardium trite White. 
Plicatula hydrotheca White. Callista sp. undet. 

Miscellaneous specimens from fine-grained light-gray cal
careous sandstones in Tropic shale along Last Chance Creek .. 
These species are chiefly those characteristic of the basal 
part of the Mancos shale in New Mex,ico and Colorado. Many 
of them have recently been found at the top of the Graneros 
shale of the Black Hills region, a suggestion that the begin
ning of marine sedimentation was appreciably later in Utah 
than . in the Black Hills region. 

I 
Callista? sp. 
Corbula nematophora Meek. 
Lunatia n. sp. aff. L. concinna 

Serpula sp. 
Inoceramus sp., fragments. 
Gryphaea newberryi Stanton. 
Exogyra columbella Meek. 
Camptonectes platessa White. 
Lima utahensis Stanton. 
Anomia subquadrata Stanton. 
Modiola n. sp. aff. M. meeki I 

Evans and Shumard. 
Vi:miella goniophora Meek. 

Hall and Meek. 
Turritella whitei Stanton. 
Anchura n. sp. 
Baculites gracilis Shumard. 
Acanthoceras kanabense Stan-
· ton, n. var. 

All these fossils appear to indicate the early Colorado or 
basal Mancos division of the standard Cretaceous section. 

STRAIGHT CLIFFS SANDSTONE 

PHYSICAL FEATURES 

The Tropic shale is conformably overlain by nlas
sive sandstones that are very clearly different litho
logically from the under lying rocks. In some places 
the drab-colored shale of the Tropic formation is 
overlain with rather abrupt change by massive brown
ish or yellow sandstone of the Straight Cliffs forma
tion, but in general there are 100 to 300 feet of in
terstratified shale and thin sandstone which appear 
to represent a transition zone between the Tropic and 
Straight Cliffs formation~. (See pl. U1:, B.) In this 
zone the shale is very sandy and toward the top con
tains increasingly numerous thin beds of hard sand
stone. It also resembles the overlying beds in color. 
Because of these features, which indicate that the 
change from mud to sand begins at the base of this 
zone, these inte~mediate beds are classed with the 
Straight Cliffs sandstone rather than with the Tropic 
shale. 

The Straight Cliffs sandstone is characteristically 
composed of very massive beds of light-yellowish or 
buff-brown fine to medium-grained sandstone. Most 
of the hard, massive beds are 3 to 10 feet thick, but 
some that exceed 60 feet in thickness were noted. 
1Vhere the formation lies essentially flat the sandstone 
forms nearly· vertical unscalable cliffs that present 
somewhat irregular craggy surfaces. In some places 
alternations with softer strata and fairly uniform 
major bedding give evidence of general uniformity in 
deposition. A view of the Straight Cliffs from ~the 
plain a few miles distant on the northeast shows 
rather clearly this broadly even bedding of the sand
stone. (See pl. 14, A.) Other exposures show few 
persistent, readily traceable divisions, and consid
m·able irregularity occurs in both major and minor 
divisions. This high variability in the thickness and 
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continuity of individual beds, the size of grains, the 
. amount of cross-bedding, the distribution of the fer
ruginous cement, the degree of porosity, and the re
sistance to weathering n1akes detailed measurement 
of sections and especially comparison of parts of the 
formation in different areas rather difficult. 

A noteworthy .characteristic of the Straight Cliffs 
sandstone is the presence in several parts of this area 
of workable beds of coal. In some districts there 
are thin streaks of carbonaceous shale and poor coal 
at horizons that range almost from the bottom to 
the top of the formation, but in others there is no 
coal at all. The chief coal zone is the middle third 
of the forn1ation, and this zone contains individual 
beds 15 to 20 feet thick. Some of the coal beds ap
pear to be persistent over several square miles but 
pinch out in many places rather abruptly. 

Much of the Cretaceous sandstone along Last Chance 
and Warm Creeks is altered by the natural burning of 
the included coal beds. The sandstone is altered to 
bright red, baked, and b.ardened, and the associated 
shale is changed to a bricldike dark hard argillite or 
to clinker. Bedding is so much disturbed that in many 
places it is impossible to determine the original atti
tude and composition of the strata. 

In contrast to the under lying shale, the Straight 
Cliffs sandstone is resistant to erosion, and as 'the 
formation is several hundred feet thick it makes a 
broad plateau bench that is bordered by high, almost 
sheer cliffs. The long line of nearly rectilinear cliffs 
fronting toward the Escalante Valley is made by this 
division and suggests the name Straight Cliffs, which 
has been applied to it. Along the south margin of the 
ICaiparowits Plateau the escarpment formed by the 
Straight Cliffs sandstone is almost as prominent topo
graphically, but it is very irregular in trend. Along 
the East I\:aibab monocline this sandstone forms the 
western of the two high sharp-crested " comb " ridges 
that are made by the upturned Cretaceous sandstone. 
The canyons that cut through the sandstone are steep 
walled and in places have vertical sides. (See pis. 19, 
B;20,B.) 

In thickness the Straight Cliffs sandstone averages 
about 1,000 feet. In the Straight Cliffs escarpment 
it increases from about 900 feet near Escalante to 
about 1,200 feet at Fortymile Point. Near Wahweap 
Creek its measured thickness is 950 feet. At the head 
of Rock Creek it is 1,250 feet. On the east side of 
the Paunsaugunt Plateau, where its top has been re
moved by erosion, the remaining portions range in 
thickness from 700 to 1,200 feet. 

STRATIGRAPHY 

Because of the practically continuous unscalable 
escarpment along the Straight Cliffs it is very difficult 
f'o obtain detailed information concerning the Compo-

sition of this sandstone in this part of the Kaiparowits 
Plateau. However, a section measured by Gregory on . 
Collett Creek shows its character there. (Seep. 109.) 

At a point on Last Chance Creek where the thick
ness of the Straight Cliffs sandstone is more than 944· 
feet the formation consists almost entirely of sand-· 
stone with less than 10 per cent of sandy shale and 
only two or three thin lignite beds in the middle part. 
of the formation. Marine and brackish-water fossils 
are found at several horizons in this area. 

On the main Last Chance Creek, where the lower 
one-third of the transition beds of the Straight Cliffs. 
sandstone, including the transition beds at the baser 
is accessible, the middle part of the formation is dis
tinguished by numerous beds of lignite, some of which 
are as much as 20 feet thick, but as nearly all of 
this coal above a few feet from the bottom of the 
canyon is burned, and as the associated sandstone and 
sandy shale are much altered, neither the quality 
of the coal nor the composition of the sandstone could 
be satisfactorily determined. 

On the Croton Branch of Last Chance Creek some 
of the very thin coals are now burning. 

On Warm Creek the middle part of the Straight 
Cliffs sandstone contains thick coals which appear to 
correspond with those observed on Last Chance Creek. 
In this area as well as in the area to the east and 
north, all the coal is burned down to the beds that lie 
within a few feet of the bottom O'f the present stream 
valleys. The name Warm Creek is evidently due to 
.the vapors from burning coal at points along the 
creek. 

Along the upper west branch of Warm Creek the 
Straight Cliffs sandstone presents some features not 
shown elsewhere. In 615 feet of beds the thickest bed 
of massive sandstone is 60 feet thick; in the upper
most 300 feet only three individual beds exceed 20 feet 
in thickness, and in the lowermost 200 feet only one 
measured bed is thicker than 10 feet. Coal beds in 
this section begin 182 feet fro~ the top and extend 
within 60 feet of the bottom. Within tlie intervening 
373 feet lie 15 beds of.coal of good quality, which have 
a total thickness of 28 feet 10 inches, and 12 beds of 
earthy lignite and coal mingled with shale. 

Along Wahweap Creek excellent exposures of the 
Straight Cliffs sandstone reveal very few coal beds,. 
and the few tha.t are present are thin and of no value .. 
Marine fossils are found at several horizons, but the 
distinctive zones that were recognized on Croton Creek 
were not found here. The same conditions appear to
persist along the East Kaibab fold, where the sand~ 
stone is very well exposed in the westernmost of the· 
two main Cretaceous hogbacks. 

Along Henrieville Creek northeast of the village of · 
flenrieville the entire Straight Cliffs formation is weU 
exposed in a tilted position above the Tro.pie shale·. 
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Beginning at the base, its large subdivisions and their 
e~timated thicknesses are ( 1) buff coarse sandstone, of 
which about half the beds are 6 to 10 feet thick and the 
other half 1 to 3 feet .thick, 1.60 feet; (2) argillaceous 
and arenaceous shale and coal, 60 feet; ( 3) sandstone, 
a series of shaly or thin beds within which are two or 
more strata of massive sandstone 10 to 30 feet thick, 
120 feet; ( 4) sandstone, buff, coarse, irregularly 
bedded, in part cross-bedded and lenticular, in beds 15 
to 80 feet in thickness, separated by discontinuous beds 
of shalelike sandstone, 450 feet. Except for the coal 
and associated shale of No. 2 and some thin coal beds 
in No. 3, the entire section, approximately 800 feet, 
consists substantially of sandstone, highly variable in 
thickness and continuity of beds, in size of grains, in 
amount of cross-bedding, in amount and position of 
iron as cement and concretions, in degree o.f porosity, 
and in resistance to weathering. The shale, especially 
that in the uppermost 400 feet, occurs essentially in 
lenses of thin-bedded sandstone, some of them as much 
as 10 feet thick and persistent for more than a mile; in 
other places the shale occurs in mere patches on uneven 
st~rfaces of massive sandstone beds. Argillaceous shale 
where present is inconspicuous. It occurs sporadically 
ii1 thin s~ndstone and as irregular masses of hardened 
clay within the thick beds. The weathering of these 
masses has given some beds a cavernous appearance 
and provided exit for ground water. 

A plane-table traverse along this creek shows a total 
thickness of the Cretaceous sandstone above the Tropic 
shale of 1,700 feet, but the Straight Cliffs sandstone 
was not differentiated from the overlying W ahweap 
sandstone. 

The following selected sections show the composition 
and arrangement of beds in the Straight .Cliffs forma
tion of the Kaiparowits region: 

Section of Oretaoeous strata on south rim of Kavparowits 
. Plateau, nea.r head of west branch of Last Onance Oreek 

. '[Measm·ed by H. E. Gregory with th~ .assistance of J. E. Doneghy] 

Straight Cliffs sandstone: Ft. in. 
39. Sandstone, massive, with many iron concre

tions and some iron cement; weathers to 
general red tone at base of small knobs and 
ridges; contains shark teeth ; top of 
plateau----------------------------------- 35 

:38. Sandstone, coarse grained, buff-yellow, con
formable beds 6 inches to 3 feet thick :with-
out shale partings________________________ 55 10 

.37. Shale with interbedded sandstone___________ 16 4 
36. Debris-covered slope, composed largely of ir

regularly bedded sandstone_______________ 67 6 
.35. Sandstone, buff-yellow, massive; fine, angular 

grained; calcareous cement; forms fiat 
bench with vertical cliffs cut by strong ver-
tical joints-----------------------------7 - 83 5 

.34. Sandstone in thin even beds with stratum of 
calcareous shale 8 inches thick at base_____ 6 3 

Stl;aight Cliffs sandstone-Continued. Ft.· in. 

33. Sandstone, massive, largely of clean angular 
quartz grains---------------------~------- 7 

32. Shale, arenaceous, with thin lenses of dark 
sandstone and of earthy coaL------------- 5 4 

31. Shale, arenaceous and argillaceous; contains 
impressions of plants_____________________ 2 4 

30. Sandstone, coarse grained, porous, in even 
beds 6 inches to 1 foot thick; contains much 
iron in concretions and nodules; weathers 
red-------------------------------------- 27 10 

29. Sandstone, massive, buff-yellow_; coarse, an-
gular grains------------------------------ 11 2 

28. Sandstone with shale partings_______________ 1 7 
.27. Sandstone, buff-yellow, massive______________ 38 7 
26. Sandstone, buff, in regular beds 1 to 2 feet 

thick, interbedded with calcareous shale___ 17 6 
25. Sandstone, yellow-gray; five beds____________ 27 10 
24. Shale, arenaceous, sprinkled with iron grains_ 8 
23. Sandstone, fine grains, regularly bedded_____ 2 7 
22. Sha,le, like No. 24___________________________ 6 
21. Sandstone, buff, massive, calcareous and iron 

cement; coarser grains angular, slightly 
cross-bedded______________________________ 41 3 

20. Shale, yellow, arenaceous and argillaceous; 
contains streaks of calcareous material and 
a few fragments of carbonized wood______ 3 4 

19. Sandstone, buff, composed of fine grains of 
quartz, most of them angular ; calcareous 
cement; massive, resistant except for an ir
regular bed or lens of shale 3 inches thick 
near bas~-------------------------------- 76 3 

18. Sandstone and shale in alternating beds 3 
inches to 2 feet thick; rich in organic mat-
ter; includes a few thin seams of coaL___ 28 3 

17. Coal; thin lenticular beds interstratified with 
carbonaceous shale_______________________ 2 5 

16. Sandstone, thin, and shale like No. 18________ 14 8 
15. Shale and coal : 

Shale, arenaceous; contains impres· 
sions of plants----------------

Earthy lignite and lenses of sand· 
stone and shale _______________ _ 

Coal, good quality-----------... ----

Ft. in. 

6 

5 4 
10 

14. Sandstone, white, in thin even beds, medium 
grains of pure quartz, poorly cemented with 

6 8 

lime ; a few partings of arenaceous shale__ 9 4 
13. Sandstone, white, massive, resistant, slightly 

cross-bedded, composed of very fin€" white 
coarse grains ; no iron and no organic 
matter----------------------------------- 29 2 

12. Shale, arenaceous, and thin-bedded sand~tone-: 4 2 
11. Sandstone, buff, slightly cross-bedded; mas-

sive, except for 5 inches of shale 22 feet 
from the top; fine angular white quartz 
grains and some larger red iron·coated 
grains; cement composed of iron, lime, and 
gypsum ( ?) ; porous and gives rise to seeps 
of water at places where rocks are coated 
with gypsum----------------------------- 79 3 

10. Shale, gray, and sandstone, unevenly stratified 
in beds and lenses 1 inch to 1 foot thick; 
shales rich in carbonized plant remains; · 
fragments and impressions of plants also in 
sandst~ne--------------------·------------ 17 8 

9. Shale, blue-gray, and earthy lignite_________ 2 7 



CRETACEOUS FORMATIONS 103 

Straight Cll:ffs sandstone-Continued. Ft. in. 
8. Sandstone, buff-grny, in wavelike beds but not 

cross-bedded; sugary texture; grains pr~ 
vailingly angular, cemented by lime; few 
iron nodules------------------------------ 8 4 

7. Shule and shaly sandstone, gray, in beds less 
than 10 inches thick, exceptionally regular ; 
contains much iron, also lime and gypsum 
as cement and as disseminated particles ; 
forms slope partly covered by landslides___ 23 

6. Sandstone, buff, in friable beds 1 to 6 inches 
thick; contains much crystalline· gypsu~; 
bottom 3 feet is red porous cross-bedded 
sandstone through which water seeps______ 10 5 

5. Sandstone, gray, massive, hard, resistant; 
bottom 10 feet strongly cross-bedded ; grains 
small, white, rounded, and well sortM; 

. ·contains pebbles as much as 1 inch in diam-
eter nrrnnged in porous lenses and as 
scattered individuals---------------------- 41 

4. Sandstone, buff-yellow, compact, cliff maker; 
grains well worn and assorted; includes five 
beds: 

Ft. in. 
Sandstone, iu vertical cliff, sepa-

rn ted into beds by thin lenses 
of sandy shale and lenses of 
irohstone containing broken 
frngments of Inocera·n1.1ts and 
P·rionot1·apis------------------ 23 2 

Sandstone, t h i u bedded, even 
bedded----------------------- 8 10 

Sandstone or conglomerate, com
posed of interleaving lenses of 
white quartz pebbles 1lh inches 
or less in dlameter____________ 53 4 

Sandstone, fine grained, t h 1 n 
bedded, even bedded, with scat-
tered large pebbles____________ 5 

Sandstone, massiv·e, cross-bedded, 
weathers porous, solution has 
produced " toe holes " a n d 
miniature caverns------------ 22 

---112 4 
3. Sandstone, buff-yellow, cross-bedded ; beds 1 to 

3 feet thlcl{ ______________ ~---------------- 20 
2. Sandstone, yellow-gray, irregularly separated 

into 4 beds-------------------------------- 16 10 

Total Straight Cliffs sandstone ___________ 954 2 

Tropic shale : 
1. Shnle, gray and slate-colored, and sandstone in 

beds less than 5 inches thick ; shale increas
ingly more argillaceous, more abundant, and 
In thinner beds toward the bottom ; surfaces 
of beds decorated with minute concretionary 
lozenges, plnnt impressions, and fossil shells_ 22 

Shale, slate-colored, abundant Mancos fossils. 

Through an accident to the pack . train fossils col
lected from the beds analyzed in this section were lost .. 
A notable feature of the section is the small amount of 
.coal. At a place less than 2 miles distant the equiva
lC::nt of beds Nos. 9 to 20 contains nine beds of coal, the 
thickest measuring 23 inches, and more than half of 
the coal is of good qua1ity. 

Section north of west bramch of 01·oton Greek Fork of. Last 
Chance Oreelo, front seo. 10 to northern pwrt of seo. 21, 
T. 40 S., R .. 5 ~., Ka11.e County, Utah 

(Measured by Raymond C. ··Moore] 

Straight Cliffs sandstone : . Feet 
9. Sandstone, light yellowish brown, very massive, 

hard, somewhat ii·i-egularly bedded; forms 
prominent cliff and upholds the main Straiglft 
CI:ffs escarpment; shaly zone 275 feet from the 
top contains an abundant' marine fauna-
oysters, gastropods, and other forms_;_ ______ 300 

8. Sandstone, yellowish brown, soft, more or less 
shaly, irregularly bedded; forms slope beneath 
cliff above---------------------------------- 110 

7. Sandstone, b1:own, massive, hard; forms promi-
nent rim------------------------------------ 25 

6. Sandstone,· soft, shaly, yellowish brown_________ 20 
5. Sandstone, light yellow, medium to massive 

bedded, moderately soft ; w~athers in large 
blocks and in rounded surfaces _______________ 160 

4. Sandstone, light creamy yellow, very massive, 
hard ; forms box canyons ; locally contains very 

· numerous large Inocerami; a ledge maker ____ 115 
3. Sandstone, light yellowish gray to light brown, 

soft, calcareous, medium bedded ; weathers in 
angular blocks------------------------------ 220 

2. Sandstone, brown, soft, shaly ---..,.--------------- 30 

Total Straight ·Cliffs sandstone _____________ 980 

'l'ropic shale : 
1. Shale, dark drab to nearly black, uniform 

texture ---------·---------------------------- 500+ 

Section measured on north wall of Bryce Canyon, north pa;rt 
of .seo. 5, T. 31 S., R. 3 W., Garfield County, Utah 

[Measured by Raymond C. Moore] 

Tertiary: 
Wasatch formation- Feet 

14. Sandstone, reddish brown to pink, cal
.careous; weathers in massive cliffs and 
fantastic erosion forms, very irregu-
larly bedded ; rests unconformably on 
slightly uneven surface of ,underlying 
rocks-------------------------------- 100+ 

Cretaceous : 
Straight Cliffs sandstone-

13. Sandstone, yellow, coarse and gritty, soft; 
interbedded with S·andy shale . and 
grades into shaly sandstone; in places 
weathers in slopes; elsewhere occurs in 
slopes and ledges_____________________ 42 

12. Sandstone, yellow, massive, medium fine 
grained ; forms vertical ledge__________ 17 

11. Shale, blue, clayey to sandy; rather soft 
·but in places forms vertical cliff beneath 
capping sandstone; contains fragments 
of plants p.oorly preserved_____________ 33 

10. Sandstone, yellow and light creamy, fine 
grained, massive; forms prominent 
ledge________________________________ 50 

9. Shale, sandy, and yellowish sandstone; 
form slope with irregular discontinuous 
ledges _______________________________ ,;. 100 
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Cretaceous-Continued. 
Straight Cliffs sand~tone-Continued. 

8. Sandstone, yellow, very massive, some
what il~regularly stratified; weathers in 
large blocks and more or less smoothly 
rounded surface; a prominent cliff-
making division _____________________ _ 

7. Shale, yellowish brown, sandy ; grades into 
very soft sbaly sandstone ; forms a 
slope ________________________________ _ 

6 .. Sandstone, yellow, massive, medium to 

Feet 

95 

fine grained, fairly bard; forms ledge, 
irregularly bedded____________________ 32 

· 5. Shale, sandy, drab to yellow; forms slope_ 40 
4. Sandstone, yellow, massive; irregularly 

bedded and with irregular contact with 
subjacent division, into which it grades_ 16-20 

3. Conglomerate, sandy, brown, ferruginous ; 
contains many pebbles as much as 1 inch 
in diameter; parts stained very bright 
red _____ • ____________________________ 27-30 

2. Sandstone, creamy yellow, very soft and 
poorly cemented; weathers Teatlily to 
loose sand, massive __________________ . 55 

1. Ironstone conglomerate, brown, very bard, 
a prominent ledge____________________ 1-12 

Total Straight Cliffs sandstone_____ 535+ 
Covered to creek bottom, 15 feet more or less. 
Base of section undetermined but 100 feet more or less 

above Tropic shale. 

PALEONTOWGY 

Marine and brackish-water fossils are found in many 
parts of the Straight Cliffs sandstone, and according 'to 
identifications by John B. Reeside, jr., all belong to 
the fauna of the upper (Niobrara) part of the 
Colorado group. 

A very massive fine-grained sandstone about 250 
feet above the base of the formation in the southeastern 
part of the Kaiparowits Plateau contains large num
bers of big, thick-shelled lnoceramrus wnv,bonatus Meek 
and Hayden, which corresponds to I. inv·olutus 
Sowerby of the European Emscher and Coniacian 
and in the western interior region is strictly limited 
to the Niobrara horizon. 

A zone about 170 feet above the I nocera1nus-bearing 
ledge contains fairly abundant specimens of Ostr_ea 
soleniscus, Barbatia microne1na (Meek), Modiola mul
tilinigera Meek, and Ostre(J) sp. undet., which also 
indicate Colorado age. 

About 275 feet below the to·p of the forn1ation on 
Croton Branch a marine fauna containing Serpula 
sp. undet., M embranipora sp. undet., Ostrea soleniscus 
Meek, M odiola multilinigera Meek, and Turritella or 
(! hemnitzia sp. was found in several places. This as
semblage is indicated by Reeside as belonging to the 
Colorado. 

On the trail to the top of the Kaiparowits Plateau· 
at the head of Rock Creek, from a bed in the sandstone 
180 feet above the top of the Tropic shale, Nucula 

coloradoensis Stanton, Ostrea prudentia White, 
Modiola sp. ~' Oardiwn curtu1n Meek and Hayden, and 
Gyrodes depressus Meek were collected, and from 
about the middle of the Straight Cliffs sandstone on 
the Coyote Holes trail Turritella 1.ohitei Stanton, 
Ostrea sp. undetermined, Oardiu1n p(lfUperculwm Meek, 
Plicatula hydrotheca White~, and M actra arenarria 
Meek. Both of these lots are referred by Reeside to 
the uppermost Colorado. 

On the summit of the l(aiparowits Plateau, about 10 
miles from the south end and within 100 feet of the 
top of the Straight Cliffs sandstone, pelecypod frag
ments and specimens of Oorbula perundata Meek 
and Ha.yden were gathered. This species occurs in 
both the Colorado and l\1ontana groups and is not 
distinctive. 

The distribution of marine fossils and coal beds 
seems clearly to suggest the general position, probably 
a varying one, of sea and land during the time of. 
deposition of the sandstone in this area. Commonly 
where coal is well developed no marine fossils are 
found in the sandstone, but elsewhere, especially to
ward the east and northeast, marine invertebrates 
occur at several horizons. 

WAHWEAP SANDSTONE 

PHYSICAL FEATURES 

The term Wahweap sandstone designates a series. 
of sandy shale and massive sandstone that conform-· 
ably overlies the Straight Cliffs sandstone and under-· 
lies the distinctive Kaiparowits formation. As a. 
stratigraphic division the Wahweap is characterized 
by its topographic expression, the absence, so far as. 
observed, of coal beds, and the scarcity of fossils. 

The lower and middle parts of the Wahweap for
mation consist of alternating groups of sandy shale· 
and sandstone. Toward the top the amount of sand
stone and the thickness of sandstone beds increase, and 

· the upper third consists almost entirely of sandstone .. 
In places the topmost bed forms a massive unbroken. 
ledge 100 to 200 feet thick. This arrangement .of rela
tively weak and thin beds underlying resistant thick 

·beds has permitted a recession of cliffs on a large scale; 
the huge cliffs developed in the ';y ahweap stand sev
eral miles back of those in the Straight Cliffs forma
tion. '\tVhere the beds are steeply inclined, as along 
the East Kaibab monocline, the relatively weak beds 
in the lower ';y ahweap mark the 'position of a longi
tudinal valley between two hogback ridges. Along 

· the south margin of the Kaiparowits Plateau and in 
the canyons that dissect its surface the massive upper 
sandstones form almost vertical cliffs; the capping· 
ledge in particular is an unscalable cliff. The lower 
sandstones · make weak cliffs and benches separated 
by slopes formed of sandy shale. 
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A. STRAIGHT CLII'FS SANDSTONE ON ESCALANTE RIVER WEST OF ESCALANTE 

B. TROPIC SHALE OVERLAIN BY STRAIGHT CLIFFS SANDSTONE. WAHWEAP CREEK 

C. WALL OF W AHWEAP SANDSTONE, W AHWEAP CREEK 
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BRYCE CANYON 

Rain and running water have carved the partly consolidated varicolored T ertiary rocks of the W asa tch formation into a gorgeous fretwork oC pinnacles, spires, a nd colonnades. Jl hotograph by George L. 
Beam; used by cour t.esy of National Parks Associa tion. 
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.Lithologically the sandstone and shale of the Wah
weap formation resemble those of the underlying 
Straight Cliffs formation. In color the sandstone is 
light creamy yellow or brownish buff; the shale is 
grayish to greenish brown. In general the bedding, 
especially that of the large units, is rather even, but 
many of the sandstone beds are notably lenticular, 
and the gradation from massive ledges to thin-bedded 
sandstone and on to very sandy shale is highly irreg
ular. (See pl. 14, 0.) Some of the sandstone is 
cross-bedded. In texture most of the materials are 
medium to fine grained, but in some places near the 
base of the fonnation lenses of conglomeratic sand
stone were observed, some of which contain fragments 
of vertebrates. 

1\feasurements of the thickness of the Wahweap 
sandstone at more than a score of places along the 
escarpment from the East l{aibab monocline to Last 
Chance Creek show an average thickness of about 
1,250 feet. In the Paria Valley and also north of 
Henrieville, where the 'Vahweap sandstone is exposed 
in a monoclinal fold, the thickness seems to be con
siderably l~ss. 

STRATIGRAPHY 

The following section sho'Ys the general character 
of the Wahweap formation: 

Section of Wahweap sandstone at escwrpment southwest of 
Last Ol~~ance COII11JJOn, seo. "1, T . .qo S., R. 4 E., Kane County, 
Utaz, 

[Measured by Raymond C. Moore] 

Wahweap sandstone: Feet 
19. Sandstone, light yellowish brown, very massive, 

forming sheer cliff; caps plateau__________ 210 
18. Shale, brown, sandy__________________________ 15 
17. Sandstone, buff, medium to massive, fairly even 

bedding with thin shaly partings ; forms 
broken cliff, practically continuous with that 
of the capping sandstone-----------~--~---- 60 

16. Sandstone, light brown, medium to massive bed-
ding, with alternating thin shaly sandstone 
divisions; forms steep slope with weak cliffs_ 130 

15. Sandstone, brown, soft, shaly; forms slope_____ 50 
14. Sandstone, yellowish brown, massive; forms 

cliff________________________________________ 20 
13. Sandstone, brown, soft, with irregular thin 

harder beds ; weathers in slope ______________ · 35 

12. Sandstone like No. 14------------------------- 25 
11. Sandstone and sandy shale; resemble No. 16_ 45 
10. Sandstone, light buff, medium bedded; forms 

weak cliff__________________________________ 15 
9. Sandstone ·and shale, mostly covered________ 30 
8. Sandstone like No. 14----------------------- 40 
7. Shale, greenish brown, very sandy, grading to 

soft sandstone and containing. thin ·hard 
. sandstone streaks; form$ slope______________ 145 

6. Sandstone like No. 14________________________ 30 
5. Shale like No. 7---------------------------- 125 
4. Sandstone like No. 14------------------------ 50 
3. Shale like No. 7 with a few more prominent 

sandstone beds forming weak cliffs_________ 185 

Wahweap sandstone-Continued. Feet 

2. Sandstone like No. 14------------------------- 40 
1. Shale like No. 7 with 5-7 feet of thin hard sand-

stone in middle part; in slabby cross-bedded 
sandstone near base a fish bone was collected_ 95 

Straight Cliffs sandstone. 
1,245 

Generalized, section of· the Wahweap sandstone on upper 
Coyote Greek, 7'. 41 S., R. 1 E., Kane County, Utah 

[Measured by Raymond C. Moore] 

Wahweap sandstone : Feet 
5. Sandstone brown to yellowish, many thin 

and massive beds with small amounts of 
shale ; slopes are in Ia.rge part formed 
of soft sandstone rather than shale; series 
is capped by a mass,ive, resistant sandstone 
about 60 feet thick, which weathers in 
vertical walls-------------------------·-- 350-400 

4. Shale, brown in lower part, with some gray 
in middle and upper parts, sandy and cross
bedded; contains many lenses of sand-
stone that occur very irregularly ________ 300-350 

3. Sandstone, brown, similar to other beds in 
the section; occurs in two beds with shale 
between------------------~-------------- 30 

2. Shale, grayish brown______________________ 20 
1. Sandstone, brown to gray, fine grained; 

exposed_________________________________ 15 

760± 

In sec. 33, T. 39 S., R. 3 E., a fragment of a croco
dile or turtle bone not certainly determinable was 
found about 600 feet below the top of the Wahweap 
sandstone. No fossil in vertebrates were collected. In 
stratigraphic position the formation probably repre-· 
sents uppermost Mancos. 

UNDIFFERENTIATED STRAIGHT CLIFFS AND W AHWEAP 
SANDSTONES 

In the northern part of the Paria Valley, along the· 
East l(aibab monocline north of .the " Gut," on the 
east slope of the Paunsaugunt Plateau, and in th~ val
ley of the East Fork of the Sevier River and along 
some of its tributaries on the top of the plateau the 
Cretaceous sandstones include the Straight Cliffs and 
Wahweap formations. Southeast of Table Cliff a very 
complete section of the two sandstones is exposed. 
They were not separated in mapping, but plane-table 
measurements and projection of dips and trigonomet
ric computation indicate a combined thickness ·of 
1,700 feet. Similarly, a complete but unstudied section 
of the sandstones lies south of Widtsoe, but farther 
west pre-Tertiary erosion has removed the upper part 
of the Cretaceous so that the Eocene now rests on 
different parts of the "V\-r ahweap and Straight Cliffs 
sandstones. In Bryce Canyon only a little over 600· 
feet of the sandstone remains between the top of the 
Tropic shale and the base of the Tertiary. Where· 
erosion has so largely reduced the original thickness. 
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of these sandy parts of the Cretaceous, the remaining 
rocks presumably belong chiefly to the Straight Cliffs 
sandstone, but no attempt was made to distinguish the 
forn1ations, which are so clearly differentiated on the 
Kaiparowits Plateau. However, most of the study of 
the Cretaceous beds in the northern Paria Valley was 
undertaken before the mapping of the rocks on the 
Kaiparowits Plateau, and it is probable that more 
detailed field work would result in a separation of the 
two formations in this region. 

On the Escalante-Widtsoe road in sandstone that 
corresponds to one of the two formations above the 
Tropic shale occurs a thick bed of well-rounded peb
bles of quartzite and chert that range in diameter from 
half an inch to 5 inches and are of many colors .. 
Associated with the conglomerates are thin, short 
gravel lenses, shale balls, and sandstones on the sur
face of which occur impressions of twigs and of a 
log nearly 3 feet in diameter. The significance of 
these observations with relation to studies farther 
south has not been determined. 

XAIPARQWITS FORMATION 

Most published sections of Cretaceous strata in 
northern New Mexico, northern Arizona, and southern 
Utah include representatives of the Dakota ( ~), 
Mancos, ·and Mesaverde formations of southwestern 
Colorado. Wherever present, the Mesaverde or in 
some places thick beds of sandstone in the Mancos 
give rise to prominent cliffs and form the surfaces of 
plateaus that are flanked by slopes of Mancos shale 
and rise high above surrounding platforms of Jurassic 
sandstone. At most places the latest Montana Creta
ceous strata have been swept- away by erosion or re
main as inconspicuous hills and ridges. Along the 
headwaters of the Paria River, Wahweap Creek, and 
the west branch of Collett Creek beds appear that are 
younger than the W ahweap sandstone. At Kaiparo
wits Peak and Table Cliff these beds occupy the posi
tion between the Wahweap sandstone and the massive 
Wasatch formation. About 2,000 feet of the beds 
have been preserved where they are protected from 
erosion near the Table Cliff Plateau. For these beds, 
which. constitute the topmost Cretaceous of southeast
ern Utah, the term Kaiparowits formation is proposed. 

As viewed in the field, the Kaiparowits formation 
is strongly cqntrasted wiih adjoining formations. 
The Wahweap sandstone below is buff and resistant to 
erosion, and the outcropping edges of its constituent 
beds form cliffs that are difficult of ascent. The Ter
tiary (Wasatch) limestones above are a brilliant pink 
and likewise form practically unscalable cliffs. The 
Kaiparowi~s, which lies between, presents tones so 

dar~ that they appear in some lights almost black, 
and except for inconspicuous shelf-like benches it 
forms a series of inclined surfaces that unite on inter
val~~y spaces to form a general slope from the top 
to the bottom of the formation. The rock is so fri
able that the water from the infrequent storms has 
cut a tangle of gullies and canyons, remarkable for 
their number and for the steepness of their sides. 
In dry weather the gentler slopes and the intertangled 
ridges may be traversed by carefully selected routes, 
but during showers the whole surface seems to move 
downward, and travel with horses is dangerous. 

At a distance the Kaiparowits appears to consist of 
shale beds with here and there thin lenses of sand
stone, but on closer examination the predominant rock 
proves to be fine-grained drab arkose sandstone, com
posed of quartz, orthoclase, albite, and biotite cement
ed by lime. Many of the feldspar grains are kaolin
ized and in contrast with the abundant biotite give 
the rock the appearance of a mixture of coarse pepper 
and salt. Most of the individual beds are less than. 
5 feet thick and die out within a few hundred feet. 
The few that were traced for a greater distance differ 
in thickness and in the arrangement of the prevalent 
cross-bedding. Within and between the sandstone 
beds lie thin, flat lenses and stub-ended lenses of 
slightly more firmly cemented sand grains, which are 
commonly of lighter color, some of them buff or 
yellow. 

In addition to the sandstone, the Kaiparowits for
mation contains lenses, pancakes, flattened balls, and 
irregular beds, some traceable for as much as 100 feet, 
of brown, gray-green, and white sandy limestone. 
Some thin lenses are composed of n~arly pure lime
stone-hardened calcareous silt sprinkled with sand 
a.bove and below. The formation includes also lenses 
of limestone .conglomerate composed o.f concretionary 
balls and irregular chunks of limestone, mingled with 
sand. From these lenses fossil shells and fragments 
of bone were obtained at several horizons. At Table 
Cliff the topmost strata of the Kaiparowits formation 
are less friable than those beneath; they include beds 
of coarse brown sandstone, lenses of sand firmly ce.:. 
mented by iron, and lenses of conglomerate composed 
of pellets of hardened limy mud and chips of arena
ceous shale. 

Along the upper tributaries of Wahweap Creek the 
Kaiparowits formation is widely exposed to view and 
constitutes rough badland slopes that are intricately 
cut by gullies and shallow canyons. At the east end 
of the narrow pass through the East Kaibab mono
cline, locally known as the "Gut," the following sec
tion of the lower part of the formation was measured : 
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Section of lower Pa'rt of Kaipm·owits toTrnat·ion in upper 
lVall:weap Valley 

[Strike of beds, N. 10° ID.; dip, 2° E. Measured by Herbert E. 
Gregory] 

Cretaceous : 
Kaiparowits formation- Feet 

17. Sandstone, general colo1· drub or dark 
brown but unweathered piu·ts are irre·gu
larly speckled dark and light, resembling 
a mixture of pepper and ·salt; numerous 
lenses of sandstone of uneven degrees of 
fineness, of hardened mud, and of sand 
and limestone interi·upt the regularity 
of bedding; some beds contain cavities 
from which gray-green mud lumps have 
been weathered; sand grains are composed 
of quartz, orthoclase, albite, and biotite 
and are held together weakly by calcite 
and gypsum cement____________________ 36 

16. Conglomerate composed of clay lumps, hard 
calcareous bullets, angular pieces of lime
stone and small bits of petrified wood in 
a sandstone matrix; contains impressions 
of plants and broken fossil shells________ 2 

15. Sandstone, brown, calcareous; massive; re
sembles the limy mud walls of present 
valleys; bed extends about 300 feet_____ 15 

14. Sandstone, like No. 11------------------- 20 
13. S~ndstone, like No. 16 ___________ _: _______ ,__ 12 

12. Limestone, brown, hard, sandy------------- 2 
11. Sandstone, brown, drab, and buff, very un-

evenly bedded, heterogeneous composition; 
two sections half a mile apart show dif
ferent arrangement of beds; entire expo-
sure appears as shale slopes that are 
separated by sandstone cliffs 6 to 15 feet 
blgh, but the "shale" thickens and. thins 
and ·in places appears to sweep diagonally 
across horizontal sandstone beds; essen-
tially the outcrop is formed by a series of 
sandstone beds, which continue for a few 
hundred feet to a few miles and are inter
rupted and interspaced with lenses of buff, 
spotted, and brown sandstone, some fri-
able, some. resistant ; includes lenses of 
lumpy clay, of ·sandy limestone, and of 
conglomerate composed of lime balls; ~o 
continuous argillaceous beds were seen ; 
iron-cemented masses t~at resemble loz-
enges, pancakes, and irregular lumps occur 
in many positions, also plant impressions, 
crushed shells, and fragments of bone____ 144 

10. Sandstone, buff and green-yellow, arenaceous 
and calcareous, and mud shale, in irregu
lar beds 1 to 8 feet thick, friable an(!. 
slightly concretionary------------------- 50 

9. Sandstone, brown ; dense, cross-bedded ; re
sistant, with a few lenses of friable sand-
stone---------------------------------- 35 

8. "Shale," compacted mud, and fine sand in 
poorly defined beds 4 to 8 feet thick that 
alternate with beds of friable brown sand
stone 1 to 5 feet thick; contains a thin 
lens of earthy lignite___________________ 30 

7. Sandstone, like No. 9--------'------------- 10 
6. "Shale," like No. 8----------------------- 30 

Cretaceous-Continued. 
Kaiparowits formation-Continued. Feet 

5. Sandstone, like No. 8--------------------- 6 
4. Sandstone, irregularly bedded; contains 

lenses of thinly laminated gray mud with 
patches of impure lignite, otherwise like 

No. 11--------------------------------- 35 
a. Sandstone, brown, resistant to weathering; 

contains lenses of conglomerate composed 
of hardened mud lumps ; forms prominent 
bench---------------------------------- . 6 

2. Sandstone, like No. 1L------------------- 45 
1. Shale, like No. 8------------------------- 16 

Sandstone, buff, firm, massive, cross-bedded, con
sidered top of Wahweap formation. 

495 

The equivalent of the Kaiparowits formation be
neath Table Cliff was described by Howell 27 as 1,200 
to 1,500 feet of "gray oarenaceous (and argillaceous). 
shales containing an elongated form of P hysa, Limea, 
and two species of Viviparus, a· single specimen of 
a small oyster, and some fragments of large bones." 
He assigned these beds to the Tertiary but recognized 
th~ difficulty of correlating them with other Tertiary 
deposits in Utah. 

Fossils collected near Canaan Peak were studied by 
Reeside, who submits the following report : 

Unio sp., internal cast of much elongated species like 
U. danae Meek and Hayden. 

Unio sp., internal cast of· short triangular form like 
U. brachyopisthus White. 

Unio aff. U. neomexicanus Stanton. 
Physa sp., cast of large species like P. reesidei Stanton. 
Viviparus panguitchensis White. 
Viviparus sp., cast of large rounded form like V. leidyi 

Meek and Hayden. 
Vivipnrus or Campeloma sp., small internal casts. 
Campeloma sp. 
Goniobasis subtortuosa Meek and Hayden. 
Goniobasis sp. 

This fauna seems to me to be nearest the fauna of the 
Fruitland formation of New Mexico; it is probably not older 
than middle Montana. 

At a horizon about 150 feet above the base of the Kai
parowits formation, in the northeastern part of sec. 27, T. 
as S., R. 1 E. (unsurveyed) : 

Goniobasis? subtortuosa ·Meek and Hayden. 
Viviparus conradi Meek and Hayden? 
Bulin us subelongatus Meek a"nd Hayden? 
Campeloma sp. 
Viviparus? sp. 

Suggests Judith River fauna or perhaps Fruitland ; fresh
water habitat. 

In the lower part of the Kaiparowits formation in the 
central part of sec. 17, T. 39 S., R. 2 E. (unsurveyed) : 

Unio sp., apparently a smooth oval species suggesting 
U. danae Meek and Hayden. 

Unio sp., apparently a smooth triangular species sug
gesting U. brachyopisthus White. 

srr Howell, E. E., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept., 
vol. 3, p. 271, 1875. 
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.Age undeterminable. These fossils may be as late in age as 
the Fruitland formation of the ·san J.uan Basin, which is upper 
Montana, and are probably not older than middle Montana. 

Fragmentary vertebrate material examined by Prof. 
. R. S. Lull includes the following forms: 

Part of a turtle shell, Baena sp. Range: Judith River 
to Uinta. 

Vertebra of ceratopsian dinosaur, cf. Triceratops sp. 
Large Trachodon-like dinosaur. Distal end of left 

humerus and ar.ticular end of scapula. 
Distal end of right tibia about two-thirds the size of 

Trachodon annectens. 
Ungual, probably Trachodon. 
Two or three unidentifiable bone fragments. 

Dinosaurs probably Lance in age ; turtle not debarred. 

COMBINED SECTIONS 

In addition to the sections describing the character 
of different subdivisions of the Cretaceous which have 
been presented above, measurements of two or more 
of the Cretaceous divisions were made at a number 
of places. For convenience, some of these combined 
sections, which afford a basis for comparison of the 
Cretaceous of the Kaiparowits Plateau with forma
tions of that age in surrounding regions, are presented 
here. A section measured by Moore at the Bitter 
Creek divide, between the Circle Cliffs and the Henry 
Mountains, has been published. 28 

Section ac1·oss Waterpooket Fold at Burr trail, 7 rniles north 
of the mouth of M-uley Twist Greek, east side of Oirole 
Olif{s, Garfield County, Utah 

[Measured by Raymond C. Moore] 
Cretaceous : 

Mancos shale-
Blue Gate sandstone member-

17. Sandstone, yellowish brown, mass,ive; 
forms prominent escarpment that 
terminates in vertical cliff _______ _ 

"Blue Gate shale" of Gilbert-
16. Shale, bluish drab, sandy, very uni

form texture and color, soft, 
weathering in badlands __________ _ 

Tununk sandstone member-
15. Sandstone, white, calcareous, cross

bedded, grading to yellow tlaggy 
sandstone, soft and massive below; 
thin lignite bed 23 feet above base_ 

" Tununk shale " of Gilbert-
14. Shale, dark bluish to greenish drab, 

sandy ; contains selenite crystals ; 
two thin sandstones, 8 inches to 1 
foot thick, dark brown, hard, 
flaggy, separated by 5 feet of shale, 
occur 300 feet below top; near mid
dle part occurs thin soft sandstone 
that contains hard dark-brown con
cretions ; at base lies 6 to 8 feet 
of soft brown calcareous sandstone 
with abundant marine inverte-
brates ___________________________ _ 

Dakota ( ? ) sandstone--
13. Sandstone, light creamy. yellow,· soft, 

n1assive------------------------------

2s Longwell, C. R., and others, op. cit., pp. 21-22. 

Feet 

276 

1,100 

65 

950 

12 

Cretaceous ( ? ) : 
Morrison formation-

12. Shale, light b~uish, with thin ·bands of red, 
sandy, soft __________________________ _ 

11. Sandstone, shale, and conglom-

Jurassic: 

erate-- Feet 
Sandstone, yellowish b r o w n , 

conglomeratic-------------- 5-7 
Shale, bluish drab and red, 

sandy______________________ 20 

Sandstone, reddish brown to 
light greenish, coarse grained, 
massive____________________ 5 

Shale, yellowish brown, sandy_ 15 
Conglomerate and coarse grit, 

reddish and light greenish 
gray, massive, hard, very 
irregularly bedded ; f o r m s 
prominent hogback_.,:________ 80 

San Rafael grou~ 
Summerville and ·Entrada formations-

10. Sandstone, red, thin bedded, soft, 
· partly concealed, and white sand

stone, grading downward to tan
brown, massive, soft, cross-bedded, 
weathering readily, partly con
cealed---------------------------

Carmel formation-

Jurassic(?) : 

9. Shale, light red and greenish, gypsif
erous; contains some beds of hard 
white sandstone and gypsum _____ _ 

8. Shale, maroon and light greenish, 
sandy, capped by hard, dense sili
ceous limestone, massive to flaggy _ 

GlEm Canyon group
Navajo sandstone--

7. Sandstone, light yellow to white, 
medium grained, very m a s s i v e, 
highly cross-bedded ; the bedding 
etched in relief by weathering; 
crops out in high ridge or " reef" ; 
near top is thin coffee-colored sand-
stone ___________________________ _ 

Todilto ( ? ) formation-
6. Sandstone, brick-red ; contains a few 

thin white and light-blue layers and 
lenses, thin bedded, cross-bedded, 
hard and soft ; forms valley between 
Navajo and Wingate escarpments 
occupied by headwaters of Muley 
Twist Creek ____________________ _ 

Wingate sandstone--

Triassic: 

5. Sandstone, red, massive, rather fine 
grained, hard;·prominently jointed; 
crops out as single massive ledge 
that forms sheer cliff ; cross-
bedded __________________________ _ 

Chinle formation-
4. Limestone and calcareous shale, light 

blue, mottled with lavender, in up
per part; sandy shale and sandstone 
in lower part, darker colored, 
brown, purple. and blue _________ _ 

Feet-

230:-. 

126;. 

1, 43(}-

170·· 

1, 260M 

214-

260.• 

475~ 
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'Triassic-Continued. 
Shinarump conglomerate- Feet 

3. Sandstone, light bluish; grades to 
sandy bluish-green shale; does not 
form prominent escarpment_______ 40 

Moenkopi formation-
2. Sandstone and sandy shale, chocolate

brown and light yellow, thin bed-
ded ; thickness in part estimated__ 500 

Permian: 
Kaibab( ?) limestone-

, 1. Limestone, arenaceous, yellow, dolo-
mitic, fine grained, dense ; bottom 
of exposure---------------------- 70+ 

Section at Collett Canyon, beginning with lowest beds near 
motttlr, of canyon ( d'iP 4 o S.) and ewtend'ing 5 miles south 
(dip about 1° S.) 

[Measured by Herbert E. Gregory] 

Cretaceous : 
Straight Cliffs sandstone-

31. Sandstone in fine beds, not studied in 
detail, thicknesses estimated- Ft. Ft. ln. 

Sandstone in beds 2 to 5 feet 
thick, lenticular; contains 
iron concretions; weathers 

red ------------------------ 30 
Sandstone, buff, m a s s i v e, 

slightly cross-bedded; con
tains lenses of conglomerate_ 50 

Sandstone, thin bedded, irregu
larly bedded, and arenaceous 
shale, buff ----------------- 60 

Sandstone, buff, massive______ 40 
Sandstone, thin bedded, and 

arenaceous shale ----------- 40 

30. Sandstone, buff, massive; tine quartz 
grains cemented by iron and lime and 
some gypsum; includes a few lenses 
of thin-bedded tine sandstone, of con
glomerate with pebbles as much as 1 
inch in diameter, and of arenaceous 
shale, with plant impressions and 

220 

carbonized fragments--------------- 83 
29. Coal and shale- Ft. in. 

Shale, drab, argillaceous; 
surface strewn with 
coarse sand grains_____ 10 

Coal, earthy -~----------- 8 
Shale____________________ 1 

Sandstone, buff, imbri-
cated, lenticular________ 2 

Shal~ arenaceous_________ 4 
Coal; contains shale part-

hlgs _________________ ,__ 2 1 

Shale, drab -------------- 4 
Coal, good quality-------- 2 4 
Shale, drab, contains im-

pressions of plants______ 2 
Sandstone, buff; contains 

leaves, stems, and shells_ 1 
Shale, drab______________ 8 
Coal, good quality________ 1 1 

Cretaceous-Continued. 
Straight Cliffs sandstone-Continued. 

29. Coal and shale-Continued. Ft. in. Ft. 
Shale, drab, and thin sand

stone -------------------- 3 
Coni_______________________ 6 
Shale, arenaceous, a n d 

eai·thy coal ; many fossils__ 8 
Shale, drab, argillaceous____ · 10 
Coal, good quality---------- 2 
Shale, drab, argillaceous____ 5 
Coal, good quality---------- 5 1 
Shale, drab ________________ 2 2 

Coal, good quality---------- 4 2 
Shale, drab________________ 6 
Coal, good quality, with a 

few thin shale partings___ 7 

28. Sandstone, buff, massive, cross-bedded; 
near top are strings, disconnected lenses, 

76 

and chunks of black shale arranged in 
capricious manner____________________ 75 

27. Sandstone, buff, in beds 1 to 3 feet 
thick-------------------------------- 15 

26. Shale,· gray-black; consists of hardened 
sandy mud, plant fragments, and earthy 
-coal------~------------------------~-- 8 

25. Sandstone, buff, tl1in bedded; contains a 
few very irregular lenses of blue-black 
shale ; sandstone is cross-bedded and 
shows ripple marks and tracks________ 17 

24. Sandstone, buff, in general mass-ive, essen
tially one bed, but includes lenses of 
thin-bedded sandstone and a few of 
drab shale, and 25 feet from the bottom 
strings of quartzite pebbles half an inch 
or less in diameter extend for several 
hundred feet, also a few lenses of 
coarser gravel; thickness estimated____ 80 

23. Sandstone, buff, in beds 2 to 4 feet thick, 
separated by beds a few inches thick; 
contains few lenses of buff arenaceous 
and calcareous shale and two of blue 
argillaceous shale, many fragmentary 
plant and shell fossils---------------- 22 

22. Shale, blue-black, argillaceous and gypsif
. erous; makes a lens that extends for 
about half a mile ; forms impervious 
bed above which water emerges_______ 13 

21. Sandstone, gray-buff, massive, slightly 
cross-bedded, fine quartz grains, cal
careous cement ; includes a few lenses 
of thin-bedded sandstone and streaks 
of clay shale_______________________ 52 

20. 'Sandstone, gray, in irregular beds 6 

tn. 

5 

8 

6 

7 

inches to 2 feet thick_______________ 8 6 
19. Sandstone, buff-gray, massive_________ 10 
18. Shale, buff, sandy, lenticular; includes 

abundant impressions and fibers of 
plants and three thin lenses of im-
pure coal__________________________ 9 4 

17. Sandstone, brown, imbricated, firmly ce
mented by iron and lime, strongly 
cross-bedded; at high angles rests on 
locally eroded surfaces of No. 16____ 10 7 
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Cretaceous-Continued. 
Straight Cliffs sandstone-Continued. 

16. Sandstone,. gray-buff, medium grained, 
some streaks of fine gravel, massive, 
cross-bedded except for concretionary 
nodules of iron and of lime ________ _ 

Total Straight Cliffs sandstone ___ _ 

Tropic shale-
15. Shale and sandstone ; at base slate-col

ored shale that carries gray sand
stone lenses ; in the middle lenses of 
sandstone and of shale, about equal 
amounts ; at the top sandstone beds 
2 to 4 feet thick, including some 
chunks and stringers of buff argilla
ceous shale ; all beds ·differ widely in 
thickness and composition within 
short distances ____________________ _ 

14. Shale, blue-black, blue-gray, or siate-col
ored, except for two red iron-stained 
beds near the top and two light-gray 
thin calcareous beds near the base · 
mostly thin bedded, uniformly argll~ 
laceous, except for three thin beds of 
fine clean-washed quartz sandstone 

· and the calcareous beds, which range 
from almost pure. limestone to cal., 
careous clay shale ; lime is probably 
present throughout ; even densest 
blue-black specimens effervesce with 
hydrochloric acid; gypsum abundant,. 
especially in the upper half, where it 
appears as crystals of selenite, as 
coating on foliation surfaces and 
joint cracks, and as di~seminated 
grains; many foliation surfaces are 
lumpy, and small concretionary 
masses of lime are irregularly. dis
tributed; where protected by sand
stone caps forms dark cliffs, else
where badland slopes, coated with 
spongy gypsiferous " niarl " ; · meas
ured 320 feet, estim:ated an addi
tional 220 feeL--------,...----~--~---

13. Sandstone, buff, thin-bedded, friable ; 
quartz grains, mostly angular, ce~ 
mented by lime, gypsum~ and iron ; 
at the top a brown lenticular cap. of 
coarse sandstone that includes chert 
pebbles----------------------------~ 

12. Sandstone, buff, shaly, friable, highly 
calcareous; includes 2 feet of coquina 
essentially composed of fragments of 
Ostrea, Ea:ogyra,, and Grypna,ea, ____ _ 

Total Tropic shale_.:. ___________ _ 

11. Shale, buff-gray, or thin-bedded sand-
stones------------------------------

Dakota ( ?) sandstone: 
10. Sandstone, buff, many angular quartz 

grains ; at the top partly carboni~ed 
plant ·fragments form a layer 1 foot 
thick _____________________________ _ 

9: Shale, gray-black, uneven, lenticular __ _ 

Ft. in. 

19 10 

721 3 

25 

540 

18 10 

6 

589 10 

8 4 

3 
6 9 

Cretaceous-Continued. 
Dakota ( ?) sandstone-Continued. 

8. Coal, earthy, upper 8 inches of good 
quality----------------------------- · 

7. Shale or shaly sandstone, gray, lenticu-lar ________________________________ _ 

6. Sandstone and conglomerate, gray-yel
low, cross-bedded, in lenses that differ 
widely in thickness, extent, and tex
ture; pebbles in conglomerate chiefly 
quartzite, chert, and hardened green 
clay; most pebbles angular and have 
smoothly worn surfaces; average long 
diameter of pebbles about 1 inch ; 
about 10 per cent exceed 4 inches, and 

Ft. ln. 

2 8 

8 

a few 6 in.ches--------------------- 5 
Cretaceous ( ? ) : 

Morrison formation-
5; Shale, ·purplish, unevenly bedded; in

cludes three lenticular beds, each 
about 2 feet thick, of very resistant 
green sandstone; foliation surfaces 
lumpy, sun dried-------------------- 18 8 

4. Sandstone, gray-yellow, cross-bedded ; 
contains a few lenses of conglomerate 
and scattered pebbles ; much like 
No. 6-------·----------------------- 10 

3. Shale, gray-green and red, argillaceous 
and arenaceous--------------------- 5 4 

2. Sandstone (60 per cent), coarse, len
ticular, cross-bedded, and conglomer
ate (40 per cent) composed of angu
lar and subangular pebbles 3 inches 
or less in diameter ; pebbles occur also 
in strings and as individuals in the 
sandstone.";. contains iron concretions ; 
pebbles are of gray, white, yellow, 
brown, and red quartz, some attrac
tively translucent; gray, red, mottled, 

· and banded quartzite; gray and black 
chert ; sandstone ; green compact clay 
fragments; granite(?); rhyolite(?) ; 
all hard ; forms resistant cap for 
No. 1, above which it is unevenly 
laid ____________________________ .:.___ 45 

1.· Sandstone, buff-gray to green-gray, soft, 
crumbly, very unevenly deposited, in 
part cross-bedded ; beds 0.1 inch to 4 
feet, many fiat and stub-ended lenses 
of coarse sandst'one with pebbles of 
quartzite and chert; strings of pebbles 
and isolated pebbles in sandstone ; 
lenses, single balls, and aggregates 
of green compact clay lumps are 
conspicuous ; resembles heterogeneous 
material deposited by present streams 
in near-by wash ; coarser material at 
toP-------------------------------- 32 

Unconformity. · 
Shales, red and green ; base not exposed_______ 20+ 

1,447 

Fossils from the drab shale that contains impres
sions o£ plants and the arenaceous shale and coal in 
the coal-bearing portion o£ this section (bed 29) were 
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determined by Reeside as M odiol{[) lOJ.ticostata White, 
.A. natina n. sp., 0 orbuilOJ. subtrigonalis Meek, Melania 
insculp·ta Meek, .A.m(JIWropsis n. sp., Mytil!usf sp.
" species which occur abundantly in the Mesaverde of 
Book Cliffs" (upper Montana). From bed 23 Ino
ce'ramJUs erectus Meek, Ostrea sp. undet., Oardiwm 
cu1,twn Meek and Hayden, Oallista sp. undet., Siliqua 
sp., Oorbula nem(J)t()phO'JYJ; Meek, Gyrodes depressus 
M"eek, and Volutode1,'11W aff. V. arn..bigu{[) Stanton were 
collected-" species whose affinities are with those of 
the Colorado group and which characterize ·a zone now 
believed to be the upper part of the Colorado group, 
* * * considerably ·older than the Mesa verde of the 
Book Cliffs region or than the typical Mesaverde of 
the San Juan region." In response to queries con
cerning some of these fossils and their stratigraphic 
significance, :Mr. Reeside subsequently reexamined the 
collections and reports : 

I find that in some manner some mixing of lots ·appears to 
have occurred, and one lot from Collett Creek had in it two 
very different lithologic facies-(1) a light-gray fine-grained. 
sandstone containing a fauna of the same age as that of your 
Strnight Cliffs sandstone but with more marine species; (2) 
a chocolate-colored sandy shale or very fine-grained sandstone 
with fossils that I identified as MytilU8f sp., ModiolQ; laticosta 
White, Anatina n. sp., Oorb'ltla sttbtrigonalis Meek and Hay
den, llfeZmvia insculpta Meek, and A.ma.'ltropsi8 n. sp. This list 
is supported by a second lot from Collett Canyon, with ~dentical 
lithology and without any suspicion of mixture. Now this list, 
on the face of it, is a good Book Cliffs-Mesaverde assemblage. 
Yet it may not mean all that it seems to mean. The Mytilus, 
A.natina, and A.mau1·opsis may be dropped out of consideration. 
The OorbttZa I find bas been recorded before (with question) 
from a Colorado horizon. The Modiola and MelaniQ; seem to 
be good identifications, and I have no previous record of their 
presence in pre-Montana beds. Nevertheless, "if there is good 
reason to believe that the stratigraphic position is the same as 
that of the lots with Ost1·ea 8ol'erlliscU8, Moctiola multilinigera 
and A.nom,ia p1·01Jator•is, I would prefer to say that the species 
listed at Collett Creek are longer ranging than bas been 
hitherto supposed and that the beds belong together. Brackish 
and fresh water species do seem, for some reason, to have 
exceptionally long ranges, or perhaps it is better to say that 
vecy similar species seem to occur at quite different horizons. 

SeoticYn of Cretaceo,us strata at head ot Rock .Creek, eastern 
Kane Oounty, Utah 

[Measured by Raymond C. Moore] 

Straight Cliffs sandstone: 
7. Sandstone, yellow, fine to medium gra.ined, very 

F'eet 

massive, in irregular thick ledges ___________ 1, 050 

6. Sandstone, yellowish drab, shaly in upper part, 
massive in middle part and near base______ 200 

Tropic shale : 
5. Shale, bluish drab, clayey, soft; weathers in 

slope, fossils in lower part_ ______________ :__ 610 

4. Sandstone, yellowish brown, massive, forms 
rim, very fossiliferous, contains Gryphaeas, 
oysters, and other forms ___________ _:_________ 5-6 

Dakota ( ? ) sandstone : Feet 
3. Bone and very black carbonaceous shale ; con-

tains one or two very thin streaks of coaL__ 9% 
2. Sandstone, gray to nearly white, with yellowish 

to greenish cast, massive, soft ; grades down
ward into sandy shale, banded purple and 
gray ; harder sandstone in beds 6 inches to 2 
feet thick; reddish at base. 

1. Sandstone, massive; forms vertical cliff, red
dish brown .at outcrop (stained from wash 
:1.bove), gra~, more or less conglomeratic; 
thickness not measu~·ed. 

CORRELATION 

1, 874+ 

As indicated by the use of local names in describ
ing the divisions of the Cretaceous in the Kaiparowits 
region, correlation with adjacent areas of described· 
Cretaceous rocks can not be made ~ith assurance. 
A comparison with standard sections in southwestern 
Colorado, in northwestern New Mexico, and in. the 
Book Cliffs and the 1'Vasatch Plateau in central-eastern 
Utah shows that the Cretaceous beds of southern and 
southwestern Utah were deposited much nearer the 
oscillating shore line of a basin of deposition than 
those so broadly distributed to the east and north. 
Accordingly notable differences may be expected be
tween the deposits of this near-shore zone and those 
farther out in the basin. The Cretaceous in the Kai
parowits Plateau consists dominantly of sandstone and 
has approximately half the thickness of the Cretaceous 
in the Wasatch Plateau, where the rocks of this age, 
as also in regions farther north and east, consist domi
nantly of dark bluish-drab shale, so well exemplified 
by the Mancos shale. · 

Careful study of the Cretaceous in many widely 
separated areas has shown that the sandy divisions 
are by no means restricted to definite zones with equiv
alent time values. Where a sandstone has been 
traced laterally it not only differs i~ thickness from 
place to place by scores or hundreds of feet, but 
parts of it intergrade and intertongue with the con
tiguous shale, and in many places the whole sand 
body wedges out to nothing. It many places marine 
fossils are abundant; elsewhere they are rare or are 
not diagnostic. These assemblages of invertebrate 
forms indicate the· presence of 1nuddy sea bottoms and 
sandy sea bottoms and show repeated changes later
ally and vertically from marine to brackish and fresh
water sedim~nts. Because of these conditions the 
correlation of the sand bodies in the Cretaceous pre-
sents many di~culties. ' 

Plate 5 prese~ts typical sections of the Cretaceous in 
adjacent areas for comparison with the Cretaceous 
sections of the Kaiparowits region. This comparison 
shows that even the. Cretaceous rocks of the exposures 
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. nearest to the Kaiparowits region are in many respects 
strikingly different. Thus in the Straight Cliffs there 
is less than 1 ,000 feet of shale, and approximately 
three-fourths of the Cretaceous section consists of 
sandstone. But in the Henry Mountains, only a little 
over 25 miles distant, there is nearly 3,000 feet of shale, 
and the interbedded sandstones constitute only a minor 
part of the Cretaceous. 

As shown by Richardson 29 equally great differences 
mark the Cretaceous of the Virgin River region. 

The fossils obtained from the Tropic and Straight 
Cliffs formations show that these divisions are of Colo
rado age and represent a large part of Mancos time. 
The overlying W ahweap sandstone has yielded no 
satisfactorily determinable fossil evidence, but on 
account of its position beneath the Kaiparowits forma
tion, of very late 1\tiontana age, it probably corresponds 
to the lower part of the Montana group of other locali
ties. It is also possible that the Wahweap represents a 
continuation of sandy deposition in Colorado time. 
The Kaiparowits forma~ion obviously b~longs to a very 
late part of the Upper Cretaceous, and as indicated by 
its vertebrate and invertebrate fossil remains it appears 
to correspond to the Fruitland formation of the San 
Juan region. 80 

As there are two main scarp-making sandstones in 
the Henry Mountains area, the Masuk sandstone above 
and the Blue Gate sandstone below, it is natural to 
regard the1n as equivalent to the two main scarp
making sandstones of the Kaiparowits Plateau, the 
Wahweap above and the Straight Cliffs below. (See 
pl. 18.) The Tununk sandstone of the Henry Moun-· 
tains section is relatively less noteworthy, but with 
moderate certainty it represents the attenuated part 
of the Ferron sandstone. of areas farther north, even 
though the Ferron attains a thickness of 800 feet. 
The Tununk sandstone is underlain by· 1,000 feet of 
shale, which corresponds to a part of the Tropic shale. 
The upper part of the Tropic shale is represented in 
the Henry Mountains by the Tununk sandstone and 
possibly a small part of the "Blue Gate shale." The 
upper 400 feet of the "Blue Gate shale" yjelds a fauna 
of 'l'elegraph Creek (early Montana) age and is there
fore distinctly younger than the Straight Cliffs sand
stone, from which Niobrara fossils· are obtained. It 
follows that the Straight Cliffs sandstone in the Kai
parowits Plateau matches no sandstone in the Henry 
Mountains but corresponds to the lower part of the 
"Blue .Gate shale." The Blue Gate sandstone is of 
lower Montana age. The stratigraphic position and 

20 Richardson, G. B., The Upper Cretaceous section in the Colorado 
Plateau, southwestern Utah: Washington Acad. Sci. Jour., vol. 17, pp. 
464-475, 1927. 

so Reeside, J. B., jr., Upper Cretaceous a:pd Tertiary formations of 
the western part of the San Juan Basin, Colo. and N. Mex.: U. S. 
Geol. Survey Prof. Paper 134, p. 24, 1924. 

apparent general correspondence of the Henry Moun
tains section with that of the Wasatch Plateau led 
Spieker and Reeside 31 tentatively to correlate the Blue 
Gate sandstone with the massive Emery sandstone, 
which occurs about 1,100 feet above the top of the 
Ferron sandstone and, like the Blue Gate sandstone, is 
separated by a shale interval from the Upper Cre
taceous Mesaverde formation, which in the Wasatch 
Plateau is ~xtensively ·coal bearing. The Emery sand~ 
stone contains Montana fossils. 32 

Although definite evidence is not available, it is very 
probable that the Masuk sandstone belongs to the 
Mesaverde formation, and it is·so classified in reports 
on areas to the east and north. The shale beneath 'the 
sandstone is very sandy in the Henry Mountains, and 
there is an almost imperceptible gradation from the 
shale into the sandstone. In general lithologic char
acter and thickness the Wahweap sandstone suggests 
equivalence to the shale and sandstone above the Blue 
Gate sandstone of the· Henry Mountains. The shale 
in the Wahweap is more sandy than the "Masuk 
shale " of the Henry Mountains and contains numerous 
sandstone beds. Definitive fossils have not been found 
in· the W ahweap, and its correlation is thus somewhat 
uncertain. Because the formation immediately fol
lows the upper Colorado Straight Cliffs sandstone it 
probably belongs in the lower part of the Montana 
group and accordingly should. be approximately cor
relative with the upper part of the" Blue Gate shale" 
and probably the Blue Gate sandstone. On this 
interpretation no strata that correspond to the 
"Masuk shale" and Masuk sandstone appear to be 
present in the,Kaiparowits Plateau. Evidence of un
conformities at the base and .top of the Wahweap 
make this correlation, which is shown in Figure 6, less 

· certain than for other parts of the section. 
According to fossil evidence the Kaiparowits forma

tion appears to correspond to the Fruitland formation 
of the San Juan Basin and evidently belongs very late 
in the Montana. 

In two recent papers Spieker and Reeside 33 have 
recorded existing knowledge of the age and correla
tion of the Cretaceous formations of Utah. With 
particular reference to the Kaiparowits region Mr. 
· Reeside has kindly written the following notes : 

An examination of some collections made by Spieker on the 
western side of the Wasatch Plateau, near Manti, shows that 
they supplement the collections that he and I made. last year 
in Salina Canyon in such fashion as to give us an interesting 

1!1 Spieker, E. M., and Reeside, J. B., jr., Cretaceous and Tertiary 
formations of the Wasatch Plateau, Utah: Geol. Soc. America Bull., 
vol. 36, p. 439, 1925. 

a2 Idem, p. 439. 
as Spieker, E. M., and Reeside, J. B., jr., Cretaceous and Tertiary 

formations of the Wasatch Plateau, Utah: Geol. Soc. America Bull., 
vol. 36, pp. 435-454, 1925 ; Upper Cretaceous shore lines in Utah : 
Idem, vol. 37, pp. '429-438, 1926. 
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S\lggestion of the relations between the section in that region, 
the Coalville section to the north, and the Kaiparowits and 
Colob sections to the south. 1Dnch region has a basal unit of 
snndstone and conglomerate that eontnins the same pre-Car
lile fauna, including coal near Coalville, in the Golob, and in 
the Knipnrowits. Above this basal unit in each region lies a 
marine shale with a fauna of Carlile age, and next in each a 
unit of sandstone and shale with a fauna of late Colorado 
(Niobrara) age, partly marine and partly brackish water. In 
the Golob the next higher unit is the fresh-water unit with 
the Fruitland-like fnuna. It begins with a conglomerate. In 
the other regions the zone with this Fruitland-like fauna is 

Faunal 
types 

Southwestern Coalville, 
Wyoming Utah· 

Mant1, 
Utah 

Salina, 
Utah 

members) of the fastern Wasatch Plateau, the unit of sand
stoue and shale above the marine shale of the western 
Wasatch Plateau and Coalville, the similar unit above the 
marine shale in the Colob region, and the Straight Cliffs 
sandstone in the Kaiparowits Plateau contain a late Colorado 
(Niobrara) fauna. We have not found this fauna in the 
Henry Mountains area, but it must certainly come in the 
lower part of the " Blue Gate shale." The beds immediately 
above this zone of Niobrara age have yielded few or no 
paleontologic data in the western Wasatch Plateau (where 
they form a series of conglomerate, sandstone, etc.) and in 
the Kaiparowits area, and their equivalent is apparently miss-

ColobPlateau Kaiparowits 
Utah Plateau, 

East. West Utah 

Henry 
Mountains, 

Utah 

San Juan EasternWasatd 
Basin, Plateau, 

Colorado, Utah 
New Mexico South North 
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-o 800' shale glomerate 600+ 660' _ o'? sandstone :J shale'' 

~e~~~i>oN Absent 
ANIMAS 
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FIGUlUil 6.-Correlatlon of Cretaceous formations and distribution of faunas in Utah and adjacent regions 

separated from the zone· with the Niobrara fauna by other 
beds, which are probably of Montana age. I would not insist 
rigidly on these correlations or claim absolute equivalence of 
the units cited, but the similarities in the sections are much 
more striking than the differences. 

~rhe lower Mancos (pre-Ferron) of the eastern Wasatch 
Plnteau, the basal part (sandstone and conglomerate) of the 
Colorado group of the western Wasatch Plateau and Coalville, 
the basal part of the Golob section, the " Tununk shale " of 
the Henry Mountains, and the lower part of the Tropic shale 
in the Kaiparowits region contain the same fauna-a pre
Carlile assemblage--and are nearly of the same age. The 
lrerron sandstone of the eastern Wasatch Plateau, the marine 
shale unit of the western Wasatch Plateau and Coalville, 
the marine shale of the Golob region, the Tununk sandstone 
of the Henry Mountains, and the upper part of the Tropic 
shale of the Kaiparowits reg.ion contain a Carlile fauna. 
1'he middle Mancos (between Ferron and Emery sandstone 

ing in the Colob region. In the easte~n ·wasatch Plateau the 
Emery sandstone contains a basal Montana fauna, as does 
also the upper part of the " Blue Gate shale." I would expect 
to find it also in the Blue Gate sandstone and believe that 
this sandstone and the Emery are more or less equivalent. 
It seems likely also that some part of the Wahweap sand
stone would belong here. The Wahweap would also seem. 
to include an equivalent of the "Masuk shale" and the 
M:asuk sandstone of the Henry Mountains and some part 
of the late Mancos and early Mesaverde of the eastern Wa
satch Plateau. The Kaiparow,its formation seems to find 
its equivalent in the highest beds under the Wasatch forma
tion of the Golob region, the highest beds of the western 
Wasatrh Plateau and Coalville region, and the higher Mesa
verde of the eastern Wasatch Plateau (Price River forma
tion). 

The Evanston region in southwestern Wyoming may also 
be compared with 'the areas cited above, as shown ,in Figure 6. 

• \. ; ,. I 
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TERTIARY ROCKS 

WASATCH FORMATION (EOCENE) 

DISTRIDUTION AND TOPOGRAPHIC EXPRESSION 

Beds of early Tertiary (Eocene) age are continu
ously displayed in the magnificent escarpments that 
border the Paunsaugunt, Table Cliff, and Aquarius 
Plateaus. They appear also in the broken slopes of 
Canaan Mountain, an outlier of the Table Cliff Pla
teau. For many miles around the heads of the Paria 
&nd Escalante Valleys .they stand as an ·upper tier of a 
great· amphitheater-a broken wall composed of square
fluted columns of high proportions. From below the 
Table Cliff Plateau they are seen to consist of a mass 
of limestone 1,000 feet thick with flat top and vertical 
sides resting on a sloping dull-colored base. It is sur
prising to find so enormous a block so symmetrically 
carved and so delicately colored, .but similar large
scale erosion features occur wherever these limestones 
are exposed---all about the Paunsaugunt Plat~au, in 
the walls of the Aquarius Plateau, and at Canaan· 
Peak. Detailed erosion. features· are likewise striking 
and unusual. The maze o£ columns, pinnacles, and 
tables splashed with. color that makes Bryce Canyon 
attractive is repeated many times in the eroded walls 
of the southern High Plateaus. (See pl. 15.) All 
the Tertiary beds that are recognized in this region 
are now assigned to the Wasatch formation. 

PREVIOUS STUDIES 

Dutton 3~ describes the Paunsaugunt as a '.'tabular 
block of lower Eocene beds, .exceedingly simple in 
its structure," which aside from its " marvelous color 
and sculptural forms presents little matter for special 
remark." He mapped the top of the Paunsaugunt 
and also that of the Aquarius and Table Cliff Plateaus 
and of Canaan Peak (Kaiparowits Peak) as lime
stone of Tertiary age, here and there overlain by 
lava. In Dutton's view "the Tertiary system of the 
plateau c~untry is lacustrine throughout, -\vith the. ex
ception of ~ few layers near. the base of the system 
which have yielded estuarine fossils." From ::t maxi
mum thickness of more than 8,000 feet in. the vicinity 
of the Wasatch and Uinta Mountains " the deposits 
originally laid down in an enormous Eocene lake, 
which must have had an area more than twice that of 
Lake Superior and may even have exceeded that of 
the .five great Canadian lakes combined," decreased in 
thickness southeastward and southwestward to shore 
lines in New Mexico and Nevada. 

Dutton noted that the Eocene beds o£ the southern 
plateaus, Markagunt and P.aunsaugunt, were t.o be 

u Dutton, C. E., Report on the geology of tbe Higb Plateaus of 
Utah, pp. 12, 251-256, 292, 297-29S, 158-159, U. S. Geog. and Geol. 
Survey Rocky Mtn. Region, 1880. 

correlated with the·" Bitter Creek group " of Powen,a~ 
but that these southern plateaus included only part of 
the series exposed in the Uinta Mountains. The com
position and thickness of the component members of 
the "southern Bitter Creek" were recognized by 
Dutton as shown below : 

Feet 
Upper white limestone and calcareous marl (summit of 

series) -------------------------------------------- 300 
Pink calcareous sandstone---------------------------- 800 
Pin~ conglomerate (base of the series)---------------- 550 

1,650 

The Pink Cliffs • • * are exposures of tlie fine-grained 
calcareous sandstone forming the middle member of the 
Bitter Creek. 

The following generalized section he considered 
representative of the Tertiary sediments in the cliffs 
of " the eastern and southern margins " of the Paun
~augunt Plateau : 

Feet 

Gray calcareous sandstone---------------------------- 180 
White limestone-------------------------------------- 160 · 
Red marly limestone and calcareous shale____________ 300 
Red pinkish liJ:nestone-------------------;------------ 450 
Conglomerate, with small pebbles of gravelly sandstone_ 190 

1,280 

During his reconnaissance o:f 1872 Howell 36 exam
ined the Tertiary at Last Bluff (Table Cliff Plateau). 
His published section, " measured in part and in 
part estimated," is quoted below : 

Feet 
4. White to gray fresh-water limestone, contain-

ing Heli{]) and PhyBa brid.gerenBiB-----·------ 500 
3. Pink fresh-water limestone with bands of blue 

toward the base, containing Physa ______ ...,___ 850 
2. Purple and light-colored marls with conglomer-

ate toward the base________________________ 300-600 
1. Gray arenaceous and argillaceous shales, con

taining an elongated form of Physa. [In the 
lower part] Limea and two species of 
Vi'Vipmru.s, a single specimen of ,a small 
oyster, were seen, and some fragments of 
large bones-----------------~-------------- 1,200-1,500 

Total thickness of Tertiary beds ______ 2, 850-3, 450 

As treated in -the present report subdivisions Nos. 
2, 3, and 4 o£ Howell's section ·are Tertiary; subdivi
sion No. 1 is Cretaceous. · 

Howell remarks 87 that the Tertiary beds " to the 
north * * * are mostly soft calcareous shale and 
marls" and that "southward there is an increase in 
the limestone, and at the most southeastern exposure, 
the Last Bluff, there are over 1,200 feet of more or 
less compact limestone." 

a5 Powell, J. W., Report on the geology of the eastern portions of the 
Uinta Mountains, p. 162, U. S. Geol. and Geog. Survey !:'err., 1876. 

so Howell, E. E., op. cit., 'pp. 270-271. 
87 Idem, p. 266. 
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S'l'UA'riOHAl"HIC AND LITHOLOGIC FEATUHES 

Sections of Tertiary beds, here classed as W a_satch 
formation, were measured at a number of places. In 
a broad sense the three subdivisions outlined by Dutton 
and !-lowell may be recognized, but the features of the 
members are not persistent, and the thickness of the 
individual beds and of the entire series differs widely 
from place to place. At the south point of the Paun
sau()'unt Plateau the vVasatch measures 735 feet, at 
Bry~e Canyon aJ:>out 1,300 feet, and at Table Cliff about 
1,500 feet. At Canaari Peak only about 300 feet 
remains. Where it is not protected by lava the upper 
beds are much reduced by erosion. No two exposures 
are alike in arranO'ement of beds and resistance to . b 

erosion. Variation in color, composition, texture, and 
structure is characteristic. Common features include 
prominent, narrowly spaced vertical joint~; irregula~ly · 
placed lenses of relatively resistant matei~Ials that give 
the appearance of cross-bed~ing; brecciated masses; 
dense masses of · limestone embedded in calcareous 
shale · and strin O'S of conglomerate. (See pl. 15.) At 

' b • 
~ll places t~e color of the unweathered ~ock is w~nte or 
pale pink, but on weathering a strong p1nk tone IS pro
duced, giving at a distance the remarkable appearance 
that has made these exposures fan10us. To the observ
in()' Piute, they are Unt-saw-ar Mu-kwan-kuut--" the 

o . "I 1 h hi O'h stan din 0' rocks that shine. n genera eac b b 

series of beds in the southern Utah Wasatch has a top 
of white limestone, lumpy, slightly brecciated, and 
dotted with cavities lined with calcite crystals. At 
Canaan Peak this cap bed includes smooth egg-shaped 
pebbles of limestone and scattered grains of basaltic 
ash. At each exposure, but in different stratigraphic 
positions, stand beds 10 to 30 feet thick of dense faintly 
pink limestone that makes a solid wall100 to 300 .feet 
high in which occur lenses of firm, dense gray lime
stone 2 to 6 feet thick and 10 to 100 feet long. Also 
at each exposure a series of shalelike limestones that 
have a total thickness of as much· as 150 feet appear 
ar:; evenly bedded silts mottled with dark-red, pink, and 
white blotches. · . 

At the base of the Wasatch section lies a conglom
erate quite unlike any other .stratum in southeastern 
Utah. It consists of unusually well-rounded and 
smoothed pebbles of pink, gr~y, white, and red quartz
ite some minutely banded and cross-bedded, black 
ch~rt, rhyolite, porphyry, and many kinds of dense 
igneous rocks. About 50 per cent of the pebbles exceed 
4 inches in diameter; a few exceed 10 inches. Because 
of concealing talus this conglomerate bed was seen in 
position only on the west slope of the Paunsaug~nt 
Plateau, where it consists of 6 feet of quartz, quartzite, 
and rhyolite. pebbles arranged in overlapping lenses 
and held to()'ether with calcareous cement. Lime shale 
covers its ~neven surface, and its base is plastered 

on the irreO'ularly eroded friable drab sandstone of the 
J(aiparowits formation. Doubtless because of its weak 
cement this conglomerate is not a cliff maker. Its 
characteristic boulders and pebbles cover the slopes at 
the base of lin1estone cliffs. To judge fron1 this debris, 
the thickness and ·coarseness of the conglomerate differ 
considerably in different places. 

The source of the igneous and metamorphic pebbles 
that make up this conglomerate is unknown. Their 
distribution in the J(aiparowits region suggests the 
presence of a land mass in central Utah that was .ex
posed and eroded during very late Cretaceous time 
and then buried during vV asatch time. At places the 
pebbles are few or are represented by fine gravel; else- . 
where the slopes are so coated with loose boulders as 
to n1ake travel difficult, and the banks of the Lit~le 
River, near its head in Canaan Peak, are composed of 
boulders that are piled to heights of 20 to 40 feet. 
Many miles. farther south along the Paria River and 
'Vahweap Creek pebbles from this bed are seen, and 
they are readily recognized in the gravel beds of the 
Escalante Valley. 

At the divide between the Escalante and Sevier 
Rivers the lowermost Wasatch beds consist of a basal 
congl~merate that is composed chiefly of pebbles of 
quartzite, 2 to 6 inches in diameter, embedded i~ a 
matrix of sandy lime; pink limestone interbedded. w1th 
white calcareous sandstone; and a massive bed of· ... 
white limestone exceeding 100 feet in thickness. Fos
sils in the dull-colored friable sandstone beds below the 
con()'lomerate are those that are characteristic of the b 

Kaiparowits formation. The vVasatch beds at "the 
dump" near the ·head of the Paria are eroded into 
tapering pillars and irregular columns that are crossed 
by broad bands of _pink and cream-yellow. The 
material is chiefly limestone but includes a lens of 
conglon1erate and thin beds of calcareous sandstone 
whose surfaces are. covered with plant impressions. 

Fossils are distributed sporadically throughout the 
dense and the brecciated limestone, but none were 
found in the shalelike beds. They occur chiefly in 
lenses and irregular masses of crushed or worn bits 
of shells or as shell- forms filled in. with calcite. ·An 
extended search resulted in finding only imperfect 
specimens, among which Dall 88 recognized "Physa 
pleuromatis, probably Physa bridgerensis, and a small 
discoid shell which may be a V alvata or possibly a 
Planor'bis." He states: "There is little doubt of the 
Eocene character of the deposit." 

At few places on the Pau.nsa:ugunt Plateau and 
Table Cliff does the thickness of the limestone exceed 
500 feet, and at Canaan Peak it is about 200 feet. 
So far as known the beds that cap the southeastern 
extensions of the High Plateaus are of approximately 

as Dnll, W. H.; personal communication. 
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the same age as those farther no·rth and northeast, 
and they are therefore all referred to the Wasatch. 
The difference in thickness is possibly the result of 
surface erosion and of the relief of the underlying 
Cretaceous beds, but the lowest beds are not lithologic 
equivalents, and the great differences in sequence, in 
composition, and in the proportionate amounts of lime
stone, shale, sandstone, and lignite make it possible 
that the Tertiary strata of Utah were deposited in 
several basins with here and there overlapping rims. 
It seems unnecessary to follow Dutton in assuming 
that such widely separated and unlike sediments as 
the carbonaceous shale and sandstone of the Price 
River, the dense pure limestone of Table Cliff, and 
the quartz sandstone and clay shale of Chuska Moun
tain in the Navajo country were laid down· contem
poraneously in a single large depression. 

UNCONFORMITY AT BASE OF EOCENE 

The well-known unconformity at the base of the 
Eocene beds in northern and central Utah has been 
traced to the Kaiparowits region along the face of 
the Paunsaugunt, Table Cliff, and Aquarius Plateaus. 
In places the beds above and below are parallel, and 
their separation is marked only by accumulations of 
gravel and by abrupt change from dull-colored ma
rine shale and sandstone to pink or white fresh-water 

'limestone. Elsewhere the unconformity is a mature 
surface of erosion that is developed indiscriminately 
on flat-lying, tilted, and folded strata of different age 
and different con1position. At Canaan Peak the Eo
cene beds horizontally overlie the upturned strata 
of the East Kaibab fold, in which the youngest Cre
taceous sediments are involved. Northward along the 
Aquarius Plateau the Eocene rests on progressively 
lower subdivisions of the Cretaceous and truncates the 

Dakota ( ~) and San Rafael beds that are upturned 
in the Pine Creek fold. Between Sand Creek and 
Boulder Creek only the lowest beds of the San Rafael 
group remain, and on the west flank of the Water
pocket Fold the Eocene rests on the Navajo sandstone. 
During the time interval thus indicated more than 
5,000 feet of sediments were locally removed. 

QUATERNARY DEPOSITS 

The sediments in the l{aiparowits region that date 
from Quaternary time are chiefly alluvial depqsits in 
valleys, on slopes, and on top of the higher plateaus. 
The accumulations of eolian sand are small and lo
calized (p. 145), and incipient glaciation on the Paun
saugunt and Aquarius Plateaus has left only scattered 
boulders and inconspicuous remains. Swamp deposits 
appear along the northern headwaters of the Escalante 
River and about the glacial lakes on the Aquarius 
Plateau. During the last half century the alluvial 
fill of many valleys has been scoured out by the 
streams. 

IGNEOUS ROCKS 

Unlike other large parts of the plateau province, the 
l{aiparowits region is remarkably free from igneous 
rocks. No deep-seated masses, no dikes, and no vol
canic cones have been found. The only products of 
igneous activity are lava flows on the Table Cliff and 
Paunsaugunt Plateaus-remnant outliers of much 
greater flows on the Markagunt and Aquarius Pla
teaus. As described by Dutton 89 these lavas are basalt 
and were erupted from widely distributed vents at dif
ferent periods during Tertiary and more recent times. 
A flow in Johnson Canyon overlies alluvial deposits 
and has interfered with the course of the stream. 

89 Dutton, C. E., Geology of the High Plateaus of Utah, pp. 197-203, 
295, U. S. Geog. and Geol. Survey Rocky Mtn. Region, 1880. 



CHAPTER 3. STRUCTURE 

HISTORICAL SKETCH 

On his memorable voyage down the Colorado 
Powell 1 noted the broad foJd crossed by the river 
nbove the mouth of Trachyte Creek. He describes a 
monoclinal fold in Glen Cnnyon a few miles below the · 
mouth of the San Juan as follows: 

A few miles below the mouth of the San Juan River we come 
to an interesting monoclinal fold, where the dip of the rocks is 
in n direction n little north of enst-thnt is, the beds are 
dropped down on the eastern side of the line, which trends 
nearly north nnd south, not broken off and dropped down but 
flexed, or bent, so that the beds on the western side of the line 
nt·c found nt nn nltitude many hundreds of feet above those 
on the east, nnd farther down the river the rocks exposed at 
the water edge nre of greater age than those above. 

The Echo monocline was also observed : 

At the foot of this [Glen] canyon another monoclinal fold is 
seen, with the throw, or drop, also on the east side, or the up
lift, if one is so pleased to term it, on the west side; and this 
brings up again Carboniferous sandstones and limestones. 

A. I-I. Thompson 2 described the W aterpocket mono
dine as a "cliff forming the rim of Escalante Basin" 
and said of the Escalante monocline: "At the end of 
20 miles th.is canyon valley was abruptly ended by a 
line of .cliffs thnt stood directly across its course." 
A reconnaissance by Howell 8 along the east base of the 
Table Cliff and Aquarius Plateaus included a brief 
study of the mnjor structural features. The East l(ai
bab fold was traced northward from l(aibab Plateau. 

It was last seen a few miles to the east of Last Bluff 
(Table Cliff Plateau) and evidently does not extend much 
farther in that direction. Its drop at Paria is not far from 
8,500 feet. • • * Between the Last Bluff and the Henry 
Mountains the rocks are folded and thrown into waves on a 
greater scale than elsewhere seen. 

The uplift that underlies the Henry Mountains and 
its continuation northward into the San Rafael Swell 
is shown in section, and the W aterpocket flexure is 
described as two folds. He says : 

The eastern fold, A, trends south-southeast, keeping an ap
proximately straight course for 100 miles to the Colorado 
River and Navnjo Mountain. • • • The fold B (about 12 
miles west of fold A) approaches the fold A in one place 
so closely thnt the two form a per~ect anticlinal. It spreads 

1 rowcll, J. W., Exploration of the Colorado River of the West and 
Jts tt·lbutat·ics, pp. 177, 178, 1875. 

~ Iclcm, pp. 137, 140. 
8 Howell, E. E., U. S. Geog. and Geol. Surveys W. 100tb Mer. Rept., 

VOl. 3, pp. 291-295, 1875. 

out rapidly again to the southward and won afterward flat
tens out and disappears. 

From a point on the south end of t.he Aquarius Pla
teau a third anticlinal fold about 16 miles west of fold 
B was noted. Between the mouth of Birch Creek 
and Last Bluff (Table Cliff Plateau) Howell records 
two other folds, as follows : 

The first of these, D, is a monoclinul, with a throw of a 
few hundred feet only to the west. From this fold the beds 
rise at an angle of from 2° to 4° to the west-southwest, until 
the point JJJ is reached, when they dip suddenly to the west 
again, at an angle as high in some places as 30°. After drop
ping about 1,500 feet they assume a nearly horizontal position 
and apparently continue to the Last Bluff with no further 
disturbance. These folds are both inonoclinals • • • and 
were traced for 20 or 30 miles. 

Fold D, or perhaps folds D and E combined, is 
the Escalante monocline, but the locations and dimen
sions given are too generalized to follow with assur
ance in the field. Howell mentions also the " Paria '' 
{Echo monocline) and "Eastern l(aibab" folds 
·which were measured "just a little south of thei: 
point of intersection, where the combined throw of 
the two folds is abo:ut 4,000 feet." But his section 
·which extends from .the Kaibab Plateau eastward 
across the Echo Cliffs and J(aiparowits Plateau bears 
little relation to the actual structure. 

From observation points on the slopes of the Henry 
l\1ountains Gilbert 4 traced the course of the. Water
pocket Fold and described and illustrated the major 
structural features of the portion north of the Masuk 
Plateau as follows: 

It is far from following a straight line but, like most 
lines of orographic disturbance, swerves to the right and 
left, while maintaining a general trend. The amount of its 
"throw," or the difference in level between adjacent parts of 
the two blocks whicb it divides, is inconstant, its maximum 
being 7,000 feet. At some points the flexed strata are inclined 
at an angle of 50°, while at others their greatest dip is but 
15o. Toward the north the flexure twice divides. One of 
its branches, the Blue Gate flexure, bas a throw in the same 
direction and by its separation increases the throw of the 
main flexure. 

Gilbert 5 also briefly described the Paria fold (Echo 
monocline) and directed attention to its strati<:rraphic 
significance. 

0 

4 Gilbert, G. K., Report on tbe geology of tbe Henry Mountains, 
pp, 12-14, 1880. 

5 Gilbert, G. K., U. S. Geol. Surveys W. 100th Mer. Rept., vol. 3, 
pp. 51-52, 1875. 
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Dutton 6 has much to say of the structure of the 
Escalante Basin and the Kaiparowits Plateau as seen 
from distant viewpoints on the Aquarius Plateau. 
The W aterpocket Fold and ·the Escalante monocline 
are vividly described. He says: 

The structure of the plateau is best studied upon the south
ern slopes (of the Aquarius Plateau]. Here the most strik
ing feature is a large monoclinal, already alluded to as a 
companion to the Waterpocket Fold. It comes up from the 
southeast, crossing the lower end of Potato Valley, and trends 
along the slopes northwestwardly, disappearing beneath the 
lava cap. The throw of the monocline is to the westward. 
Upon its flanks the Cretaceous system is turned up and dips 
westward beneath the southwestward extension of the gen
e·ral plateau mass. The edges of its strata are truncated by 
erosion, and over them lies unconformably the Tertiary. The 
upthrow of the monocline heaves up the Jurassic white sand
stone, which is seen rolling up in a huge wave 1,200 to 1,800 
feet high across the lower end of Potato Valley. The position 
of this flexure relatively to the plateau mass is peculiar a·nd 
very striking; indeed, at first sight it appears altogethel; 
anomalous. We are accustomed in the western regions to 
see the strata rolled up on the flanks of a mountain range 
like a great wave urged onward toward a coast and breaking 
against its rocky barriers. But the Escalante flexure is like 
a wave sweeping along parallel to the coast, the crest line of 
the wave being perpendicular to the trend Qf the shore. Its 
line of strike runs up the slope and disappears beneath the 
Tertiary near the summit of the plateau. A fine stream of 
water [Pine Creek] runs upon this monocline parallel to its 
strike, precisely as Waterpocket Creek runs upon and paral
lel to the course of that flexure. 

The age of the Escalante monocline is evidently pre-Tertiary. 
It has been exhumed by the general erosion after having 
been buried beneath Eocene strata, and after these strata had 
been overflowed, in great part at least, by many hundreds 
of feet of lavas. · · 

From Dutton's viewpoint only the northeast face of 
the Kaiparowits Plateau was visible. Accordingly 
the plateau appeared to be composed of strata " quite 
horizontal." The structural features within the mass 
were not observed. 

Of the "Eastern Kaibab fault" and the "Paun
saugunt fault," Dutton 7 says: 

The Eastern Kaibab fault [fold] * * * continues north
ward past Paria trending first north-northeast but gradually. 
swinging in a curve around to the northwest, always pre
serving its true monoclinal form. As it approaches Table Cliff 
,it dwindles as if about to die out; but opposite the southwest 
angle of the Aquarius Plateau it is joined by an important 
fault coming from the south-southwest. This is the Paun
saugunt fault, which lies near the eastern base of that plateau. 

Dutton 8 thus describes the "Echo Cliff monocline": 

It seems proper also to describe briefly the Echo Cliff mono
.cline, since it is one of the most important in that great series 
of displacements which traverses the district from south to 
north. Everywhere it is a true monocline. It is known to 

8 Dutton, C. E., Report on the geology of the High Plateaus of 
Utah, pp. 286--295, U. S. Geol. and Geog. Survey. Rocky Mtn. Region, 
1880. 

7 Idem, pp. 32-33. 
8 Dutton, C. E., Tertiary history of the Grand Canyon district : 

U. S. Geol. Survey Mon. 2, p. 205, 1882. 

extend more than a hundred mil~?s south of the Colorado uud 
certainly reaches 50 miles north of the river. * * * The 
total· downthrow of the monocline varies greatly from place 
to place, but along those portions where it hus been well 
observed, the ·total displacement n,mges from 3,500 to 4,000 feet. 
Its age is Tertiary and probably very nearly coeval with the 
East Kaibab monocline-in other words, rather late Tertiary. 
The proof of Tertiary age is conclusive, since the flexure bends 
the Cretaceous beds wherever it approaches them, and its 
northward continuation involves the Eocene. · 

The Echo monocline has been described by Davis, 9 

who considered it older than the Pliocene; by Robin
son/0 who thought it originated during the Eocene
Miocene interval; and by Gregory ,11 who presented 
evidence for believing it probably pre-Tertiary. 

Prior to the work on which the present report is 
based no structural feature of the Kaiparowits region 
had been described on the basis of detailed field ob- · 
servations. Several of the features have· not been 
.preyiously recorded. 

REGIONAL RELATIONS 

As suggested by the wide, sensibly flat plateaus and 
long, even-crested escarpments the rock be.ds through
out most of the Kaiparowits region are gently inclined 
or nearly horizontal. This simple general attitude 
is interrupted in places by sharp monoclinal flex
ures, which trend in a general northerly direction and 
subdivide the region into large gently tilted blocks .. 
In places minor. undulations interrupt the otherwise·. 
regularly inclined beds between the monoclines. · West. 
and northwest of the Kaiparowits region northward-· 
trending faults divide the plateaus into blocks not un
ljke those produced by the monoclines. In each of the 
three inonoclinal folds that traverse central southern 
Utah the dip of the beds is eastward, and the rocks on 
the west are elevated and those on the east depressed. 
Along each of the faults the movement is in the op
posite direction, the rocks on the east being elevated 
and those on the west dropped. The monoclinal folds 
affect all the rocks from the uppermost Cretaceous 
downward but do not involve the Tertiary, whereas 
the faults displace the Tertiary beds as well. The 
displacements of the two types are thus of different 
geologic age. qnly one of the faults affects the Kai-

. parowits region. This, the East Paunsaugunt fault, 
trends northeastward along the east border of the 
Paunsaugunt Plateau. 

Aside from the deflections that are due to the mono
clinal folds, the general inclination of the beds in the 
southern part of the Kaiparowits region is northward, 
for the rocks here co~stitute the north flank of the 

0 Davis, W. M., An excursion to the Grand Canyon of the Colorado: 
Harvard Coli. Mus. Comp. Zoology Bull., vol. 28, pp. 140-141, 1901. 

10 Robinson, H. H., The San Franciscan volcanic field, Ariz. : U. S~ 
Geol. Survey Prof. Paper 76, p. 36, 1913. 

u Gregory, H. E., GeQlogy of the Navajo country: U. S. Geol. Sur-. 
vey Prof. Paper 93, p. 115, 1917. 
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broad Grand Canyon up warp in Arizona. Northeast 
of Table Cliff and Last Chance Creek-along the 
Straight Cliffs and in the Escalante Valley-the 
regional dip of the rocks is gently southwestward from 
the crest of the prominent W aterpocket Fold. These 
broad structural features are represented in the struc
ture map of the region (pl. 16) and are also indicated 
in the structural.sections shown on Plate 17. 

METHOD OF DETERMINATION 

During the course of plane-table surveys of most of 
the Pari a Valley, the 1\:ai parowits Plateau, the Circle 
Cliffs, and I-1alls Valley altitudes of numerous beds 
were determined at hundreds of different points. By 
1neasurements of the thickness of formations in the 
parts of the area thus traversed, it is possible to con
struct a fairly accurate general structural map on a 
selected datum plane. 

A structure map of the Circle Cliffs (fig. 8) was pre
pared with the top of the Kaibab limestone as a datum 
plane, but in making the map of the larger area shown 
in Plate 16 it was found that the representation of 
structure based on a stratigraphic horizon that in some 
places was more than 9,000 feet below the surface was 
subject to considerable error, chiefly because of un
known variations in thiclmess of the formations. 
Hence, the top of the Dakota ( ~) sandstone, or rather 
the base of the persistent and highly fossiliferous basal 
sandstone of the Tropic shale, which is a very widely 
distributed, well expos'ed, and readily identifiable 
horizon, was selected as a more ·suitable datum. It 
is approximately in the middle of the stratigraphic 
section. 

In computing the altitude of the Dakota ( ~) sand
stone in areas where older and younger rocks are 
exposed at the surface convergence maps were con· 
structeq. for each of the main stratigraphic divisions. 
For example, an increase in thickness of mor1?. than 
1,000 feet in the Triassic rocks between the Circle 
Cliffs and the San Juan River was taken into account.· 

Measurem'ents of stri~e and dip were made in many 
parts of the region. This information, supplemented 
by observations of the areal distribution of formations 
and altitudes obtained from topographic maps, was 
utilized in drafting the structural map. 

WATERPOCKiET MONOCLINE 

The W.aterpocket monocline is one of the dominant· 
structural elements in southern Utah. The. ridges 
formed by the sharply upturned massive sandstone 
and the long, narrow soft-rock valley that marks its 
course may be traced for a distance of nearly 80 miles 
from the Colorado River northward to Thousand 
Lake Mountain. From N otom southeastward the 
jagged flanks of the Waterpocket monocline are par-
ticula.rly conspicuous. · 

I 
The rocks in the m. onocline are steeply inclined to 

the east, and dips range from 15° at the south end of 
the fold on the Colorado River to 75° at some points 
east of the Circle Cliffs. (See pl. 19, A.) In several 
places a horizontal traverse of a little over 2 miles 
involves crossin~ all beds fron1 the.top of the Permian 
1\:aibab limestone to the Masuk sand·stone, near the top 
of the Cretaceous, a stratigraphic section of approxi
mately 9,000 feet. (See pl. 18.) Near the head o~ 
Halls Creek the structural displacement is about 9,000 
feet, but. to the south the eastward inclination of the 
rocks becomes gradually less, the amount of· the dis
placement diminishes, and a short distance south of 
the Colorado River the fold disappears. vVhere the 
Colorado River crosses the W aterpocket flexure the 
uppermost ·part of the Moenkopi formation is exposed 
for a short distance, and the overlying weak Chinle 
shale widens the canyon locally. (See pl. 26, 0.) 

Along the eastern flank of the W aterpocket mono
cline a longitudinal valley is carved in soft Upper 
Jurassic and Cretaceous rocks, and the more resistant 
strata stand on the floor of the valley as low hogbacks. 

Southward from the vicinity of Muley Twist the 
steep west wall of the longitudinal valley consists of 
Navajo sandstone, which extends to the crest of the 
~onocline and continues down its southwestern slope 
into the 1\:aiparowits downwarp. North of ·Muley 
Twist the Navajo forms a high hogback ridge sep
arated by a narrow longitudinal valley from the sharp
angled sandstone ridge formed by the Todilto ( ~) 
and Wingate formations. In the middle eastern 
part of the Circle Cliffs the Wingate tends to form 
a series of triangular pyramids separated by east
ward-flowing tributaries of Muley Twist Creek, which 
flows southward along the contact of the Navajo and 
Todilto ( ~) formations. The weak Triassic Chinle 
and Moenkopi rocks form a lowland on the west side 
of the sandstone ridges, but the underlying hard 1(ai
bab limestone forms a dip slope that rises to the sum
mit of the anticline, where an altitude approximately 
equal to that of the crests of the sandstone ridges of 
the plateaus farther east is reached. 

The W aterpocket monocline involves all the strati
fied rocks below the Masuk sandstone, and the date 
of the deformation is therefore at least as late as 
the later part of the Cretaceous. 

CIRCLE CLIFFS UPWARP 

The Circle.Cliffs upwarp is an elongated, very asym
metric anticline, somewhat more than 50 miles in 
length, bordered on the east · by the W aterpocket 
monocline. The highest part o~ the upwarp has a 
domal form compressed from east to west and elon
gated parallel to the tr~nd of the monocline. Here 
the top of the 1\:aibab limestone rises to about 6,500 
feet above .sea level, at a point near The Peaks. If 
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·the Dakota ( ~) sandstone were still present over the 
summit of the upwarp it woul(J. have an altitude of 
about 11,300 feet. Northward along the axis of the 
upwarp a relatively shallow sag lies between the high 
point in the Circle Cliffs and ~ second high point 
in the Miners Mountain swell. Southward the crest 
of the upwarp plunges gradually to about 6,500 feet 
a short distance south of the Colorado River. South
westward the dip slopes on the hard Jurassic sand
stone form a gentle descent, interrupted by low anti
clines and synclines, that leads toward the !(aiparowits 
downwarp, whose lowest part is 30 to 40 miles dis
tant. After crossing the belt of weak Upper Jurassic 
rocks in the Escalante Valley this dip slope continues 
to the hard sandstone of the Kaiparowits Plateau. 

Erosion has breached the high part of the Circle 
Cliffs upwarp and produced a broad elliptical valley 
in the. soft Triassic shale. (See pls. 8, B; 22, B.) 

This depression, which is surrounded on all sides 
by inward-facing cliffs of massive Jurassic sandstone, 
is not hollowed smoothly into a basin but contains in 
its. central part a broad, dome-shaped elevation that 
is upheld by the hard Permian limestone and sur
mounted in two or three places by outliers of hard 
Triassic conglomerate that reach an altitude as great 
as that of the top of the surrounding sandstone rim. 

HARRIS SYNCLINE 

In the central part of T. 36 S., R. 5 E., a southward
trending shallow syncline crosses Harris Creek, a 
tributary of the Escalante River. The structure is 
clearly shown in the basal. sandy, gypsiferous upper 
Jurassic beds that overlie the Navajo sandstone. On 
the east side of the syncline the dip is 3° to 10°, but 
on the west it is as much as 20°. The southward 
plunge of the syncline is more than 150 feet to the mile. 

COLLETT ANTICLINE 

The Collett anticline is a minor elevation of the 
beds on the west side of the Harris syncline.· It is 
locally rather prominent on account of the conti·ol 
it exerts in the distribution of the rocks at the surface, 
having produced a nearly continuous extension of 
the Navajo sandstone from the broad area of its out
crop north of Harris Wash to. Collett Creek on the 
south. As measured in the stratified rocks that over
lie theN avajo the inclination of the beds in the anti
cline is 5° to 20° on the east flank and 4° to 5° on the 
west flank. 

ESCALANTE MONOCLINE 

The Escalante monocline is locally a very prominent 
structural feature. As viewed from Escalante it 
stands as a wall of steeply upturned sandstone bor
dered by lower-lying surfaces of gypsum, shale, and 
alluvium, in the midst of which the village is placed. 

Directly across the wall the Escalante River has cut a 
deep, narrow trench, the beginning of a continuous 
canyon that leads to the Colorado River. The change 
in topography from a broad, open valley to a precipi
tous-sided trench is abrupt. South of Escalante the 
monocline plunges southward and seems to disappear 
within a few miles. Northward, however, its western 
flank for a distance of about 8 miles is exposed in the 
bank of Pine Creek. Farther north, on Sand Creek, 
the fold has been beveled by pre-Tertiary erosion, and 
as a series of truncated beds it disappears beneath the 
limestone and lava of the Aquarius Plateau. Unlike 
the beds involved in the Waterpocket flexure the Juras-
sic beds exposed in the eastern limb of the Escalante 
monocline have gentle dips that extend for but a few 
miles before becoming merged with the general 
regional structure. But the strata that form the 
westward flank dip sharply downward-30° to 36° 
along Pine Creek, 16° on Deadman Creek-and bring 
the Navajo sandstone (Jurassic n and the Straight 
Cliffs sandstone (Upper Cretaceous) into the same 
horizontal plane. The displacement amounts to more 
than 2,000 feet within a horizontal distance of about 
2 miles. In its regional relations the Escalante mono
cline is an interruption of the general dip of the beds 
between the crest of the "\¥ aterpocket flexure and the 
base of the Aquarius and Table Cliff Plateaus-a huge 
wrinkle in an otherwise continuous westward-dipping 
sandstone. 

KAIP A~OWITS DOWNWARP 

The great southward projection of the Cretaceous 
rocks that compose the Kaiparowits Plateau is ex
plained by the structural depression of the plateau 
area. Northeastward from the base of the plateau 
there is an essentially uniform rise of the rocks to the 
summit of the Circle Cliffs upwarp, and there is con
sequently no real line of division between the areas 
designated downwarp and upwarp. A convenient and 
natural division, however, may be made along the line 
of the Cretaceous outcrops marked-by the Straight 
Cliffs. On the south and southeast the rock beds rise 
gently towal,'d the Colorado River, and there are no 
clearly defined structural liinits of the downwarp in 
this direction. This- part of the downwarp is char
acterized by gentle undulations, whose axes converge· 
toward the center of the depressed area. Along Wah
weap Creek the north end of the Echo monqcline is a 
more prominent rock fold that ~arks out the Paria 
platform on the west from the structurally slightly 
lower area to the east. On the west the Kaiparowits 
downwarp is sharply bounded by the East Kaibab 
monocline, whose main axis, marked by the course of 
the House Rock Valley and Cottonwood Creek, trends 
north-northeast. North of the " Gut" this trend 
gradually changes to the northwest, and th~ dip of 
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A . VIEW LOOKING SOUTH ALO G HALLS VALLEY FROM A POINT J UST ABOVE MOUTH OF M ULEY TWI ST 
CREEK 

The sandstone in the foreground and a t the right is Navaj o; dark soft strata of the Carmel form a tion a nd E ntrada sandstone 
appear a t th e left. The cliffs in l.he lef t dista nce are composed of Summ erville, Morrison, and Dakota(~) formations. 

Looking norLh from a point above Paria River. 

B . EAST KAIBAB MONOCLINE 

Navaj o sandstone a t left, Dakota (?) sands tone, Tropic shale, and Stra ight Cliffs sandstone, in order 
named, a t right. 
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the rocks is notably less steep than farther south. The 
northern part of the downwarped area has a definitely 
synclinal strl.lCture, with an axis that trends northwest. 
As the axis of the syncline trends almost exactly be
neath Table Cliff, it is called the Table Cliff syncline, 
although the 'fertiary rocks of the plateau are not at 
all involved in the structure. 

In most places the surface of the Cretaceous sand
stone platforms accurately reflects the rock structure. 
From the crest of the Straight Cliffs a dip slope is 
gently inclined to the southwest. (See pl. 21, .A.) 
'rhis dip is local.ly much steepened on approaching 
the Table Cliff syncline, as indicated topographically 
by the development of hogback ridges on the Wah
weap sandstone east of Table Cliff and Canaan Peak. 

A view from any prominent point, such as the 
~rest of the Cretaceous hogbacks on the East l(aibab 
monocline, shows clearly the gently basin-like struc
ture of the central part of the l(aiparowits do~vnwarp. 
The lowest parts of the basin in the vicinity of Canaan 
Peak and along the headwaters of Wahweap Creek are 
occupied by soft rocks of the I)::aiparowits formation, 
and the maximum thickness of this forn1ation lies 
where the underlying sandstone ·is most depressed. 
The dip slope on t,he top of the vVahweap sandstone 
rises gently but in a clearly defined manner on the 
northeast, east, southeast, and south. On the west 
lies the steeply upturned sandstone of the East Kai
bab monocline. 

The top of the Straight Cliffs sandstone forms a 
broad platform that extends outward from the Last 
Chance Cliffs. Except in part 'of the area along Last 
Chance Creek, where the i.·ocks of this division hav~ 
been extensively altered by the burning of the in
cluded coals and have been much dissected, the irregu
larities of the platform define the gentle anticlinal 
and synclinal· warpings that are superimpose.d on the 
regional structure in this part of the downwarp. 
South of the Straight Cliffs escarpment the platform 
known as the Grand Bench, formed mainly by mas
sive Morrison conglomerate, shows a continuation of 
structural features observed in the rocks farther 
north. 

ROCK CREEK ANTICLINE 

A prominent southeastward-trending. anticline is 
observed on the headwaters of Rock Creek, about 6 
miles north of the Colorado River, and intersects the 
Little Red V a1ley ," a tributary of the Croton Branch of 
Last Chance Creek. Unlike many of the structural 
features of the plateau country, the Rock Creek anti
dine shows no steep dips, the maximum inclination 
being about 8° or 10°. The anticline has an elliptical 
dome shape that is striking because of its clear expres
:Sion in the dip slopes of the Grand Bench and because 
of exposures of Navajo sandstone on Rock Creek and 
W nhweap sandstone in Little Red Valley that are 
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entirely surrounded by younger formations. So far 
as known, the axis of the anticline is only 8 or 10 miles 
long. 

CROTON SYNCLINE 

The Croton syncline borders the Rock Creek anti
cline on the west and trends almost due north along the 
Croton Branch of Last Chance Creek. On the east 
side of the syncline the beds dip 8° or 9°, but on the 
west they have only a slight inclination toward. the 
axis of the syncline, and within a short distance they 
reassume the regional slope toward the southwest. 

LAST CHANCE SYNCLINE 

Throughout almost its entire course Last Chance 
Creek follows the axis of a gentle but well:defined syn- · 
cline, the east limb of which is formed by the general 
regional dip of the rocks, and the west limb by a gentle 
rise toward the crest of the Smoky Mountain anti
dine. Locally dips of as much as 5° are observed, 
but in general they do not exceed 2° or 3°. The axis 
of the syncline plunges northwestward at an average 
rate o:f about 65 feet to the mile, the direction of slqpe 
being opposite to t~at of the stream's flow. 

SMOKY MOUNTAIN ANTICLINE 

The gently rounded divide· on the surface of the 
Straight Cliffs sandstone plateau and the Grand 
Bench defines an anticlinal axis that passes through 
Smoky Mountain. The anticline may be designated 
conveniently the Smoky Mountain anticline. Between 
the headwaters of Warm and Last Chance Creeks this 
axis is very sharply marked, and. the dip slope from 
the top of the sandstone is very readily observable 
with the eye. Farther south the axis of the anticline 
is less clearly defined. Its trend is parallel to that of 
the synclines on each side, and like them it plunges 
gently northwestward. 

WARM CREEK SYNCLINE 

Warm Creek follows the central axis of a gentle · 
synClinal depression somewhat similar to that of Last 
Chance Creek but broader and, especially to the south, 
less clearly defined. .It is of interest chiefly on ac
count of its relation to the position of the stream. 

W AHWEAP SYNCLINE 

The structurally depressed· area on the east side of 
the Echo monocline may be designated the Wahweap 

. syncline. The trend of this syncline is more northerly 
than the structural features that have been noted 
farther east, and there is here little structural dif
ferentiation from the Warm Creek syncline, which 
adjoins it on the east. For the niost part Wahweap 
Creek does not follow the axis of the W ahweap syn
cline but flows in a course parallel to it, a short dis
tance to the west. • 
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TABLE CLIFF SYNCLINE 

As defined by steep northeasterly dips at the head of 
the ·Paria Valley and by similarly steep southwesterly 
dips that are marked by the northwestward-trending 
hogback ridges along the headwaters of the Escalante, 
the Table Cliff syncline marks the bottom of the Kai
parowits downwarp. Its axis trends northwestward, 
and as indicated by a study of the Kaiparowits forma
tion and the altitude of the top of the Wahweap sand
stone, there is apparently a gentle plunge to a low 
point in the vicinity of Canaan. Peak. The central 
part of the syncline is occupi~d by the Kaiparowits 
formation. The. rocks are beveled off rather smoothly 
by erosion, so that above the axis of the syncline the 
Tertiary beds rest on beds high in the Kaiparowits 
formation, but a short distance to the east ·and west 
they rest on sandstone of the Wahweap formation, and 
farther away on lower beds down to the Navajo sand
stone. 

ECHO MONOCLINE 

. The sharp monoclinal flexure that is called by 
Gregory the Echo monocline is breached by the Colo
rado River at Lees Ferry. South of the river it is 
readily traceable for many ~iles in Arizona. North
ward in Utah, where the flexure is much less promi
nent, it extends to the eastern part of R. '2 E., about 
midway between the points where the Paria River and 
Wahweap Creek cross the boundary. Near the State 
line the moiwcline is clearly defined by an eastward 
·dip slope on the top of the Navajo sandstone, where 
dips of as z.nuch as 30° were observed. The displace-

. ment of any particular bed on the two sides of the 
monocline amounts to only about 1,500 feet, which is 
much less t.han ~t Lees Ferry and points farther south. 
W~ere Wah wea p Creek intersects the monocline, 7 
1nil~s north of the State boundary, the dip~ average 
12°-15° and the amount of displacement is somewhat 
less than it is to the south. Distinct easterly dips may 
be observed iJ?. the Cretaceous beds ~long Wahweap 
Creek as far north as Ty ·Hatch Creek, a tributary of 

. Wah we a p Creek in the southern part of R. 41 s: In 
. this vicinity the fold plunges northward. The effect 
o£ the monocline . on the distribution of rock forma
tions is clearly exhibited on the geologi~ map of the 
area, for the border of the Cretaceous is about 6 miles 
farther south on the· east side of t~e monocline than 

; .on the west side. 

PARIA PLATFORM 

The Paria platform is an area of gently northward
iRclined beds between the East Kaibab and Echo mono-

. clines. It js narrow at the north and widens gradu
ally southward. It is structurally continuous with the 
great marble platform in which the Marble Gorge of 
the Grand Canyon is carved. Its maximum width in 

scuthern Utah is about 18 miles, but 20 miles north 
of the State boundary, where it passes into the un
differentiated parts of the Kaiparowits. downwarp, 
it is barely 8 miles wide. 

The gentle northerly dip slope is very well defined 
on the top of the Navajo sandstone in the · Paria 
Plateau. East of the Paria River it forms the broad 
Clark bench, south of the Straight Cliffs escarpment. 
upper· Jurassic and Cretaceous rocks overlie and con
ceal the .Navajo in most of the portion of the Paria 
platform that is included in the area here described. 

EAST KAIBAB MONOCLINE 

The East Kaibab monocline justly ranks as a major 
structural feature of the plateau country. It extends 
without interruption from the Colorado River north
ward to Table Cliff, a distance of about 120 miles, ancl 
defines the eastern border of the Kaibab Plateau. It 
raises the rocks on the west several thousand feet 
above those on the east, and through its influence in 
guiding erosion the present stratigraphic formations 
are so distributed that beds on the east side of the fold 
!~each on the average about 40 miles farther south than 
corresponding beds on the west. Unlike the Water
pocket and Echo monoclines, the East Kaibab mono
cline trends east of north, but like theirs its steep dips: 
are eastward. (See pls. 19, B /21, A, B.) 

The structural displacement along the East Kaibab 
monocline in southern Utah amounts to a maximum 
of about 5,000 feet. Along Kaibab Gulch it is possible 
to pass from the top of the Permian Hermit shale 
to the top of the Jurassic(?) Navajo sandstone in a 
horizontal distance of about 3 miles at right angles 
to the trend of the fold. The rocks on each side of 
the monocline slope gently north, so that successively 
younger rock divisions appear at the surface in Plii:SS-· 
ing froin south to north. Along Cottonwood Creek 
and farther sout}) the average dip of the rocks is al;>out: 

. 40° E.; but in places dips as steep as 65° hav~ been 

. measured. (See pl. 19, B:) In most places there is 
. no observed .. evidence of faultjng along the monocline,. 
·but south of the pojnt wh~re the Paria River crosses 
the fold there are indications of considerable fractur
ing of the massive Navajo sandstone accompa~ied by 
slipping and shearing. The . extreme narrowness of 
the House Rock Valley near . the point where Sand 
Wash crosses the sandstone escarpment indicates that 
a strike fault with downthrow o:ri. the east ,cuts out 
part of the soft Triassic beds that normally should be 
exposed at this horizon. · 

All the stratified rocks of the ~egion up to .the very 
top of the Upper Cretaceous Kaiparowits formation 
are involved in the folding, and the time of the de-· 
formation must therefore be . at least very late in the 
Upper Cretaceous. It seems probable that the defor
mation took place· at the end of Upper Cretaceous 
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time and that the erosion represented by the pre
Wasatch unconformity may be referred to early 
Eocene time; represented by the Animas (Eo
·Cene ~) , Torrej on, and Puerco formations in the 
San Juan area, to the southeast. Evidence points 
rather strongly to a common age for the disturb
ances that produced the monoclinal folds of the 
plateau country. In several places rocks as 
young· as the Mesaverde Cretaceous, which are 
included in the folding, are preserved from sub
sequent erosion, but in most places the pr~-W a
satch or subsequent denudation has planed the 
surface down to rocks that are older than the . 
l{aiparowits beds. Gregory 12 notes that very late 
Cretaceous rocks (the so-called Laramie beds of 
that area) are included in the deformation of the 
Defiance monocline in eastern Arizona, whereas 
in southern Utah the beveled Mesozoic beds are 
unconformably covered by Eocene beds. This in
dicates, then, that the general period of disturb
ance in the plateau country that produced the 
monocline is post-Fruitland in age and sufficiently 
older than the Wasatch to have permitted wide
spread and deep erosion of the underlying rocks. 

KAIBAB UPW ARP 

The l{aibab upwarp includes the elevated strata 
on the west side of the East l{aibab monocline. 
The part of the upwarp that is included in south
ern Utah represents the northward-sloping border 
qf the uplift, which reaches its greatest altitude 
far to the south, in the Grand Canyon district. 
The l{aibab limestone is exposed at the surface 
for about 10 miles north of the Utah-Arizona 
boundary, and beyond it successive outcrops of the 
younger beds appear in order. The Jurassic sand
stone forms the eastward-trending escarpments 
known as the Vermilion and White Cliffs. The 
Cretaceous beds occupy the surface at the head
waters of the Paria Valley. 

PAUNSAUGUNT FAULT 

On the east side of the Paunsaugunt Plateau, 
but at a distance of 1 to 3 miles from the Pink 
Cliffs, which border the plateau, lies a prominent 
northward-trending fault with uplift on the east, 
known as the East Paunsaugunt fault. On t~?-e 
west side of the fault are Upper Cretaceous sand
stones that belong to the W ahweap and Straight 
Cliffs formations, and on the east are Cretaceous 
beds that belong to the Tropic shale and the Da
kota ( ~) sandstone, whereas farther south beds of 
the Upper Jurassic Carmel formation are found 
in contact with the Upper C~etaceous sandstone. 
Few places were observed where the total throw 
of the fault could be determined readily, but 
on Willis Creek the displacement apparently 
amounts to at least 1,500 feet. Where the Paria 

1• Gregory, H. m., op. cit., p. 111. 

FIGURE 7.-Generalized block diagrams representing stages In the physio
graphic history of the upper Paria Valiey. a, A short time after displace
ment of beds along Paunsaugunt fault; consequent northward drainage 
on the west (downthrown) side, and possibly also on east side. b, Reces
sion of Tertiary cliffs on upthrown side thro~gh headward cutting of the 
Paria River drainage favored by steep gradient to the Colorado River and 
weak Cretaceous rocks below Tertiat·y. c, A later stage, showing erosion 
of the block west of the fnult as well as further recession of cliffs on the 
upthrown block. d., Present stage. Not much headward cutting is needed 
for the Pal'ia to capture tl1e waters of the upper East Fork of the Sevier 
River. Tw, Wasatch formation ; Kk, ·Kaiparowits formation ; Kws, Wah
weap and Straight Cliffs sandstones; Kt, Tropic shale; Kd, Dakota(?) 
sandstone; Jsr, San Rafael group; Jgc, Glen Canyon group 
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River crosses the fault Tertiary beds on the west are 
in contact with the Upper Cretaceous sandstones on 
the east, and the amount of the throw is apparently 
only 400 or 500 feet. As the fault affects the "\V asa~ch 
Tertiary beds its age is post-Wasatch. . In geologic 
time and in direction of dislocation of the rocks this 
structural feature is therefore entirely unrelated to the 
monoclines that have been noted in other parts of the 
area. The space between the Paunsaugunt fault on 
the east and the. Sevier fault on the west, which is 
mainly occupied by the Paunsaugunt Plateau, may be 
designated the Paunsaugunt platform. As most of 
this area is covered by· Tertiary rocks the structur€ 

·.·.• .. 
\ .,.,, ... 

of the underlying Mesozoic and older beds is not defi
nitely known. Cretaceous sandstone that is exposed 
on the East Fork of the Sevier River lies practically 
flat, and it is probable that the older beds in this at~ea 
have a gentle northward inclination similar to that 
of the Kaibab upwarp farther east. Topographically 
this platform has an altitude of somewhat more than 
2,000 feet above the country to the east, which is a 
very interesting and physiographically significant fea-

. ture, as the original effect of the Paunsaugunt dis
placement ·-~ust have been to elevate the country on 
the east considerably above that on the west. This 
to1Jographic inequality has since been reversed. (See 
fig. 7.) 



CHAPTER 4. PHYSIOGRAPHY 

REGIONAL RELATIONS 

The Colorado Plateau province, of which the Kai
parowits region is a small but typical part, has long 
held special. attraction for the student of land forms. 
For the province as a whoie the topographic features 
are distinctive. In strongest contrast to the graceful 
outlines of humid climates, the plateau landscape is 
boldly rugged. The angled outlines of the land stand 
forth without protecting cover, but the naked la.nd
scape is decked in a maze ~f brilliant, fanta~tic colors: 

The plateau province is essentially a country of 
broad cliff-edged n1esas, more or less intricately 
trenched by narrow steep-walled canyons. In many 
places single platforms extend uninterruptedly for 
scores of miles. Commonly one wide plateau bench 
rises above another, and this in turn is surmounted 
by still others so as to form a series of broad, irregu
larly outlined steps, each hundreds or even thousands 
of feet in height. However, an outlook from al~ost 
any vantage point shows a sky line that is essentially 
horizontu.l; the breaks at the edges of successive 
plateaus appear quite insignificant, and the clefts 
carved by deeply intrenched dra.inage disappear al
most completely. So well does the plateau surface on 
one side of a river appear to merge with that on the 
other that ev~n the profound gorge of the Colorado 
becomes conspicuous only when its i'im is closely ap
proached. At a few 'poi'nts in northern Arizona and 
eastern Utah the general smoothness of the horizon 
is interrupted by laccoliths or volcanic piles-cone
shaped elevations like straw stacks in a broad field. 

When viewed close at hand, each of the typical ele
ments of the plateau landscape is bold and impres
sive. The surface of a plateau that at a distance seems 
a broad, smooth platform may prove to be intricately 
trenched by canyons hundreds of fe~t in depth, '\vhich 
make travel across it exceedingly difficult and in places 
all but impossible. The edge of each plateau is com
monly marked by an. imposing cliff, which surmounts 
a slope that leads down to the surface of the next 
lower platform. Many of these cliffs rise more than a 
thousand feet above the country below; from the floor 
of the Paria Valley to the top of the Table Cliff 
Plateau there is· an almost unbroken ·ascent of more 
than 4,000 feet. Unnoticed details· of the distant 
landscape on nearer approach stand forth as great 
.buttes and towers. 

Very noteworthy 'deviations from the normal sub
horizontal elements of the landscape, and much more 

common than the irregularities due to igneous activity, 
are the long n1onoclinal ridges, many of them sharply 
serrate, which divide one section of the plateau coun
try from another. Some of these walls extend almost 
without break and with little change in direction 
for more than 100 miles. Though these ridges are 
in general not lofty, they rise in places hundreds of 
feet above the adjacent plateaus. 

As compared with other parts of the plateau prov
ince, the stratigraphic series of the Kaiparowits region 
are similar and the diastrophic movements are not un-

. like in kind and probably in time. The periods of 
igneous activity throughout the plateau country are 
probably more or less closely related. The establish,.. 
ment of the Colorado River drainage system and the 
development of the physiographic features tha.t now 
distinguish its basin are chapters in the geologic 
history of Arizona, Nevada, and Colorado, as well 
as of southeastern Utah. The evidence from all these 
regions should be cumulative and accordant. Although 
the Kaiparowits region furnishes typical examples of 
nearly all the land forms of the plateau country and 
affords many interesting facts of physiographic his
tory, the scope of this study is insufficient to make de
sirable the discussion of other. than salient features. 
Interpret~tion of evidence concerning the physio
graphic history of the region is tentative and when 
correlated with future observations in this . and in 
adjacent areas will doubtless be modified. Because of 
these considerations, the material presented in this 
chapter is largely descriptive. 

. FACTORS THAT INFLUENCE EROSION 

CLIMATE 

Southeastern Utah as a whole is arid. The average 
annual rainfall at six stations below the rim of the 
~igh Plateaus is 9.56 inches, and at few places on the 
High Plate.aus does it exceed 12 inches. In parts of 
the J(aiparowits region it is probably less than 5 
inches. The precipitation is subject to wide variation 
in time, in amount, and in place. The rain commonly 
falls in local torrential showers, and only at infre
quent inte:t;vals are there general storms accompanied 
by widespread precipitation. (See p. 20.) 

The sudden violence of the showers in a country 
almost barren of soil and vegetation results in a 
maximum amount of run-off, for little of the water 
soaks deeply into the .ground. T4e falling rain gathers 
almost immediately into rivulets and gulleys, which 

12.1') 
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carry it swiftly into the larger drainage channels. 
During heavy stonns sheets of water cover much of 
the surface and roll along to some depression or plunge 
over the cliffs as a nearly continuous waterfall. In 
the canyons a turbulent, swollen flood of dirty, debris
laden water quickly appears, where before there may 
have l;>een not even a trickle, and the waters may rise 
several feet in almost as few minutes. In narrow 
sections of th~ canyons the water may reach a height 
of 15 or even 20 feet above the canyon floor, and in 
many places it is dangerous to be caught during a 
heavy storm. To one not acquainted with the plateau 
country it is surprising to see the tumbling, noisy 
"'wall of water" advance swiftly down a dry water
course at a time when the immediately surrounding 
country is bone-dry. 

During the passage of these floods the color «;>f the 
water changes as one tributary after another con
tributes its load of waste. With ·the geology of the 
region in mind it is possible to determine the source 
of the materials, and thus the location of the storm, 
though many miles distant. 

The run-off from a local shower may be insufficient 
in amount to reach one of the larger perennial streams, 
so that the water may deposit its load along the can
yon as it sinks into the porous debris of the canyon 
floor. After the larger storms and during the rainy 
season, many of the tributary streams become through
flowing ~nd contribute their mud and coarser land 
waste to the master stream. · 

If the rainfall in southern Utah . were evenly dis
tributed through the year the average flow of streams 
would be relatively small. It is even possible that 
evaporation and seepage into th~ materials of the 
valley bottom would more than counterbalance the 
small average surface flow; ther~ would be little 
erosion. But the distribution of rainfall in sudden, 
hard showers, with. consequent very rapid run-off, 
greatly facilitates erosion ·and the removal of large 
amounts of .;rock _debris. A single flood may accom
plish many times the amount of erosion that would 
result norm~lly from months or even years of work 
by a small stream. 
. Evaporation tends to diminish the length and vol

ume of streams, with consequent effects on transpor
tation ~nd deposition of debris. Gregory 1 has called 
attention to the season~! ·and daily fluctuations of 
stream flow in response to evaporation, and Miser 2 

ascribes some of the . changes in volume df the San 
Juan ,to the periodic passage of hot dry winds. 

1 Gregory, H. E., The Navajo country-a geographic and hydro
graphic reconnaissance of parts of Arizona, New ·.Mexico, and Utah : 
U. S~ Geol. Survey Water-Supply Paper 380, p. 98, 1916. 

2 .Mlser, H. D., The San Juan Canyon, southeastern Utah,· a geo
graphic· and hydrographic reconnaissance: U. S. Geol. Surv'ey Water-
Supply Paper 538, p. 17, 1924. · 

Frost is an active agent. The mesas and buttes that 
stand above the general surface level of the Paun
saugunt and Kaiparowits Plateaus are heavily coated 
with talus, and blocks pried from sandstone ledges are 
piled at the base of the higher cliffs and here and 
there along the canyon walls. Even on the gentler 
.slopes frost supplies each spring a thin coat of material 
ready for( removal by the torrential rills of summer. 

VEGETATION 

The collection of the rainfall in the stream courses 
of the Kaiparowits region is greatly accelerated by the 
generally scanty vegetation. The upper slopes and 
summits of the High Plateaus, above an altitude of 
about 8,500 feet, are fairly well forested. In places 
between the trees lie meadow-like glades carpeted with 
grass and dotted with thickets of shrubs. Here the 
run-off is retarded, and much of the precipitation sinks 
into the soil and underlying rocks. The lower slopes 
and the broad plateau surfaces at intermediate alti
tudes, such as the Kaiparowits Plateau, have a sparser 
covering of rather stunted trees, and the effect of vege
tation in retaining moisture is considerably di1nin-. 
ished. The lowest plateaus and valleys, at an altitude 
of around 6,000 feet and less, possess only a very scat
tered covering of small twisted cedars and scraggly 
pifions, with sagebrush, greasewood, and other plants 
in places between them. Each unit of the scanty vege
tation tends to stand by itself, surrounded by bare soil, 
loose stony waste, or bare rocks. Over wide spaces 
not even a cactus has established a foothold in these 
inhospitable surroundings. Under such conditions the 
retarding effect of vegetation on active erosion is re
duced to a minimum. For the region as a whole vege- · 
tation is a very subordinate factor in the control of 
run-off. 

STREAM GRADIENTS 

Owing to the comparatively short distance fro~ the 
High Plateaus, where altitudes are 8,000 t<?, nearly 
11,000 feet; to ·Glen Canyon, where the altitude is less 
than 3,500feet, most streams of the Kaiparowits region 
have steep gradients. The Paria River descends 7,400 
f~et in 75 mile~, and even exclusive of its steep head
water tri_butaries, the lower 60 miles of th~ stream has 
an average fall of 43 feet to the ·mile. Similarly the 
Escalante River descends a little over 7,000 feet in 

· about 80 miles, and the average descent below the 
st~ep. headwaters is about 41 feet to the mile. Wah
weap Creek, whose headwaters are in soft rocks that 
are underlain by a resistant sandstone platform, has 
an average gradient of 100 feet to the mile, and Last 
Chance Creek, in essentially similar surroundings, an 
average gradient of 70 feet to the mile. The shorter, .. 
Warm Creek and ~ock Creek have respectively aver
age falls of 90 and 285 feet to the p1ile. In contrast 
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with these streams the Colorado River in Glen Canyon 
has the exceptionally low gradient of about 2 feet to 
the mile. 

There is an evident relation between the gradient. 
of the streams and the character of the rock :formations 
in which the valleys are carved. In portions o.:f the 
valleys where soft· rocks are exposed the ·stream 
gradient is relatively low, but where hard rocks are 
encountered the rate of fall is markedly higher. 
Thus, along most streams there is a succession of rela
tively gentle and relatively steep gradients. The 
interrupted profiles and steep gradients of the streams 
are indications of the rapid downward erosion that is 
taking place along their courses. Rapid erosion is 
indicated also by the characteristically large load 
carried by the streams. The flood waters sweep away 
enormous quantities of the finer sediments and push 
forward along the stream channels coarse rock waste, 
including large boulders. · Much of the energy of some 
streams is utilized in transportation, with the result 
that vertical cutting is impeded, and there is a tend
ency to cut laterally and to develop meanders. The 
Colorado River in Glen Canyon is barely able to carry 
the load of waste -supplied by its tributaries. 

GROUND WATER 

The predominance of high-lying plateaus and 
mesas. bordered by lofty cliffs fa VOl'S the emergence 
of ground water. Innumerable canyon walls provide 
an exit for water in bedding planes and zones of joint
ing, and much water seeps through the massive sand
stones. Many rock surfaces are· damp at night and 
on cloudy days, but in response to stronger evapora
tion during dear days only surfaces that are coated 
with efflorescence are moist. The local concentration 
of ground water along laminae of cross-bedding and 
on top of impervious beds has resulted In the produc
tion of rock-roofed reces.ses and alcoves. (See p.1~4.) 
From waJls pf .N.a':aJO sandstone many seeps and 
~prings em~rge .. Although continuous ," spring 
zones " are not qonspicuous features, most of· the 
ground wate.r in the Kaiparowits· region re~ches the 
surface at the contact of impervious and pervious 
strata. A ~ f.~w springs emerge at the top of the· 
Chinle . formation, from beds within that form.a~ 
tion, and at the top of the Todilto ( ~) formation. The 
Morrison-Dakota ( ~) unconformity and. the · base . of 
the Morrison is the site of several springs, . and the 
sandstone overlying the Tropic shale is ·in many places 
snturated. The most numerous spri;ngs and seeps 
emerge at. the base of the Tertiary, partly because the 
surface water supplied to these high-lying formati()ns 
1s relatively large and partly because the loosely ~om
pacted conglomerate that marks the Cretaceous-Terti
ary contact. is a capable water carrier. Along the 
base of the Paunsaugunt, Table Cliff, and Aquarius 

Plateaus a zone of moist roc.:ks is almost continuous, 
and many patches of near-ly:ing alluvium are sat
urated. The efficiency of ground water as a f~ctor 
in erosion is further shown by landslides. (See p.145.) 

RELATIONS OF TOPOGRAPHY TO GEOLOGY 

GENERAL RELATIONS 

An outstanding :feature in the topographic develop
ment of the Kaiparowits region is the control exerted 
by the composition, structure, and attitude of the 
rocks. It is readily observe.d that the surface of' each 
broad bench or mesa is upheld by a r.ock mass that is 
resistant to erosion. From most benches the overlying 
weak rocks have been stripped away so that the pres
ent surface coincides closely with the top of the hard 
beds. The cliffed borders of plateaus and of canyons 
are likewise determined by hard rocks. In fact, the 
dominance of cliffs in the landscape is a reflection o£" 
the topographic influence of rock composition. Hard 
beds determine the broadly level plateau surfaces; 
where they are gently inclined, the surface is similarly 
inclined; and where they dip steeply the topography 
is mainly controlled by the sloping surface of the beds. 
Monoclines are represented jn the topography by hog
back ridges or by prominent lines of cliffs that are de
veloped on the harder rocks. The surface exposures 
of weak beds are in .general characterized by slopes or 
by gently undulating topography. Where the weak 
formations are disintegrated, by weathering and by the 
corras~on of streams they strongly affect the configu~a
tion of valleys and the posi~ion of drainage lines. 
The relative thickness and position of the hard and 
soft ~e¢ls involved in t~le ~aunsaugunt fault has con
troll.ed the development of erosion forms in the upper 
Paria Valley. · · : · ' ... 

The influence of geology on topogr·aphy, inchiding 
such .~tructural featu~es as joint1~g, stratification, and 
cross-b.eQding~ i~ shown' by the manJ?.er of the weather
iilg of differen~ st~~tigraphic·. unit~:· The iolio'wh1g 
will serve as. ~xaJjlples: .. . ~. · 

The Dako.ta( ~) sa~dsto.ne, .though of no great thick
ness, is exceptionaliy resistant t~ erosion, and 'where 
it .is com~ined with the underlying Morrison it makes 
many.pr9miri.ent platf~rms.that are bordered by.h!gh;· 
almost vertical walls and crossed by' sharp-cut narrow 
canyons Along much of the southwest flank o{ the 
Kaip~rowits Plateau a· Dakota( ?)-capped ber:tch is· 
almost continuous. In places 'it is but a few hundred 
feet broad, but in the vicinity. of Last Chance and 
Rock Creeks the rocks that overlie the Dakota ( ~) 
have been stripped back several ··miles and have 
formed Grand Bench-a gr~at broad platform that. 
terminates southward in cliffs nearly a thousand feet 
high. The Dakota ( n forms ~ hogback in the East· 
1\:aibab monocline (pl. 19, B) and caps low benches 
around Henrieville. On the east face of the Kaiparo-
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wits Plateau the Dakota (?) with the underlying 1\'Ior
rison forms a persistent bench that rises 200 to 600 
feet above the adjacent lowland and extends 1 to 4 
miles outward :from the base of the higher cliffs. 

Like the Dakota (?), the Shinarump conglomerate. 
is represented in the topography by benches that are 
revealed by the stripping away of the less resistant 
overlying beds. In the Lees Ferry region the con
glomerate serves as the cap for the persistent Moe~
kopi Cliffs. (See pl. 8, A.) In the Cir:cle Cliffs it 
:forms an inward-facing escarpment that is clearly . 
differentiated from the higher cliffs and to it is due·· 
the preservation of the high mesas that overlook much 
of the surrounding country. (See pl. 7, B.) 

The Todilto ( ~) combined with the underlying Win
gate sandstone · :forms prominent benches in places 
where the overlying Navajo sandstone has . been 
stripped away. In the Circle Cliffs these :formations 
constitute a bench that defines the character of the 
topography on the border of the central depression. 
On the south and north, where the beds are nearly 
horizontal, the summit of this bench is nearly level. 
On the :west and southwest, where there is a distinct 
inclination to,vard the Escalante River, strongly. 
marked dip slopes occur at the top of the Todilto ( n 
:formation. (See pl. 22, 0.) Owing to radial drain
age, consequent on the structure, spurs of this rock 
bench project alo.ng interstream divides toward the 
inner depression, and in a number of places where 
these spurs are partly broken do.wn tJ:wre are isolated 
buttes and towers. 

The hard massive Wingate sandstone is affected by 
vertical jointing, which so controls the weathering of 
this formation that. it forms uneven bout practically 
continuous palisade-like cliffs. (See pl. 8, B.) In 
places slender projecting .spires or needles of this 
rock have been defined by joint planes. The :formation 
is cross-bedded, but because of the dense texture of 
the rock and its strong cementation the cross-bedding 
has practically no effect on the weathering· of the 
sandstone or on the resulting :forms. The overlying 
Todilto( ~) formation. is an irregularly lenticular, 
rather thin-bedded sandstone, which weathers char
acteristically i.n wide slabby benches. Individual 
layers of this formation are not notably softer than 
the Wingate, but the thinner uneven bedding associ
ated with a few thin shale zoiles has a most striking 
effect on topographic expression at the outcrop of this 
unit. The succeeding Navajo sandstone is very mas
sive and is traversed by few joint planes but is very 
prominently cross-bedded. The formation weathers 
characteristically in great sheer cliffs, rounded sur
faces, domes, wigwams, and similar :features, in which 
the wide-spaced jointing, extremely massive bedding, 
and irregularities of texture incident to cross-bedding, 

together with relatively weak· cement, control the 
topography at its outcrop. (See pis. 4, D j 27, 0.) 
The differences in these three sandstones are very char
~cteristic and are persistently observable in the 
topography. 

RELATION OF VALLEY FORM TO ROCK HARDNESS 

The geologists of the Powell Survey repeatedly 
called attention to the influence of rock hardness on 
the gradient and form of valleys in· the plateau prov
ince. This causal relation is indeed so remarkably 
close that .with a general knowledge of the stratig
raphy it is possible to predict the type of canyon in 
the area. In crossing one of the great rock platforms 
the explorer soon learns to select his route with ref
erence to the extent and location of thin-bedded and 
thick-bedded formations. Even though no canyons 
are visible in a general. view, experience teaches him 
that areas of Chinle, Carmel, Tropic, and l(aiparowits 
b~ds offer no serious obstacles to travel, that expanses· 
of Moenkopi can be traversed without extensive de
tours, but that :few routes across the Navajo, Dakota 
(~)-capped Morrison, Straight Cliffs, Waliweap, and 
Wasatch formations are practicable. To reach the 
opposite side of a narrow canyon in the· Navajo sand
stone may require a day of roundabout travel. Access 
to its floor may be impossible except by the use of 
ropes. Where hard rocks are exposed the· gradient is 
steep and the valley is narrowly inclosed by precipi
tous walls;. where soft rocks crop out, the gradient 
is ·gentle and the valley is open and has flaring sides. 

The Kaiparowits region furnishes many illustra
tions . of the marked contrast in the readiness with 
which hard rocks and soft rocks yjeld to the attack 
of erosion. 

. VALLEYS IN SOFI' ROCRS 

The relative hardness of rocks not only controls the 
development of. the main topographic features but 
also very largely affects the manner of erosion by 
streams and accounts for the wide-stripped platforms 
that border Glen Canyon, the Escalante River, and 
other streams. Like the Tonto platform, which is 
developed on resistant Cambrian beds, and the " Es
planade," which is developed on the Supai forma
tion of the Grand Canyon and Kanab Creek, the Glen 
Canyon platform, which has been made by stripping 
:from the Navajo sandstone the weak overlying shale, 
is but the expression of the relative strength of the 
rocks; no earlier. cycle of erosion is involved. (See pl. 
21, 0.) The weaker rocks tend to form slopes and to 
hasten the disintegration of the associated hard rocks; 
they also uniformly invite the main attack of stream 
erosion in the development of lowlands and valleys. 
Practically all exposures of soft rocks are therefore 
marked by more or less broad lowlands and valleys. 
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Fairly straight long valleys are earved in the up
turned weak formations of the rock series that is in
volved in monoclinal folding. Thus Halls Creek is 
developed in the weak Upper J n I.' as sic and Creta
ceous shales of the W aterpock~t monocline ; ?ine 
Creek, in the Upper Jurassic of the Escalante mono
cline and Cottonwood Creek, in beds of equivalent age 
that are involved in the East Kaibab monocline north 
of the Paria River. The House Rock Valley owes its 
position to the erosion of soft Moenkopi and Chinle 
formations, where these are brought to the surface by 
the East Kaibab fold. · 

The form as well as the location of these monoclinal 
Yalleys is obviously contro}led by the structure and 
hardness of the rocks. Where the dip of the rocks 
is steepest, and the width of the soft-rock belt cor
respondingly narrowest, the valley is likewise narrow
€st, and where the dip is gentle the width of the 
valley or lowland is correspondingly increased. A 
deviation in the strike of the rocks is accompanied by 
a deflection in the position of the valley. 

Where a stream traverses the outcrop of a zone of 
gently inclined or essentially flat weak strata, the 
width of the valley and the slope of its walls are de
pendent 1nainly on the size of the stream. Along 
larger drainage lines the already wide valley is com
monly made still more open by the entrance into the 
soft-rock belt of several tributary valleys. The Esca
lante River above Escalante, the Paria River below · 
Cannonville and near old Adairville, and several other 
main streams are examples. The saucer-like Butler 
Valley, in soft shaly San Rafael beds; the Round and 
Horse Valleys, in the Tropic shale southeast of Can
nonville; and Sheep Flat, southwest of Cannonville, 
are broad, flat-bottomed, round valleys· carved in soft 
rocks by a fan-shaped drainage system, the component 
pa.rts of which are separated by divides too low to be 
noticeable. The broad, flat-floored bowl carved in the 
Cretaceous shale at the head of the Paria near Tropic 
is an exceptionally large· "round valley." 

In parts of southern Utah areas of soft rock are 
<;arved by streams into intricate badlands. 

In the J(aiparowits region most of· the channels of 
the streams in soft rocks are broad, shallow, flat-sided 
and moderately straight. During the times of ordi
nary flow the streams in them have an insignificant 
volume, and they" commonly wind from side to side in 
channels that are too broa.d for their needs. During 
floods the whole channel is occupied by debris-laden 
water, and the stream is then much greater in width 
hut shallower in depth than in adjoining hard-rock 
sections. Because of the wide cross section, erosion is 
less effective on the bottom of the channel, but there 
is a tendency to straighten the channel by wearing 
away projecting points. An irregular, highly mean-
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dering course seeins to be abnormal under these 
conditions. 

VALLEYS IN HARD ROCKS 

In the Kaiparowits region areas of hard rocks are 
associated with narrow, very steep-sided canyons. 
The width of the stream channel is markedly reduced 
a.s compared with that in adjoining stretches of soft 
rock. The dominance of valley deepening over the 
gradual wearing down of the canyon sides has led to 
the cutting of the extremely deep, slitlike chasms that 
characterize the landscape· of many parts of the pla
teau province. Some valleys tributary to the Colo
rado, to the Paria, and to the Escalante are severa] 
hundreds of feet deep but not more than a dozen feet 
wide at the bottom. 

VALLEYS IN HARD AND SOFT.ROCKS 

Where the side walls of a valley consist of alter
nating hard and soft s~rata there is a corresponding 
alternation of strong with weak cliffs and of steep and 
narrow with wide and gentle slopes. The shape of the 
valley in cross section is determined by the relative 
thickness and position of the hard and soft strata that 
are exposed, and changes appear systematically in dif
ferent part$ of a stream course, dependent on the 
differences in the rocks above the stream channel. 
This distinctive physiographic character in the form 
of valleys of the plateau country was very well 
described by Powell 8 and Dutton 4 and more recently 
by Davis.G 

Where local relief is great, weak rocks with inter
bedded hard layers may be carved into an amazingly 
intricate labyrinth of deep, narrow canyons, separated 
by. irregular, in many places grotesquely sculptured 
knifelike divides. Where they are tinted vividly by 
varied colors, these valleys present very striking 
scenic attractions. Bryce Canyon shows these fea
tures in marvelous fashion. 

EFFECT OF MONOCLINAL RIDGES 

Essentially similar topographic features character
ize all the monoclinal folds of the Kaiparowits region. 
(See p .. 118.) Elongate ridges are formed by the hard 
rocks; long, narrow valleys are excavated in the soft 
beds; and each of the ridge-forming units presents 
an individual set of minor topographic characters. 
The Cretaceous sandstones commonly make very sharp
angled, serrate hogbacks· not uncommonly crested 
with a projecting narrow comb that is inclined in the 

a Powell, J. W., Exploration of the Colorado River of the West and 
its tributaries, pp. 202-211, Washington, 1875. · 

'Dutton, C. E., Tertiary history of the Grand Canyon district: U. S. 
Geol. Survey Mon. 2, pp. 250-260, 1882. 

IS Davis, W. M., An excursion to the Grand Canyon of the Colorado: 
Hnrvat·d Coli. Mus. Comp. Zoology Bull., vol. .28, p. 40, 1901. 
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direction of rock dip. (See pl. 19, B.) The massive 
Navajo sandstone forms a lofty ridge with rounded 
outlines and irregular tumid swellings; its bare slop- . 
ing back is deeply grooved ·by lateral canyons; and 
its upturned edge forms nearly sheer, unbroken cliffs 
or weathers with gigantic bouldery irregularities. 
The. Wingate and· its Todilto ( ? ) cap forms a com
pact sharp-angled rocky ridge, and the dip slope of 
its upper surface is broadly smooth. The thin Shin
arump conglomerate forms a narrow hogback ridge. 

The Waterpocket monocline is marked on its east 
side by prominent hogbacks that are developed on the 
hard formations and by longitudinal intervening 
valleys. (See pl. 19, A.) Halls Creek occupies a 

. monoclina·l valley that has been carved in the weak 
rocks of the W aterpocket flexure and follows its trend. 
North of the low Bitter Creek divide the same struc
tural valley is used by a northward-flowing tributary 
of the Fremont. The width of the valley depends on 
the thickness and angle of inclination of the· weak 
Upper Jurassic beds, and as the dip decreases near the 
Colorado River, the valley becomes wider there than 
it is farther north. In two or three places, most 
notably at a point below the mouth of Muley Twist 
Creek, Halls Creek turns aside from its comparatively 
wide, open valley in soft rocks and plunges into a 
narrow, deep canyon in the hard Navajo sandstone. 
These departures from the easy pathway clearly mark 
local failures of the creek to adjust its course by shift
ing laterally in· the zone of inclined soft rocks. (See 
pl. 24.) South of the Bitter Creek divide the Water
pocket Fold is practically unbreached below the top 
of theN avajo sandstone until the locally dissected area 
along the Colorado River is reached, and throughout 
this length of nearly 40 miles the upturned sandstones 
form a topographic barrier that can be crossed in only 
a very few places. The sheer walls of the Wingate 
sandstone cliffs are quite unscalable, and there are few 
openings through the Navajo. The only practicable 
passageway through the fold is afforded by the deep, 
narrow canyon of Muley Twist Creek, which cuts at 
right angles across the upturned Navajo in a tortuou~ 
defile in· pla~es not much wider tha.n a w~gon. (See 
pl. 23, B.) About 6 and 12 ·miles, Tespectively, north 
of the Muley Twist Gap it is possible with some care to 
get a horse down the steep slope on the top of the 
Todilto ( ? ) rocks and through n~rrow, stream -carved 
gaps in the Navajo sandstone, but these passagewayo 
are hazardous. Near the Colorado River many short 
valleys rise on· the east steep flank of the fold and 
extend to Halls Creek. Streams on the gently inclined 
west flank .flow in deep, narrow gorges to the Escalante 
River. 

The Circle Cliffs owe their interesting topographic 
features to weak Triassic rocks and structural dips. 
Most of the streams flow in a direction that coincides 

with the dip of the rocks, but some follow the outcrops 
of one of the weak formations parallel to the strike. 
The head portions of the streams are open, and the 
divides between them are not prominent, but the lower 
portions are narrow, deep canyons. (See pl. 23, A.) 
So clearly is the topography and drainage of this area 
controlled by geologic structure and rock hardness that 
there is no trace of a possible former drainage that 
was unrelated to the attitude and character of the 
Mesozoic rocks. If Tertiary beds once covered this 
area, as can not be doubted, all vestige of streams that 
flowed on the Tertiary surface has disappeared. 

The bench that overlooks the Colorado River at the 
south end of the 'Vaterpucket Fold is developed on 
the TodiHo (?) and vVingate sandstones at a place 
where the Navajo sandstone has been stripped for a 
space of several miles. The surface of this bench de
scends to the level of the river in harmony with the 
eastward-dipping beds of the monoclines. 

The effects of the Echo monocline are shown in the 
surface slopes of the Paria Plateau. In line with 
this fold the summit of the plateau descends sharply 
several hundred feet eastward. South of Cottonwood 
Springs, on Wahweap Creek, this broadly rounded 
slope is clearly seen descending along the top of the 
Navajo sandstone to a longitudinal valley that has 
been cut in the softer overlying beds. Northward 
along Wahweap Creek the flexure is marked by hog
back ridges in the. Cretaceous sandstone. The sur
face of the plateau inclines generally northward, and 
the bench that forms the. top of the White Cliff is 
but a continuation of the bench that has been formed 
by the surface of the Paria Plateau, from which it 
is separated by the East Kaibab monocline. Both 
these gigantic platforms owe their form and position 
to the relative hardness of the Navajo sandstone and 
to the regional slopes that have been produced by 
moiwclinal flexures. 

The East Kaibab monocline is represented in the 
topography by very conspicuous hogbacks forn1ed by 
the sharply upturned Mesozoic sandstones along the 
Paria River and Cottonwood Creek (pl. 19, B), by 
the House Rock Valley', which is carved in weaker 
rocks, and by the arched crest of the north end of 
the Kaibab Plateau. The resistant Kaibab limestone 
rises steeply from the House Rock Valley as a broad, 
smoothly curved surface and continues westward as 
the enormous flat arch of the l(aibab Plateau-struc
turally the Kaibab upwarp. The surface has the form 
given to it by tectonic movements. 

Like the other folds of the Kaiparowits'region, the 
East Kaibab monocline is a prominent topographic 
barrier, second only to the deep canyons. Travel is 
easy along the subsequent valleys that have been de
veloped in the soft rocks but is almost impossible at 
right angles to the trend of the monocline. The only 
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pnssnge through the hogbacks that presents no special 
difficulties is near the abandoned village of Paria, 
where the Pnria Rivetl has cut an oblique channel 
through the upturned hard rocks. (See pl. 26, B.) 
)Vith some difficult climbing at one point, it was pos
sible to cross the fold by ascending the canyon of 
Sand )Vash. About 20 1niles north of Paria a cir
cuitous, consi ricted passageway, known as "the Gut," 
may be followed by a saddle .horse or pack animal 
and is used at times by stockmen in traveling from 
IIenrieville and Cannonville to the Wahweap country. 
Near Canaan Peak, where the eroded surface of the 
East ICaihab monocline is unconformably overlain by 
the Eocene sediments, the country is particularly 
rough. 

RELATION OF STR•EAMS TO STRUCTURE 

1\1any small streams and some large streams of the 
ICaiparowits region are obviously adjusted to the 
structure. llalls, Pine, and Cottonwood Creeks oc
eupy valleys that have been developed in weak strata 
on monoclinal folds. In the Circle Cliffs dome the 
streams flow radially outward down dip slopes, and 
from the crest of theW aterpocket Fold streams follow 
tilted strata to Halls Creek and to the Escalante River. 
The East Fork of the Sevier River flows northward 
in nccord with the inclination of the beds that com
pose the Paunsaugunt Plateau. vVahweap, 'Varm, and 
Last· Chance Creeks, nlthough they flow in a direction 
opposite to the clip of the beds, occupy shallow syn
clines. Some streams follow the slope of hard-rock 
platforms, and many of them have established short 
subsequent courses along the strike of easily eroded 
flat-lying or tilted beds or even on the .crests of mono
clinal folds. 

But although much of the minor drainage is locally 
well adjusted to structure t11e larger streams are re
markably independent of structural control. They 
flow in nnd out of cliffs, cut through mesas, transect 
monoclines, cross fa,ults from the downthrown to the 
11pthrown sides, and make their way through tilted 
strata without regard to the direction of eli p .. 

The Colorado River crosses th~ Waterpocket flex
ure without evident deviation and crosses the promi
nent Echo monocline almost at right angles and 
against the clip of the rocks. The Escalante River 
plunges .directly through the prominent Escalante 
monocline n,nd farther down its course has intrenched 
itself midwn,y up the structural slope that extends 
from the 'Vaterpocket monocline to the cliffs of the 
J(aipa.rowits Plateau. The Paria River flows south
\vard almost opposite to the regional clip of the rocks 
and then turns slightly eastward and crosses at an 
oblique angle the sharply upturned beds of the East 
ICaibab monocline and nearer the Colorado River 
a.gnin flows practically against the inclination of the 

rocks. If the Escalante River were lontrolled by 
structure it should follow the belt of weak rocks in 
front of the Straight Cliffs, and the Paria River 
would have been spared the prodigious task of trench
ing the East Kaibab monocline and the Paria Plateau. 

Powell, Gilbert, and Dutton repeatedly call atten
tion to the discordant relations of the tributaries to 
the Colorado. Dutton 6 says: . 

They rush into h cliff or into a ri§ing slope of the strata 
as if they were only banks of fog or smoke. It matters not 
which way the strata clip, the streams have ways of their 
own. 

This seemingly strange behavior was interpreted as 
evidence of antecedent drainage. Concerning the 
Green River and its tributaries that are intrenched in 
the folds of the Uinta Mountains, Powell 7 says: " The 
streams were there before the mountains were made 
* * * The elevation of the fold was so slow that it 
did not divert the streams." 

Dutton 8 thought that the Colorado drainage was in
herited from a system of streams established on Ter
tiary strata which became folded and faulted at so 
slow a rate that the position of channels was little dis
turbed. The streams were antecedent to Tertiary up
warps, and the removal by erosion of Tertiary, Creta
ceous, and Jurassic beds brought the drainage system 
to its present position without changing its pattern. 
On this interpretation the drainage of the ICaiparowits 
region might be described as superposed antecedent. 
Dutton says: 

The whole province is a vast category of instances of river 
chnnnels where they never could have run if the structural 
features had in any manner influenced them. What, then, de
termined the present distribution of the drainage'? The answer 
is that they were determined by the configuration of the old 
Eocene lake bottom at the time it was drained. Then, surely, 
the watercourses ran in conformity with the surface of the 
uppermost Tertiary stratum. Soon afterwards that surface 
hegan to be deformed by unequal displacement, but the rivers 
had fastened themselves to their places and refused to be 
diverted. 

Dutton recognized, however,9 that the Waterpocket 
and . Escalante monoclines are of pre-Tertiary age; 
their beveled strata are overlain by Eocene sediments. 
l-Ie explained this " anomaly " by assuming that erosion 
prevailed in a part of the plateau province while 
deposition elsewhere was continuous. Gilbert10 tenta
tively expressed the opinion that the Echo Cliffs flex
ure determined the course of the Paria River, but 
later concluded that "there is no ground for the 

o Dutton, C. E'., Heport on the geology of 1he High Plateaus of 
Utah, p. 487, U. S. Geog. and Geol. Survey Rocky l\:ltn. Region, 1880. 

7 Powell, J. W., Exploration of the Colorado River of the West, 
p. 162, 1875. 

s Dutton, C. E., Report on the geology of the High Plateaus of Utah, 
p. 17, U. S. Geog. and Geol. Survey Rocky 1\Itn .. Region, 1880. 

o Idem, p. 288. 
10 Gilbert, G. K., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept:, 

vol. 3, p. 76, 1875. · 
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opinion that the courses of Kanab and Paria Creeks 
were in part determined by antecedent folds." In a 
note written still later 11 he said : 

The observations that form the IJasis of these reports were 
hurried in the extreme. The writer, for the most part, ac
companied field parties which were specially equipped. for 
rapidity of moven~ent and were crowded to the utmost. More
over,_ in a country almost. unmapped. the demand for geo
graphical information '~as more urgent than for geological, 
and all plans and routes were accordingly, and with propriety, 
shaped to give the topographer the best opportunities con
sistent with rapidity of movement, while the geologist gleaned 
what he could by the way. To study the structure of a region 
under such circumstances was to read a book while its pages 
were quickly turned by ::mother, and the result was a larger 
collection of impressions than of facts. That many of these 
impressions· should be erroneous was inevitable, and no one 
.can be more conscious than I of the fallibility of what I 
have written. Still I am far frcim counting my labor lost; 
for the best presentations that have been given of westem 
geology are not free from error, and I certainly have most 
honorable company in my imperfection. 

More than a year has elapsed since the manuscript left my 
hands, and in that time I have again visited Utah. Partly 
as the result of my new work, and partly by facts which have 
been developed by others, I have been induced to change 
some of my ideas, and I avail myself of this occasion to make 
a few retractions. 

On page 132, basalt is erroneously reported to occur near 
the town of Salina, Utah. 

On page 44, it is stated that an orographic disturbance oc
CUlTed in the northwest part of the plateau province "befon' 
the deposition of the Cretaceous." The unconfo~mity. which 
I observed I now know to have arisea after the deposition 
of the Cretaceous. 

On page 116, the opinion is expressed that artesian water 
might be found along the eastern base of the Pahve t .Range. 
Mr. Powell has since discovered a fault in the strata of th\:! 
locality which greatly diminishes the probability. 

It is asserted on pages 129, 130, and 525 that the San Fran
cisco lava field is continuous with the great lava field of New 
Mexico. The notes of Dr. Loew show that this is not so. 

'!'here is no good ground for the opinions advanced en pages 
76 and 81 that the courses of Kanab and Paria Creeks were 
in part determined by antecedent folds and that the Aubrey 
Cliff as a topographical feature antedates the Grand Canyon. 

The unhappily large number of typographical errors in Part 
I are due in part to the fact that I was absent in Utah during 
the proofreading and did not see the pages until they. had 
been stereotyped. In these few copies that I distribute myself 
I have corrected many of the errors in the ·margin. I haYe 
also restored in part some words and sentences that were 
suppressed in the manuscript after it passed my hands. 
.Certain of the restored pas~nges are necessary to the under
standing of the context, and others are needed to prevent the 
impression that I disregarded through ignorance or discourtesy 
the work of other geologists. 

It is difficult indeed to imagine the conditions under 
which the observed relations of deformed Cretaceous 
beds that unconformably underlie horizontal Tertiary 
beds can be accommodated to the supposed antecedent 
origin of the Colorado drainage system. There is no 

· 11 Idem, prefatory note in copies of vol. 3 per~onally distributed by 
Mr. Gilbert. 

reason to doubt that Tertiary beds once covered all 
of the l(aiparowits region and extended far beyond 
its borders and also that the great upwarps and mono
clinal folds are not only pre-Tertiary but were eroded 
to a surface of low relief before the deposition of the 
Tertiary beds. The known disturbances of the Ter
tiary beds consist of faults which postdate Eocene sedi
mentation and which probably developed after Ter
tiary and perhaps alsd Cretaceous and, Jurassic beds 
had been removed from some areas north, south, and 
east of the Color~do River. The antecedent origin of 
the Colorado drainage system as described by the geol
ogists of the Powell Survey is therefore highly 
improbable. It seems more probable that the Colorado 
and its main tributaries were established ~n a former, 
very widespread surface of Tertiary rocks. If the 
drainage was established as a consequent system on 
this old Tertiary ~mrface the Colorado and its tribu
taries, on cutting into the older rocks, would. 
obviously find themselves superposed indifferently on 
whatever formations and structural features chanced 
to underlie the Tertiary. 

Even though the larger streams in the Kaiparowits 
region may in part owe their position to superposi
tion of an original consequent system that was de
veloped on Tertiary beds, their present trends and 
habits are adjustments to one or more surfaces of 
erosion of much later date. Remnant peneplains and 
abandoned meanders indicate an erosion surface of 
very low relief that bordered the main drainage chan
nels and extended to some distance beyond. (See pp. 
133-135.) On this erosion surface the Colorado River 
and its main tributaries could have been retained or 
established in essentially the position that they now 
occupy. If irregularities due 1 o differences in rock 
hardness had been obliterated, the drainage lines es
tablished would be unadjusted to the underlying rock 
structure. When subsequently the region was up
lifted and the streams began actively to deepen their 
valleys, the small, weak streams woul_d be guided by 
struci ure, but the large, strong streams might retain 
their positions across obstacles that chanced to lie 
in their paths. Such superposition would presumably 
account for the existing discordance of streams and 
structure and for the resulting physiographic features. 
. To use Gilbert's term, the streams are "superimposed 
by planation." 

EXTENT AND RATE OF EROSION 

The extreme ruggedness of the Kaiparowits region 
is due primarily to sculpture by streams. The lofty 
1nesas and buttes have been carved out of extensive 
high-level plateaus, not lifted by locally active forces. 
The relief is a record of downward departures rather 
than upward departures from a former general sur
face. The ·amount of material removed by strean1 · 
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carving, however, is enormous; thousands of feet of 
rock have been stripped from a region tens of thou
sands of square miles in area. But the parts remain
ing are even greater than the parts removed ; the 
amount of denudation yet to be accomplished in the 
present cycle far exceeds that already completed. 

The present local base-level of erosion for streams 
in the Kaiparowits region lies at the head of Marble 
Gorge, where hard limestone greatly retards the down
cutting of the Colorado River. Because of this bar
rier the river in Glen Canyon is no longer actively 
deepening its bed and seems unable to remove the rock 
waste that it has accumulated along its margins. The 
]_Jrofile of the Colorado River through Glen Canyon 
und Marble Gorge is but a large-scale illustration of 
the adjustment to rock hardness that is shown by 
most' streams of the Kaiparowits region. 

As an aid in producing land waste, the Colorado 
River in its course between Hite and Lees Ferry exerts 
small influence, and until its load of waste is signifi
cantly lessened or Marble Gorge is deepened, it is 
likely to remain in that position. But the tributaries 
of Glen Canyon are not thus handicapped. Their 
gradients are steep, many of them precipitous; the 
floods that occur many times ea{!h year give them 
special strength. At present they are not only carry
ing the enormous amount of waste brqught to them· 
by smaller streams, but in many places they are deep
ening their channels and removing materials that 
were deposited during a former period of aggrada
tion. Denudation in the Kaiparowits region is.prob
ably proceeding as rapidly as in any other part of the 
plateau province. and more rapidly than in most 
humid regions. If the present favorable climatic 
conditions continue these relative rates seem likely· to 
prevail throughout the present cycle of erosion. 

EROSION SURF ACES 

REGIONAL DISTRIBUTION 

On the Uinkaret, Shivwits, Kaibab, and Coconino 
Plateaus Dutton discovered remnants of old gently 
graded erosion surfaces which bevel across Permian 
beds-hard rocks and soft rocks alike-and which 
have been preserved by a protecting cap of basalt. 
This evidence of ancient cycles led to the significant 
generalization that before the beginning of the cut
ting of the present Grand Canyon and the other deep 
canyons of the region the plateau district was reduced 
essentially to a base-level of erosion and that the pres
ent cycle of active canyon sculpture was ·initiated by 
f1 pronounced uplift that strongly rejuvenated the 
streams. Dutton 12 says: 

u Dutton, C. E., Tertiary history of the Gmnd Canyon district: 
U. S. Gcol. Sut·vcy Mon. 2, pp. 223-224, 1882. 

At the epoch when the cutting of the present Grand Canyon 
began, no doubt the district at large presented a very different 
aspect from the modern one. The fact that the older basalts, 
wherever found, rest upon the same geological horizon, viz, the 
summit of the Permian, suggests to us the further inference 
that the region near the river was then fiat and destitute of 
deep canyons and valle~·s, such as now exist there, and therefore 
destitute of great hills, buttes, or mesas. The meaning of this 
is a base-level of erosion. The rivers could not corrade, 
because they had reached, for the time being, their limiting 
depth in the strata. The work of erosion would then be con
fined to leveling the sculptural inequalities without the power 
to produce new ones or to augment the·relief of old ones. 

In addition to the peneplain remnants in the pJa
teau province described by Dutton, others have been. 
mapped by Huntington and Goldthwait,13 Robinson,14 

and Gregory 15 and incidentally mentioned by others. 
Some of these erosion surfaces have been developed in 
Permian beds, others in Triassic beds, and the Hopi 
Buttes peneplain bevels successively Cretaceous, Juras
sic, and Triassic beds. Although they stand at differ
ent altitudes between 4,000 and 7,000 feet, some of 
these fragmentary surfaces are probably comparable 
in age and history. In the Kaiparowits region old-age 
erosion surfaces appear at several places-conspicuous 
features in an are.a of vigorous youthful erosion. 

CANNONVILLE EROSION SURF ACE 

In the upper Paria Valley the little Mormon .town of 
Cannonville is surrounded by extensive remnants of 
an old erosion surface that planes smoothly across 
hard and soft Upper Jurassic and Cretaceous beds. In 
most places this erosion surface has a rather pro
nounced angle to the bedding of the stratified rocks. 
East of Henrieville and :Q.ortheast of Tropic there are 
broad, -little-dissected remnants developed on the soft 
Tropic s~ale. (See pl. 25, B.) A mantle of coarse, 
well-rounded water-borne materials protects the under
lying weak rocks and has aided materially in preserv
ing portions of the graded plain. Near Cannonville 
the erosion . surface intersect~ the basal part of the 
soft shale and the hard sandstone at the bottom of 
the Cretaceous. To the west, overlooked by the high 
cliffs of the Paunsaugunt, the divides between the 
streams that are cutting actively headward into the 
High Plateaus are even-topped and very gently. in
clined toward the Paria. 

In many places a lower surface is marked by a 
prominent bench that is subparallel to the upper ero
sion surface and about 200 feet lower. It is well 
developed in the Cretaceous shale area east of Tropic. 

13 Hun.tington, Ellsworth, and Goldthwnit, J. W., The Hurricane 
fault in the Toquerville district, Utah : Harvard Coli. Mus. Comp. 
Zoology Bull., vol. 42, pp. 226-237, 1904. 

a Robinson, H. H., '.rhe Tertiary peneplain of the Plateau district 
nnd adjacent country in Arizona and New Mexico: Am. Jour. Sci., 4th 
ser., vol. 24, pp. 115-118, ·1907. 

111 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Sur
vey Prof. Paper 93, pp. 120-122, 1917. 
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· · .N kar Cannonville th~· erosion surface has an altitude 
_.'of. :ab~ut 6,000 to 7,5oo feet. I~ it the Paria River 
:·and. its tributaries have carved valleys 300 to 1,000 
·feet in depth and are rapidly cutting deeper. North
'wai·d and westward along divides that luive not yet 
been sharpened by recent erosion, the erosion sur-

... face conti:ques as a fairly gentle slope that leads up 
to .the summit of the higher plateaus. The borders of 
the Tertiary plateaus were doubtless slowly receding 
as the erQsion surface was developing, but the slopes 
that surround the broad valley plains appear to haYe 
Leen rather well though steeply graded. The more 
active cutting, which was due to uplift of the region 
and rejuvenation of the streams, has merely served to 
sharpen the cliff profiles and to accelerate the, retreat 
of the cliffs. 

Southward the remnants of the Cannonville erosion 
surface 1nerge with the gentle back slope of the mas
sive sandstone that forms the "\Vhite Cliffs. At the 
time when this surface formed the floor of the upper 
Paria Valley the 'Vhite Cliffs escarpment rose hun-

. dreds of feet above the plain, and the Paria River 
crossed the sandstone in a moderately, narrow valley, 
probably not unlike the present canyon except in 
depth.· The outline of the White Cliffs has doubtless 
been somewhat modified, but there does not appear 
to have been much recession of the cliffs during the 
recent stage of active erosion that is now continuing. 

Nearer the Colorado River, where traces of an older 
topography have been largely obliterated, it is not 
possible to recognize with assurance a former exten~ 
sion of the Cannonville surface. The gradient of the 
present Paria River is 1nuch ·steeper than that of the 
Cannonville stage, and accordingly, on approaching 
the Colorado, rmnnants of this older erosion surface, 
if present, would be at proportionately greater heights 
above the present valley floor. Some· of the hard-

. rock surfaces of the plateaus northeast of the Paria 
River and of the Jurassi<; sandstone ):'idge along the 
East Kaibab fold exhibit suggestive traces of an older 

. topography above 5,500 feet. On the· hard-rock sur
.·· f·ace of the Kaibab Plateau the topography is notably 
:~ore mature than that on the lower slopes along the 
' liouse Rock Valley, :and r(minants of erosion surfaces 
bevel the softer rocks on the flanks of the East Kaibal> 
uplift and extend i:ri ·some places far out toward the c 

Marble Gorge. 

SVRFACE OF, KAIPAROWITS PLATEAU 

.Ip a·, regional s~nse the Kaipar-owits Plateau is a 
·:.thick· mass. of .Jurassic and Cretaceous sedimentary 

1 rocks-:-the remnant of a ma~s that. once extended 
· ··thro~ghout. southeastern Utah .and into neighboring 
. ,$t~.tes. Its .preservation is <;lue · to its position in a 
shallow syncline and to the resistance of its capping 
Cretaceous sandstone. In general its surface is con-

formable with the attitude of its component rocks, but 
in places it is out of accord with the structure. Near 
Canaan Peak, at an altitude of about 6,500 feet, lie 
remnants of a smoothly graded erosion surface devel
oped on the inclined beds of the weak sandstone and 
sanely shale of the Kaiparowits fohnation and cutting 
across harder and softer beds alike. Fron1 this sur
face gentle slopes lead evenly upward to the Tertiary 
limeston.e of Canaan Peak and thus duplicate the 
relations near Cannonville (p. 133). To the south and 
southeast the graded erosion surface Inerges with the 
broad, smooth slope of the "\Vahweap sandstone, which 
here has little relief. Migrating divides appear at 
several places where the headwaters of Last Chance 
and "\Vahweap Creeks,· favored by steep gradients, 
are eating away the older topography. . 

The surface of the southeastern part of the J(aiparo
wits Plateau is distinguished topographically by open 
valleys and gentle slopes, together with some sensibly 

. flat areas. Though some of the broad stream channels 
are deep, none of them reach the bottom of the capping 
sandstone. The topography as a whole semns dis
tinctly more mature in this part than in other parts of 
the plateau surface. The upstream parts of 1nany of 
the older valleys hp. ve been beheaded and their lower 
parts greatly steepened or cut off by erosion on the 
flanks of the plateau, indicating a considerable slHink
age in the size of the former graded . upland. Ob
viously these features afford evidence of an old erosion 
surface. · 

The gently graded surface near Canaan Peak ac
cords in general altitude and topography with the 
erosion remnants along the Paria. The so mew hat 
rugged but maturely dissected topography of the 
southeastern part of the J(aiparowits Plateau is prob
ably a part of the same old topography, and the 1nore 
strongly developed relief is due to proximity to the 
Colorado, which i~ the master stream for both areas . 

SURFACE OF PAUNSAUGUNT PLATEAU 

The surface of the Paunsaugunt Plateau is gently 
concave. The bordering rim is unifor~ly higher than 
the central part, and the drainage is radially inward 
to the perennial East Fork of the Sevier River, which 
occupies the axial position. In direction of flow the 
n1ain· stream ~nd its trihutaries conform with the gen
eral inclination of the "r<;>cks. 

In' contrast to _the deeply carved canyons of streams 
beneath the Pink 'Cliffs, the smnmit topography of the 
Paunsaugunt consists . of mature slopes ·and gentl~r 
graded flats. Land sculpture, so far as 'it can be ac
complished by the gently sloping East Fork and its 
tributaries, has advanced far. 

:ijetween Red Canyon and Castro Canyon certain of 
the divides that separate the southeashvard-flowing 
tributaries of the Sevier have a gentle soutlnvard slope 
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that appears to mark a former graded erosion st;trface, 
and ,in places well-defined remnants of a graded slope 
lie between this upper one and the bottoms of the pr:es
ent stream valleys. Erosion by Castro Canyon has 
beheaded in a very interesting manner several of these 
southward-sloping tributaries and has cut off also the 
smooth interstrea.n1 slopes from their continuation on 
the north. 'fhe southern part of the plateau, which 
rises to an altitude of n1ore than 9,000 feet, is some
what 1nore rugged than the northern part, where wide 
nllu v.i al fln ts cover the flanks of projecting hills. This 
contrast seems to be greater than the normal difference 
between the headwaters and the lower part of a stream 
course, and it is not unlikely that a geologically recent, 
slightly uneven northward tilting of this area has 
served to accelerate sculpture in the southern part and 
to bury the northern part of the river valley under 
extensive deposits of alluvium. 

That the maturely eroded surface of the Paunsau
gunt Plateau "·as once more extensive is shown by the 
form of the upper tributary valleys. Along the rim 
of the plateau that overlooks the Paria Valley the 
tributaries of the Sevier, which flow in valleys of very 
gentle gradient, come into competition "\vith those of 
the Colorado, which flow in steeply inclined valleys. 
l\1n.ny valleys on the plateau maintain their broad V 
fonn to the very edge of the Pink Cliffs, wher:e they 
are cut ·off by the more :favorably situated southward
flowing streams. Some streams from the lower lands 
have even reached the top of the plateau and have 
diverted drainage from the Sevier. Only a small 
amount of digging was required in the construction of 
the irrigation ditch that now leads water from the 
East Fork of the Sevier over the plateau rim to the 
fields at Tropic. 

SLOPES OF AQUARIUS PLATEAU 

A view toward the Aquarius Plateau from the high 
sanchitone cliffs along the W aterpocket Fold shows 
very clearly a gently graded erosion surface that cuts 
obliquely and smoothly across the bedding planes of 
the hard Navajo sandstone. This·slope extends from 
the upper plateau almost without break to the border · 
of the Circle Cliffs. Along Pine Creek and Sand 
Creek the beds involved in the Escalante monocline 
have been truncated, and three remnant peneplains 
have been mapped. Tributaries of the Escalante are 
now cutting vigorously into the edges of the Aquarius 
Plateau and are gradually obliterating this slope, 
which remains only on the divides. Probably the 
interstream topography corresponds. to similar fea
ttu·es along the Paunsaugunt and Table Cliff Plateaus 
and represent the subdued outline of the Tertiary pla
teau dui'ing the stage of erosion that· preceded the 
present cycle of canyon cutting. 

A southeastward continuation . of the profile from 
the Aquarius Plateau indicates that probably the ex
cavation of the great bowl that is now bounded by 
the Circle Cliffs had b~en begun at this time, but ero
sim~ could hardly have advanced much farther than 
to establish the courses of the consequent streams that 
now carry part o:f the waters of \his territory to the 
Escalante and Halls Creek. 

EROSION SURFACES AT OTHER LOCALITIES 

Along parts of the W aterpocket Fold and on some 
of the slopes that border the Henry Mountains clearly 
determinable remnants of old erosion surfaces now 
stand at altitudes between 5,000 and 8,000 feet. Some 
of the interstream erosion remnants bevel smoothly 
across a number of hard and soft Cretaceous and. Up
per Jurassic rock :formations. As in the northern 
)?art of the l(aibab Plateau, some of the valleys of 
the Waterpocket Fold have a notably more open and 
more mature topography near their heads than farther 
downstream, ·where the valleys, though carved in the 
same fonnation, are extremely narrow and deep. 
Remnants of old erosion surfaces appear in the Paria 
Valley (pl. 27, B), in the Escalante Valley, and along 
Glen Canyon. 

INCLOSED MEANDERS 

Prominent features of many valleys in the l{aiparo
wits region are their tortuously winding courses. 
They appear in a :few valleys carved in soft rock and 
are characteristic of valleys in hard rock. The high 
rock walls o:f big valleys and of little valleys follow 
each bend and turn in the stream course. (See pl. 
21, C.) Through Glen Canyon the Colorado winds 
southwestward in and out around buttresses like a 
gigantic snake. Its tributary str~ams are even more 
sinuous. In the lower reaches of the Paria and Escq.
lante Rivers and Wahweap, War1n, Last Chance, and 
Hock Creeks and in 1he canyons that enter the Colo
rado :frmn the north and from the f)~uth closely 
pressed curves and almost right-angled turns mark 
the course of parallel canyon walls; straight sections 
a.re rare, and in few places is it possible to ~e~ both 
walls for half a mile ahead. Along the Virgin River, 
l(anab Creek, the San Juan River, and elsewhere in 
the plateau province the same." phenomena occur. 

Of the canyons in the Navajo country, Gregory16 • 

says: 

All the canyons are sinuous to a degree very much greater 
than indicated on topographic maps. Close-set meanders with 
horseshoe curves and goosenecks are common, and the traverse 
of many a canyon involves passing to right and left about 
towering buttresses with turns approaching 180°. 

16 Gt·egory, H. E., op. cit.; p. 124. 
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The prevalence of these meanders along canyon 
courses is directly related to the kind of rock that 
forms the canyon wall. In the heavy beds, particu
larly massive sandstone, they are preserved ; in shale 
u.nd thin, soft sandstone they are absent or at least 
poorly represented. · · 

The Escalante River presents no unusual features in 
its upper course. through Cretaceous strata, but from 
Escalante to its mouth the river follows a very sinuous 
course that is carved in sandstone of the Glen Canyon 
group. Wahweap Creek, Warm Creek, and other 
streams that drain the south side of the Kaiparowits 
Plateau show inclosed meanders in Cretaceous sand
stone near their heads, but downstream they enter 
open valleys, and still farther downstream they again 
flow between high, closely spaced, intricately meander
ing walls. Where Pine Creek and Halls Creek flow 
through the Navajo sandstone they run in tortuous 
grooves that are difficult to follow; .in the beds of the 
San Rafael group these valleys provide wide, open 
roadways. 

The size and form ·of the inclosed 1neanders are re
lated to the width of the canyon and the strength of 
the stream that occupies it. The meanders of Glen 
Canyon are broadly open curves with small arc arid 
large radius. Most of the great swings are several 
miles in length, and their limbs are widely separated, 
but at Meskin Bar the river, after flowing 5 miles, 
returns to a point less than three-fourths of a mile 
from its former position, and at Lees Ferry a tunnel 
4,000 feet long across a meander neck would eliminate 
5 miles of channel. The :smaller streams show 1nany 
compressed loops that are made up of arcs of different 
degrees of curvature. Some turns are short, flat curves 
between nearly straight stretches and. give the ap
pearance of streams flowing around square corners. 
Some meander loops are so closely pressed that their 
bases are separated by less than 100 feet of rock, and 
the limbs of others have become united by the de
struction of the intervening wall, which leaves an ox
bow valley standing to one side. Meandering adds 
much to the length of the streams and thus decreases 
their average gradient and their power to erode. The. 
hmgth of Glen Canyon from Rite to Lees Ferry is 162 
miles, and the water that passes'th~ough it falls 2 feet 
to the mile. If its meanders were eliminated the 
length would be 100 miles and the fall 3.2 feet to the 

• mile. The lower Escalante maintains an unusually 
straight general course, yet because of its meanders . 
within a belt only about three-fourths of a mile wi.de 
it flows 28 miles to cover a distance of 14 miles. Wah
weap Creek. flows 3.6 n1iles in· a tortuous course to 
cover 2· miles, and Warm. Creek flows 6.2 miles from 
Warm Creek Cabin to Glen Canyon, a· distance over
land of 2.8 miles. 

An. examination of the canyon walls that inclos~o. 

the. meander 1 oops shows that some have under.gonl 
cohsiderable changes and that others are in process 
of change but that many, especially those along Glen 
Canyon, probably have maintained both position and 
form during the whole period of canyon trenching. 
In other words, some of the existing n1eanders are 
the result of normal stream development within the 
present cycle, but others have inherited their pattern 
from a previous cycle of erosion. The chief character
istics of the inclosed meanders that are developed by 
the stream are- the gradual . slope-the " slip-off " 
slope-which appears toward the end and along the 
downstream· margin of the spurs that project into 
the meander bends, and the well-defined steepening of 
the valley sides along the outer and downstream parts 
of the meander bends. Downward corrasion, com
bined with lateral corrasion, may so enlarge the minot~ 
irregularities in the direction of the stream's course 
that eventually the pattern is rather strongly meander
ing. (See pls. 22, 0; 25, A.) Such inclosed Ineander
ing valleys, which are not inappropriately termed 
"ingrown" 1neanders by Rich,11 are very cmnmon in 
the hard-rock formations of the l{aiparowits region. 
Their developinent in the normal course of downward 
corrasion appears to be the rule rather than the 
exception. 

A traverse of the iioors of the Paria and Escalante 
Rivers and Wahweap, Warm, Last Chance, Collett,. 
'Villow, and Halls Creeks shows that n1any meanders 
are normal features of land degradation under the 
conditions of load, rock hardness, and sudden changes 
of volume that prevail in the Kaiparowits region. 
Along these streams the intrenchment of meanders in 
a hard-rock formation is accompanied by a gradual 
obliteration of the meanders in portions of the valley 
where downward erosion proceeds in weak strata. On 
entering the hard rocks the width of the stream chan
nel is constricted. During each freshet-and most of 
the run-off in the plateau country consists of floods 
that are occasioned by local torrential downpours
the sediment:.laden waters, which roll cobbles and 
small boulders along the stream floor, are deflected 
alternately ·against the right and left walls of the 
narrow section of the canyon. The heavy load of ma
terial transported by the stream partly protects the· 
bottom of the canyon while the rush of the water 
against the side walls and around the bends accom
plishes what amounts proportionally to a very con
siderable sideward cutting. The concave portion of 
the meander curve is enlarged and moves progres
sively downstream, and slip-off slopes develop on the 
convex portions. The presence of a component in the. 

1" Rich,. J. L., Certain types of stream Yalleys and their meaning: 
Jour. Geology, vol. 22, p. 470, 1914. 
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A . VIEW LOOKING NO RTHWARD ALONG THE EAST KAIBAB MONOCLINE 

Butler Valley, a t the left, is carved in weak San Rafael beds; i t is rimmed by Morriso n (?) a nd D a kota (?) sa ndstone. The valley in the central pa rt of t.he view is ca rved in Tropic sha le. Stra ight C liffs sa nd
stone and W a hweap sand.st.one m ake the prominent ridges at the righ t. B e yond these ridges may be seen p enepla ined K a iparowits beds, p a rtly dissected. 

B. VIEW LOOKI NG SOUTHWARD ALONG T HE E AST KAIBAB MON OCLINE 

The ca nyon of W ahweap C reek is seen a t the left and t he upturned Cretaceous sa ndstones a t the right. This portion of the K a ipa row its Plateau, upheld by t he \Vahweap sandstone, s lopes gently nort.hwa rrl , 
re fl ecting the dip of the rocks ; the streams fl ow southward in ever-d eepening ca nyons. 

VIEWS FROM A POINT NEAR THE "GUT " 
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View La ken f rom a point. a bout. 14 m iles sou t heas t. of Escala nte. 

PROFESSIONAL PAPER 164 PLA'rE 21 

A. VIEW ALONG FACE OF STR AHC:HT C:Li i?FS B. MONOCLINAL VALLEY IN TROPI C SHALE ALON G EAST KA!HA B MONOCLI N E EAST OF BUT LE R VALLEY 

T'he sandstone in the upper par t. of the cliffs is the CreLaceous Slxaigh t. Cliffs format.ion. 
lower bench . 

Tropic sha le form s a slope. The Dakota ( il) sandstone rnuke.~ the prumiucn L T he hugbut:k. 1·idgc::; a L r·iglt t. a rc f'unncU by o~cdyiug :sallds t.v nc::; LilLccJ b y the E as t. KaiLab fo ld. 

C. COLOHADO HIVEH. FH.OM A PINNACLE ABOVE LEES FEH.H.Y 

View looking south and cast. Lef t, bare Navajo sonds t.one ; Navajo A1ount.ain in dis tance. Righ t center, monoclinal fold (Echo Cliffs), exposing Chinle. Righ t, N avajo, Shinarump, and Kaibab tcl'raccs; h ead o r M"ar~Je Cnnyon . 

.. 

View looki ng nor th f ro m a poinL ncar the ' 'Gut.,' ' on t.hc K aiparowits PlaLeau Lrail soutiJcu:st. of Cannonville. 
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A. GLEN CANYON WEST OF MOUTH OF KANE CREEK 

Monuments and buttes of hard sandstone (Entrada, Summerville, and Morrison formations) on a broad bench 
formed by erosion of weak sLraLa (Carmel formaLion) overlying hard sands Lone (Navajo). 

B. DRY VALLEY, A BOWL-LIKE DEPRESSION CUT IN THE SOFT STRATA OF THE SAN RAFAEL 
GROUP A D THE MORRISON m FORMATION 

The sLraLified rocks arc San Rafael group and Morrison (?) (light-colored), overlain hy DakoLa (?) (darker beds). 
The floor is covered by alluvial fill. 

C. STRONGLY UNDERCUT MEANDER ON MULEY TWIST CREEK 

The massive sandstone is 'Vingatc, inclined toward the observer. The slabby sandstone is 'Todilto (~) formation. 
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A. CA YO OF DEATH HOLLOW CHEEK 

The canyon is cut in Wingate sandstone. 

B. CANYON TRIBUTARY TO MULEY TWIST CHEEK 

SLceply inclined Wingate sandstone overlain by Todilto (e) formation. 
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TOPOGRAPHIC AND GEOLOGIC MAP OF A PART OF THE WATERPOCKET MONOCLINE, KAIPAROWITS REGION, UTAH 
'========:==<===>====:3:0=========:i=====:===:==:;==:;==:;===:===:===::32 MILES 

Contour interval 100 feet 
Datum is mean sea level 

Kbgss, Blue Gate sandstone; Kbgsh. "Blue Gate shale"; Ktss, Tununk sandstone; Ktsh, "Tununk shale"; Kd , Dakota(?! sandstone; Km , Morrison formation; Je, Summerville formation and 
Entrada sandstone; Jc, Carmel formation; Jn, Navajo sandstone; Jt, Todilto (?) formation; Jw, Wingate sandstone; Rc, Chinle formation; 

As, Shinarump conglomerate; Am, Moenkopi formation; Ck, Kaibab limestone and Coconino sandstone 
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A. COLORADO RIVER AT HALLS CROSSING 

Shows undercut. cliffs on outer a nd d o wnstream sides o f mea nder bends aud slip-off s lopes o n spurs proj ecting into the bends. The country rock is Navajo sandstone, covered locally by 
Carmel stra ta. 

B . CANNONVILLE EROSION SURFACE FHOM POINT NEAH HEAD OF LITTLE CANYON 

The Cannonville penepla in. partly dissec t.ed by tributaries of the Paria River, bevels the Tropic shale a nd higher C re taceous s tra ta. 
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erosion that tends to cut laterally. is evidently the 
cause of the development of the meandering course. 
This lateral component· appears to be due to propor
tionally large side cutting, where, during the active 
erosion of floods, the canyon floor is more or less pro
tected by a carpet of cobbles and boulders that wear 
one another but retard erosion of the hard-rock floor. 
There is considerable sideward wear, espe·cially along 
the outer and downstream margins of the stream 
curves where rock materials in the rapidly moving 
water 'are flun 0' against the walls o£ the constricted 

b . 

stream. (See pL 23, .A.) This lateral corraswn, 
combined with the vertical downward cutting, appears 
to be sufficient to modify the form of tl;le valley and to 
shift the position of the strean1 in such a way as to 
form the meanders. A very influential factor appears 
to be the considerable load of coarse material that is 
carried by these streams in flood stage: 

Where the streams have encountered soft rocks be
neath a hard formation in which inclosed meanders 
have been formed, the slight resistance to sideward 
cutting permits rapid erosion of projecting spurs, 
which tends to widen and to clear out the valley. For 
a time the inclosing sandstone cliffs mays hold the 
stream essentially in its meandering course, but even.:. 
tually they waste back and the valley becomes grad
ually more open. The cros:3 section of the channel in
creases in width, and the sweep against projecting 
remnants of spurs tends to grind them away, giving 
rise downstream to a gently sinuous or even a fairly 
straight course. So consistent are these processes that 
the explorer soon learns to anticipate the position of 
deeply undercut banks and of slip-off slopes that may · 
serve as guides for feasible routes from the floor of the 
canyon to its rim. As the canyon is deepened, the 
meander bends increase in width, and the stream pat
tern tends to become rapidly more complex. 

If the thickness of the hard-rock formations is suf
ficiently great, the .height of the rock walls and the 
consequent large volume of rock material to be moved 
for each unit of lateral cutting impose a natural limit 
on the development of these ingrown meanders. 
'Vhere a considerable thickness of hard sandstone has 

d fi . " 1" ff " been penetrated by the streams, e n1te s 1p-o 
slopes appear near the top of the canyon walls, 
whereas the lower walls on both sides of the canyon 
are steep or ~ven vertical for tens or hundreds of 
feet. (See pl. 25, .A.) This change in str~am pat
t<~rn from swinging curves accompanied by undercut 
banks and slip-off slopes to curves held tightly within 
hard-rock walls is well shown by the inclosed mean
.ders on lower Warm Creek and lower Last Chance 
Creek. For similar features on Kanab Creek Gil
bert 18 uses the expression "canyon within a canyon." 

1s Ollbert, G. K., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept., 
vol. 8, pl. 6 and p. 77, 1875. 

Most of the smaller streams are vigorously removing 
meander spurs~ In many places in soft rock the task 
has been completed, and even in hard rock it is well 
advanced. In the lowest 14 miles of Escalante Canyon 
six meander necks are each less than 500 feet across 
and have been reduced in height to less than 100 feet. 
One meander neck near the mouth of Willow Creek 
is 200 feet across and less than 20 feet high. Trench
ing of this low barrier would eliminate a· curve 11/2 
miles long. Willow Creek has straightened its course 
by .undercutting a meander spur,. leaving it standing 
as an arch. (See p. 145.) In traversing smaller 
streams the route can be conveniently shortened by 
crossing low. divides, where concave portions of 
meander bends come close together. In the process of 
down cutting in the hard rocks most meanders that 
have been developed at higher levels are destroyed, 
and in places remnants of them are perched high on 
canyon walls like the two-storied meanders of the San 
Juan described by Gregory.19 . It may· be that the 
Ferry Swale, an oval trench that has been cut into the 
Navajo sandstone on the Lees Ferry-Wahweap trail, 
and El Rincon, opposite the mouth of the Escalante 
River, are abandoned high-level meanders. of the 
Colorado. . · 

Although many, perhaps most inclosed me~nders in 
the Kaiparowits region require for th~ir explanation 
only the normal vertical and lateral corrasion incident 
to the life history of streams, the meanders of Glen 
Canyon and of some of its larger tributaries call for · 

· a different explanation. (See p. 139.) 
For Glen Canyon as a whole, horizontal shifting 

appears to· have changed only slightly the outline of 
the meander bends and to have moved them only short 
distances downstream but not to have developed a new 

. series of meanders from original small irregularities 
in the river's course. Field evidence leads to the belief 
that the Colorado was a meandering stream before the 
intrenchment that formed Glen Canyon, and that the 
essential features of the present meander pattern were 
developed as the normal expression of a graded condi
tion on a former flood plain. If this conclusion is 
valid it appears that ·practically all the downward 
corrasion incident to recent uplift has been accom
plished through hard rocks that were competent to 
preserve essentially the geographic plan of the earlier 
Colorado. 

The position of the surface of erosion on which 
the Colorado developed its meandering pattern can 
not be determined with certainty. If the uplift that 
began the present cycle was uniform the relation is 
simple, but if uneven warping accompanied the uplift 
unknown factors are introduced into the problem. 
The minim1,lm uplift is the present height of th~ Glen 

1u Gregory, H. E., op. cit., p. 127. 
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Canyon walls at Lees Ferry, about 1,800 feet. Unless 
the broad esplanade that extends backward from the 
canyon rim approximately marks its position, no evi
dence of the former surface of erosion exists in the 
vicinity of Glen Canyon. The esplanade is a struc
tural platform that is upheld by resistant Navajo 
sandstone. The weak overlying Carmel strata permit 
considerable recession of cliffs and the destruction 
of erosion surfaces. Furthermore, if the ancient me
andering habit had been established in resistant rocks 
a.bove the Carmel the time required for cutting 
through this thin, weak formation probably would 
be immflicient to straighten the curves of the stream. 
"\Vith its pattern little modified the stream would be 
lowered to the top of the Navajo sandstone in a po~i
tion to begin intrenchment within the present Glen 
Canyon walls. Obviously the depth of the canyon 
does not necessarily measure the difference in altitude 
between a forn1er erosion surface and the present one. 
Although the evidence on which a definite measure
ment may be based is unsatisfactory and in son1e re
spects conflicting, a, regional study of gradients, rela
tions of meanders to rock iype, and distribution of 
members of the stratigraphic series leads to the belief 
that the amount. of uplift that began the present 
cycle of erosion was more than 1,800 feet and less 
than 2,000 feet. With this conclusion the evidence 
from remnant peneplains present h~re and thei:e in 
the plateau province is not out of accord. (See P:..133.) 

In developing meanders the streams ·have been as
~isted by ~he position and spacing of joint planes .. 
Son1e bends in Paria Canyon correspond with the inter
section of zones of jointing in the Navajo sandstone, 
,and stretches of stream follow closely the base of walls 
. t!1at trend N. 50° W., parallel with zones of fracture. 
'The influence of joints is evident in other crooked 
canyons; in parts of· some narrow canyons it has sub
stantially determined the position and size. of mean
ders. For the region as a whole, joints have facili
tated erosion, but in making meanders they appear 
us conditioninp:, not as controlling factors. 

CYCLES OF EROSION· 

The remnants of old erosion surfaces In the l(ai
parowits region and adjoining territory and the 
superposed relations of parts of the drainage bear 
~vidence of one or more cycles of erosion older than 
the present. Inclosed meanders of the Colorado, the 
San Juan, and possibly those of some of the smaller 
:streams mark courses inherited from a former well- · 
advanced cycle. The maturely dissected, gentle slopes 
·of the Paunsaugunt, Table Cliff, Aquarius, and l(ai
parowits Plateaus, like those of the Coconino and Kai
bab Plateaus. :uP out of harmony with the steep-

walled canyons of the present cycle. They appear to 
represent an advanced state in a cycle of erosion, the 
beginning of which long antedates that of the present 
cycle. 
. The· differences in altitude of the remnants of the 
old erosion surfaces and in the extent to which in
equalities of hard and soft rocks were in different 
places obliterated make uncertain the correlation and 
even the number of erosion cycles. In the light of 
present knowledge it seems probable that the Colorado 
and its main tributaries were established as consequent 
streams on the surface of widespread early Tertiary 
deposits, scattered remnants of which now remain in 
southern Utah, north'eastern Arizona, northwestern 
New :i\:fexico, and southwestern Colorado. As the 
gradients of the ancient Colorado and its tributaries 
were reduced to a gentle slope~ meanders developed 
and topographic inequalities were subdued. Whether 
the erosion cycle in which these characteristics of ad
vanced denudation were developed was the first since 
the establishment of the Colorado systen1 can not be 
affirmed, but it is the oldest for which there is clear 
evidence. At least one period of faulting in which 
the Tertiary beds were displaced, some of them many 
hundreds of feet, preceded the end of thjs cycle, for a 
large differential recession of the southward-facing 
cliffs had been effected in southern Utah, and in places 
the original topographic expression of the faulting 
had been obliterated and even reversed by erosion. 
The Colorado River seems to antedate the faulting, 
for the displacements have had little influence on the 
position of the stream. 

The intrenched Ineanders along Glen Canyon and 
its main tributaries afford evidence of an old graded 
surface on which the meanders were developed. (See 
p. 139.) Conclusions derived from the study of many 
remnant erosion surfaces indicate that in the later 
part of the early erosion cycle the level of the Colorado 
River was about 1,800 feet higher· than the present 
stream at the mouth of the San Juan River and nearly 
1,900 f~et higher at Lees Ferry. But it is obvious that 
if these inferences are even approximately correct, 
the surface of the plateau country at this ti1ne was 
by no means a peneplain. The cliffs that border the 
High Plateaus, though doubtless subdued in outline, 
stood approximately 5,000 feet above the adjacent part 
of the Colorado Valley, and the river in Grand Can
yon was probably deeply intrenched. 

Since the uplift of the plateau region, which re
newed active stream erosion and commenced the pres
ent cycle of canyon cutting, corrasion has been domi
nant. To this cycle belongs all of the erosion that has 
formed Glen Canyon. Local penephiin ·remnants at 
relatively low altitudes in the Little Colorado Valley, 
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·on the San. Juan River, and elsewhere south· of the 
Colorado Hivcr, as described by Gregory,20 and of 
·erO!:iiOn surfaces in parts of southern Utah north of 
the river, proLn.bly indicate minor movements of local 
bnse-levels. Aggradation and subsequent excavation 
of materials deposited in stream courses is recorded 
.Ly gravel and alluvial terraces nnd in places by a 
recent chnnge from depositing to vigorous cutting by 

·the streams. 
·No definite evidence of the geologic nge of the stages 

in the physiographic history of the plateau region is 
at hand. Dutton assigned the great erosion of this 
region to the Miocene and Pliocene. He believed that 
the outer gorge of the Grand Canyon was carved in 
Pliocene time and the inner gorge in Quaternary time. 
These condusions, based on assumed climatic condi
tio.ns during the Tertiary period, have not been sub
stantiated. Robinson 21 places the peneplain cycle in 
the Pliocene n,nd the erosion of the Grand Canyon in 
t~1e Quaternary, basing these assignments <;>n correl::t
tion with little-known strata and topographic forms 
in the country west of the Grand Canyon. 

An outline of the probable main stages in the physi
ographic evolution of the southern Utah plateau 
region is as follows : 

1. A period of widespread folding associated with regionnl 
upllf:t: of the Cretaceous dates from the Cretaceous-Tertiary 
interval. 'l'he main structural features formed at this time 
are the 'Vaterpocket monocline, the Circle Cliffs upwarp, the 
FJscalnnte monocline, the Kaiparowits downwarp, the Echo 
monocline, the Enst Knibab monocline, and the Kaibab upwarp. 

2. A period of extensive erosion in earliest Tertiary time; 
during which the domes and ridges of Cretaceous rocks were 
reduced to a gentle surface. 

~· A period of differential warping, which was probably 
associn ted with regional depression. On the long slopes and 
floors of the basins thus formed Eocene beds ("Wasatch for
mation) of continental origin were laid c;town. Volcanism was 
nctlve. 

4. Post-Eocene uplift, accompanied or followed by ext(msh:e 
fuulting. 

5. A period of extensive and long-continued erosion, during 
which much of the 'l'ertinry beds were removed, the present 
plntcnn blocks were outlined, and erosion surfaces of low 
relief were developed along the Colorado, the Paria, and 
other streams. · 

6. A regional uplift that revived the streams of the region 
nnd provided fnvorable conditions for cutting the canyons of 
the Colorndo River and the many smaller streams. 

The recent geologic history of the Kaiparowits re
g:ion includes a period of aggradation, during which 
the bottoms of the rock canyons were filled with allu
vium, and a period of degradation that was marked 
by the trenching of gravel floors ·of canyons and of 
rtlluvial slopes on plateaus. 

ro Grcgot·y, H. E., op. cit., pp, 120-127. 
:n ItobinsO.!l, H. H., op. cit., pp. 123-124. 

FEATURES OF VALLEYS 

GLEN CANYON 

The characteristic features of Glen Canyon are the 
smooth high walls of sandstone; a series of meanderR 
remarkable alike for number and forn1; and the gentle 
gradient and absence of steep rapids. Except at the 
'" aterpocket Fold, where Chinle beds are exposed. 
Glen Canyon between the mouth of Halls Creek and 
Lees Ferry is carved in 1nassive sandstone of the GlP-n 
c~~nyon group. From canyon floor to canyon rim the 
inclosing walls are ~he cut edges of these horizontal 
beds, which rise steeply, even vertically, from the river 
nnd reach in places heights of more than a thousand 
feet. Nearly everywhere the top of the Navajo sand
stone marks the canyon rim, and in many ·places the 
entire wall is composed of that fonnation. vVhere 
the underlying Todilto ( ~) and vVingate sandstone 
appear they commonly forn1 a continuous cliff with 
the Navajo. At the 'Vaterpocket Fold, where the 
Navajo sandstone has been stripped back, the slabby 
Todilto ( ~) beds resting on the Wingate form the 
canyon rim. · 

Near Rock and Last Chance Creeks the Navaj9 sags 
to a low position, the top of the formation rising 
hardly 200 feet frmn the river level. In the upstream 
part of the sag the relatively weak beds above the 
Navajo have been stripped away many miles from the 
river, but at the downstream part, where these sand
stones are unusually massive and hard and are capped 
by resistant grit that belongs to the Morrison forma
tion, they form buttes that rise nearly sh~er a thousand 
feet. Although separated from the inner Navajo 
sandstone cliffs ... by a narrow bench that is formed on 
weaker rocks, th~se upper sandstones closely hem the 
river. Below the Crossing of the Fathers thes~ upper 
sandstone cliffs gradually recede and Glen Canyon 
regains.its. typical ~opographic features. Throughout 
its course in the Navajo sandstone Glen Canyon is 
narrow and straight-sided; in the weak Chinle beds 
its bottom is broadly flaring and its width consider
ably increased. (See pl. 26, 0.) The Colorado River 
in Glen Canyon swings to the right and left in large, 
symmetrically rounded curves that define a meander 
belt several miles wide. (See pl. 21, 0.) The origin 
and physiographic significance of this remarkable as
semblage of erosion features have been discussed by 
l\1oore,22 who develops the evidence that they offer of 
a former erosion surface. (See alsop. 138.) 

In the sections of Glen Canyon between the Water
pocket Fold and the San Juan River and between 

:::~Moore, R. C., Origin of Inclosed meanders on stt·eams of the Colo
rado Plateau: Jour. Geology, vol.·· 34, pp. 29-57, 1926; Significance 
of inclosed meanders in the physiographic history of the Colorado 
Plateau country: Idem. pp. 97-13~. 
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Warm Creek and Lees Ferry most of the meanders of 
the Colorado River show no evidence of extensive 
lateral corrasion or sweep during downward intrench
ment. Intervening sections show more or less definite 
evidences of horizontal shifting in the position of the 
river's course. In places slip-off slopes covered by 
patches of river gravel and undercut cliffs of the outer 
and downstream sides of the meander bends show 
clearly the operation of effective lateral cutting, but 
this work appears only to have slightly modified the 
meanders and not to have produced them. 

The sudden termination of the intrenched meanders 
at Lees Ferry (pl. 21, 0) ,'where the river passes from 
the sandstone of Glen Canyon to the tilted limestone 
and older rocks of the Marble Gorge, does not indi
cate that the meanders were developed in Glen Canyon 
because of the obstacle afforded by the· resistant rocks 
at the head of the Marble Gorge, for at the time the 
meanders were developed the Colorado River. flowed 
in a course high above its present level at Lees Ferry 
and probably continued as a meandering stream across 
the weak beds which at that time covered the Kaibab 
limestone for a distance of 35 or 40 miles southwest 
oi the Echo Cliffs. On this assumption the weak rocks 
were removed during active downward corrasion in 
the early part of the present canyon cycle, and the 
meanders of the Colorad'o River below Lees Ferry dis
appeared before ·the river's course began to be in
trenched in the resistant Kaibab. It appears signifi
cant that two or three n1eander bends are preserved 
in Marble G,orge at about the point where according 
to hypothesis the old stream profile intersected the 
rising surface of the Kaibab limestone. 

The gradient of the stream in Glen-Canyon is about 
2 feet to the mile and is little inter:rupted by rapids; 
boating is fairly easy and safe. On this low gradient 
the river is well adjusted to hard rock and soft rock 
alike ; it is neither deepening its bed nor raising it 
significantly by building flood plains. The marginal 
accumulations of alluvium that appear at low-water 
stages consist mainly of mud and fine rock debris, 
with here and there a few cobbles. 

So far as determined, the . quickening of stream 
erosion that marked the beginning of the present ero
sion cycle affected all parts of the Colorado drainage 
system. As noted by Gregory,23 the cutting of Glen 
Canyon and that of Marble Gorge represent an ap 
proximately equal amount of work, and accordingly 
the canyons are of approximately the same age. 

The gentle gradient of the Glen Canyon section 
appears reasonably assignable to the lesser strength of 
the sandstone as compared with the very resistant Kai 
bah iimestone and lower hard rocks encountered in the 
Marble Gorge and the rest of the Grand Canyon. 

~• Gregory, H. E.; op. clt., p. 126. 

Though the Colorado River in Glen Canyon is 
approximately graded with respect to rock hardness, 
it. does not follow that deposition of flood-plain scrolls 
was lacking at stages before the canyon was sunk to its 
present level or that because of the barrier at Lees 
Ferry the formation of flood plains will gradually in· 
crease. As regards rock hardness the relation of Glen 
Canyon to the Marble Gorge has doubtless remained 
essentially the same since downward cutting began; 
the main re·sult of deep carving is the gradual up· 
stream migration of the hard-rock barrier at the head 
of the Marble Gorge. Under present climatic condi
tions continued denudation of adjoining lands would 
reduce the load to be carried by the river in Glen 
Canyon. The resulting increase in capacity would 
permit excavation and the formation of a more gentlJ 
graded profile. However, it is probable that the slow 
deepening of the Marble Gorge just about balances the 
tendency to deposit materials in Glen Canyon. 

WAHWEAP, WARM, LAST CHANCE, AND ·ROCK VALLEYS. 

. From its source on the south flank of Canaan Peak. 
to the Colorado River W ahweap Creek flows through 
rocks that are gently inclined in an upstream direc
timi. It passes from weak Upper Cretaceous sandy 
shale across a sandstone platform, where for a few 
miles its banks are very low, and continues southward 
in an ever-deepening canyon until the high southward
facing escarpment is reached. Like the main stream: 
most of the tributaries of Wahweap Creek disregard 

. rock structure--none of them flow northwestward in 
accordance with the dip of the rocks. The middle part. 
of Wahweap Creek appears to be controlled by the 
local rock hardness and structure. From the mouth of 
Ty Hatch Creek, where the soft Tropic shale is first 
encountered, to Cottonwood Spring the stream follows 
the line of the Echo monocline. Southeast of the 
spring the creek swings away from the monocline 
and carves a pathway through northward-dipping 
Jurassic sandstone. The deflection from the mono
cline is readily understandable if this part of the course 
was established when the weak Tropic shale occupied 
this general position, as it must have at one stage dur
ing the erosion of the region. During a previous 
erosion cycle the portion of Wahweap Creek below 
Cottonwood. Spring probably flowed on Straight Cliffs 
sandstone, for Tropic shale is found only near the Col
orado River. Some adjustment to structure, such as 
the southeastward swing that now carries the creek 
into massive sandstones, seems to have been accom
plish~d during the present· cycle. 

The headwaters of Warm Creek reach back only to 
the margin of the higher Cretaceous sandstones. 
Structurally its course roughly coincides wi~h the axis 
of a shallow syncline that plunges upstream. The 
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prominent sandstone escarpments and intervening 
benches in this area are crossed by the creek nearly 
.at right angles. 

Last Chance. Creek extends to the eastern summit of 
the higher Cretaceous upland. Its valley follows a 
well-defined though shallow syncline that is separated 
from that of Warm Creek by an anticline that coin
ddes with the interstremn divide. Croton Creek, 
the largest tributary of Last Chance Creek, has also 
:a syn'clinal position. Rees Canyon, which enters Last 
·Chance Creek farther upstream, has a course oblique 
to the dip of the rocks, as does Dry Canyon, another 
tributary. The position of these streams seems to 
have been determined by their relations to the Wah
weap sandstone cliffs, which doubtless formerly bor· 
·dered Rees Canyon on the west, as they do now the· 
upper part of Dry Canyon. These branches have 
thus· a presumably subsequent origin in the zone of 
weak rocks at the base of the Wahweap formation. 
'There are numerous consequent minor tributaries of 
these canyons on the northeast but almost none on the 
west. 

Warm and Last Chance Creeks are not ancient 
·streams consequent on a Tertiary surface or an old 
peneplain and superposed at random on the beds which 
they now cross ; they are drainage lines that are dis
posed with clear relation to rock structure. There is 
ample evidence, however, that they antedate the pres
·ent erosion cycle. As obsequent tributaries to the 
·Colorado, lengthening headward by erosion, their ob
served relations to structure can be explained. The 
placement of Last Chance and Warm Creeks and some 

·Of the other tributaries of the Colorado River was 
·possibly fixed by conditions in the very early history 
,of the drainage system, perhaps by adjustment to the 
:inclined surface of the hard Wahweap sandstone that 
formerly covered all the region. An interesting char
.acteristic of these streams is the .strong, even, intri
·Cate meandering that occurs in each of ihe hard
rock stretches. (See p. 136.) The intervening open, 
relatively straight portions of the valleys, which are 
·.carved in soft rocke, are in strikiJ.1,g contrast. 

The lower part of Rock Creek Canyon is narrow, 
.and the sandstone walls are high. About 6 miles 
from its mouth, where it crosses the Rock Creek anti
·cline, the canyon is considerably wider. The central 
part of the valley is floored by Navajo sandstone, and 
travel is feasible only along the bench above. The 

"head of the canyon rises where extreme steepness, and 
:a precipitous trail leads to the rim of the l(aiparowits 
Plateau (see pl. 2), wh.ere tributary valleys with 
:sloping sides virtually hang above the lower canyon 
The rapid canyon cutting of the present cycle has pro
·duced an encroachment on the upland that makes the 
line between the topography of the plateau and the 
lower country a very striking boundary. 

PARIA VALLEY 

In the vicinity of Tropic the valley of the Paria 
River is flat-floored and broadly bowl-shaped. Wide 
exposures of soft Cretaceous shale have permitted 
rapid excavation by the stream and its tributaries, 
which has caused considerable recession of the over-

. lying sa.nqstone cliffs. Portions of the broad inter
stream areas that have smoothly eroded tops of ac
cordant altitude and stand 300 ·to 500 feet above ad
joining lower lands constitute the Cannonville erosion 
surface (p. 133). The total erosion at the hea~ of the 
Paria V a.Iley is enormous. The streams have not only 
obliterated the topographic effects produced by the 
Paunsaugunt fault but have cut down the uplifted 
block, so that the present surface of the downthrown 
block stands more than 2,000 feet above that of the 
up thrown block. (See fig. 7.) Most of the presept 
tributary streams are actively deepening their valleys 
and cutting into the graded bottom lands. Along 
Sheep Creek dissection by deep, narrow ravines has 
advanced so far that travel across the alluvial plain is 
almost impossible. 
· The regional dip of the rocks in the northern part 
of the Paria Valley is northward, and the Paria River 
ac-cordingly passes from the soft Cretaceous shale 
through a southward-facing escarpment made by the 
basal Cretaceous sandstone and underlying Upper 
Jurassic rocks into an open valley carved in weak 
rock~ of the San Rafael group, which forms the flat 
lands around Cannonville. 

A few miles south of Cannonville the Paria reaches 
the top of the Navajo sandstone and makes its way 
through massive rock walls, which opposite "Vh1t.e 
Cliffs ha.ve a height of more than a thousand 'feet. 
South of White Cliffs the canyon continues with lower 
walls and a more meandering course. At one place
a cut-off meander bend-a tall rock island, which for
merly 'vas part of a projecting spur, is surrounded by 
stream channels, of which the one on the outer side 
is unused except in floods. 

A short distance north of Paria· soft rocks appear 
in the bottom of the valley, which consequently in
crease~ appreciably in width. (See pL 26, A.) At the 
site of this old settlement the valley is bordered by a 
broad slope of Chinle shale beneath the Wingate sand
stone cliffs, and the stream flows in a broad, flat gra.vel
floored wash that is sunk into an alluvial bench, now 
eroded to remnants. (See p. 143.) Opposite old 
Paria the sandstone swings westward in a high south
ward-facing escarpment, and a broad opening in the 
weaker rocks affords access over a low divide to the 
head of the House Rock Valley and at a11-other place 
to the road along the Vermilion Cliffs to J(anab. But 
instead of following the belt of weak rocks that leads 
i11to the House Rock. Valley, the river swings south-
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eastward from Pari a and flows in a short, narrow, ver
tical-sided canyon through the upturned Jurassic sand
stone in the East Kaibab 1nonocline, whi'ch at this 
point trends north. (See pl. 26, B.) Below this can
yon the river maintains its course obliquely across a 
belt of weak rocks and passes into a valley that is 
incJosed in places by flat-lying Cretaceous sandstone 
and open where Cretaceous shale and soft Upper 
Jurassic strata crop out. (See pl. 27, A.) Here the 
river is joined by Cottonwood Creek, which heads in 
the broad-floored Butler VaHey but in the lower 15 
miles of its course flows as a subsequent stream along 
the East J(aibab n1onocline. A short tributary that 
i~: developed in this same weak zone joins the Pari a 
from the south. 

A short distance below the abandoned settlement of 
Adairville the river again enters the Na-vajo sandstone 
and in a narrow, winding, gradually deepening can
yon cuts through the Paria Plateau. The last few 
1niles of its valley in Arizona are carved in the under
lying. weak Chinle and Moenkopi beds. 

The topographic features of the Paria Valley indi
cate that its course was established originally on . a 
land surface unlike that of to-day. The region now 
occupied by the headwaters of the Paria wa~ once part 
of the High Plateaus and was drained by northward
flowing streams that were unrelated to ·the Colorado 
system. The walls of the Paunsaugunt and Table 
Cliff Plateaus mark the present limit of a northward
sloping highland that once extended farther so.uth. 
If any part of the surface now represented by the ma
turely developed top of the Paunsaugunt Plateau 
formerly sloped southward, the consequent drainage 
could have been related to the Paria. Likewise, if the 
surface of the upraised block east of the Paunsaugunt 
fault had originally a southward inclination the con
ditions· would favor southward-flowing consequent 

·streams in the general position of fhe Paria. But. 
both regional structure and drainage patterns s·uggest 
that the inclination of the plateau blocks has remained 
essentially the same during the life of the present 
drainage. 

In their courses through the East Kaibab monocline 
the Paria and its main tributaries-Hackberry,. Sand 
'V ash, and Kaibab Gulch Creeks-are superposed on 
the structure. Sand Wash and Kaibab Gulch in par
ticular seem strangely out of accord with the attittide 
and hardness of the rocks. The topography suggests 
that the waters of these streams, as they come down 
the slopes of the J(aibab Plateau, should be gathered 
in the House Rock Valley and' conducted along this 
almost continuous depression to the Colorado River. 
Instead these streams cross the longitudinal valley 
and head straight for massive sandstone walls, which 
they penetrate in narrow, deep canyons. 

The drainage pattern of the Paria Valley seems im
possible of explanation on the assumption that the
Paria is an obsequent stream, the head ward elongation. 
of a one-time unimportant tributary of the Colorado .. 
This interpretation becomes reasonable, however,. 
when the Paria drainage is assumed to· have origi
nated on son1e higher surface frorri which monoclinal. 
flexurelS were absent. This surface probably was not.. 
that represented by the fragmentary Cannonville ero-· 
sion surface, for at that stage considerable topo-
graphic inequalities were present al.ong the Paria, and 
the course of the stream 'vith respect to n1ajor struc-· 
~ural features had already been established. The: 
evidence suggests that the Paria and its main tribu-· 
taries were established as consequent streams on Ter-
tiary deposits that were formerly more extensive and. 
that as erosion of the Tertiary revealed the structure· 
in the Cretaceous beds, the strean1s became super
imposed on it. 

ESCALANTE VALLEY 

In the upper part of its course the Escalante River
transects minor structural features, including a west-
ward -eli pping monocline in the Cretaceous sandstone
just east of the Table Cliff Plateau. Eastward the· 
stream flows for a few mile~ in a narrow canyon 
carved in horizontal Cretaceous sandstone and then. 
emerges into a broad, open valley carved in the Cre-
taceous shale and weak Upper Jurassic rocks that ex
tend continuously along the front of the Kaiparowits .. 
Plateau. Near the town of Escalante the river
crosses this depression, which seems to offer an easy· 
passage to the southeast, and farther eastward it. 
plunges into the steep-sided Escalante monocline. 
Beyond the monocline a narrow·, winding canyon, cut. 
mostly in Navajo sandstone, leads to the Colorado. 

As in the Paria Valley, the upper tributaries of the· 
Escalante have established their position by headward. 
erosion, reducing th~ area of the Table Cliff, Paunsau
gunt, and Aquarius Plateaus and diverting the west-
ward-flowing tributaries of the Sevier River. ·In the 
"Upper Valley" and at Escalante the stream is ob
viously superposed· on monoclines. The lower 50• 
miles of the river has a relation to regional stri1cture· 
that suggests a subsequent origin, but its course is not 
that of a subsequent stream of the present cycle. At 
one time in its history the Escalante n1ust have flowed 
iil the belt of weak Upper Jurassic rocks between the· 
Waterpocket Fold and the J(aiparowits Plateau. In. 
deepening its bed it cut through these shaly gypsif-
erous rocks, transferring its pattern to tlu! underly
ing Navajo sandstone. 

Though the steps in the physiographic history of 
the Escalante Valley are not clearly defined, it seems. 
probable that the consequent drainage system estab-
ljshed on the surface of Tertiary rocks became subse--
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quent as erosion revealed weak beds in suitable rela
tions to resistant beds and that continued ·erosion 
revealed structure to which adjusbnent was made by 
superimposition. The Escalante might thus be 
termed a superposed subsequent stream. 

The lower part of the Escalante Canyon has a re
m:u:lmbly intricate meandering course. From its 
mouth a traverse of 35 miles along the river bed meas
ure~ 14 miles in a straight line. The inclosing sand
stone walls exhibit typical features of "ingrown" 
meanders, with prominent slip-off slopes on the spurs 
and steeply undercut cliffs on the outer and down
st.reu m sides of the 1neander bends. Part of the me
andering 1nay have been inherited from an earlier 
eycle of erosion, but most of it has been developed 
during the present cycle. 

MINOR PHYSIOGRAPHIC FEATURES 

ALL UVIAL TERRACES 

V\Ti th unimportant exceptions all streams in the 
1\.u.iparowits region are vigorously eroding their beds. 
l"'hose flowing on rock are scouring their floors, and 
those flowing on sand and gravel are rapidly cutting 
downward and sideward. Not only has aggradation 
ceased, but enormous quantities of valley fill are torn 
up and carried each season to the Colorado. In some 
valleys no alluvimn is left; a rock-walled, rock-bot
tomed canyon has replaced a canyon that was deeply 
floored with alluvial sand and clay. The typical 
stream is one that flows between alluvial terraces in
eluded in a canyon whose walls are of rock. That this 
deep trenching of valley fill is characteristic of 
streams throughout Arizona, New Mexico, southern 
Utn.h, and southern Colorado is shown by the records 
compiled by Bryan.24 The streams of southern Ne
vada and southern California likewise are developing 
arroyos. Field evidence supplemented by detailed 
historical accounts proves that the present habit of 
streams in southern Utah has been established within 
the last 50 years. The conditions that existed 1n 
1878-1880 are described by Dutton 25 as follows: 

Most of those lateral canyons • • • are slowly filling 
up with alluvium at the present ti:~ne, but very plainly they 
were much deeper at no remote epoch in the past. The lower 
tnlus in some of them is completely buried, and the alluvium 
mounts up on the breasts of perpendicular scarps. In 
some cnses a smooth floor of alluvium extends from side to 
side of what was originally a canyon valley.· The recurrence 
of a climate sufficiently moist to sustain a vigorous perennial 
stream would probably sweep out all this unconsolidated 
alluvium and return the valley to its former condition of an 
ordinary canyon. 

21 Brynn, Kirk, Dntc of chrmnel trenching (arroyo cutting) in the 
nl'ld Southwest: Science, new ser., vol. 62, pp. 338-344, 1925. 

~n Dutton, C. lD., 'ret·tinry history of the Gmnd Canyon. district 
U. S. Gcol. SUL·vey Mon. 2, pp. 228-229,' 1882. 

The present conditions are 1n strong contrast to 
those pictured by Dutton. The meadows along 
streams have been destroyed, valley flats are deeply 
trenched, and the sod-bound soil, which once extended 
widely, even over such !"egions as the W aterpocket 
Fold, parts of the Escalante Basin, and valleys trib
utary to the Paria, is now represented by inconspicu
ous patches. On the streams in the Kaiparowits 
region excessive degradation began during the decade 
1880-1890. (See p. 30.) 

As elsewhere suggested 26 the great change in the 
valley topography of the plateau province may rea
sonably be ascribed to climate n.ssisted by ·human 
agencies. Unfortunately the rainfall, snowfall, and 
temperature of southeastern Utah were not measured 
prior to 1890, bdt the meager rainfall records from 
outlying stations show that the years 1884-1889 were 
relatively wet. During this period the precipitation 
at Los Angeles an¢l San Bernardino, Calif., and Fort 
Mojave, Ariz., was, respectively, 49, 42, and 100 per 
cent above normal. For these stations the heaviest 
rainfall ever recorded fell in 1884. Fort Wingate, 
N. Mex., received only a little more than its average 
rain during the period 1884-1889, but during the 
seven years 1867-1873 this station recorded 40 per 
cent more than· the usual rain-a fact that may be 
causally related to the earlier beginning of terracing 
in the Puerco and Chaco Valleys. 27 The evidence 
from rainfall 1neasurements is suggestive rather than 
conclusive. Some dry years are included in the 
records for 1884-1889, but the years preceding and 
following that period are neither consistently dry nor 
consistently wet. In the plateau province, however, 
variations in mean annual rainfall have relatively 
little significance. As beat:ing on erosion, the sea
sonal and daily distribution of rainfall, the nature of 
the showers and the area they cover, and· the relation 
of rainfall to snowfall and to t~mperature are features 
of much more importance. 

Erosion results from sudden violent showers, and if 
suitably distributed in time an annual rainfall of half 
the normal amount ma.y be more effective in denuda
tion than twice the normal. The specta~ular erosion 
which in 1884-85 sunk the alluvial floor of l(anab 
Creek 60 feet and widened it 70 feet for a distance of 
15 n1iles began in response to the melting of excep
tionally deep accumulations of snow. 

On the plateau tops and steep slopes and on canyon 
fioors alike the balance between aggradation and deg
radation is in remarlqtbly close adjustinent. Only 
slight changes in amount and kind of rain, in stream 
gradient, and in cover of vegetation are sufficient to 

~0 Grego1·y, H. E., Geology of the Navajo countL·y: U. S. Geol. Sur
vey I'rof. Paper 93, pp. 131-132, 1917. 

:t~ Bryan, Kirk, op. cit., pp. 339-340. 
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change stream habit. The construction of a dam or 
an irrigation ditch, the killing off of beavers, the 
building of roads, and the plowing of fields ~ay be
O'in far-reaching changes. The effect of grazing, es-
c h' pecially overgrazing, on run-off and stream trenc 1ng 
i~ obvious. The net result of the interference by man 
with the delicately adjusted streams is an increase in 
amount of surface water and the number of intermit
tent springs accompanied by a destruction· of forage 
and of arable land. (See p. 31.) 

The smaller canyons of the Kaiparowits region were 
sunk deep into their rock floors and then filled with 
sediment 40 to 150 feet deep. Recently removal of the 
sediments began. The canyon cutting probably dates 
from the uplift that placed the Colorado in position 
to excavate Glen Canyon. The aggradation may have 
been contemporaneous with the formation of local 
peneplains in the Little Colorado Valley and else
where whose position and altitude are difficult to ex
plain.· Canyon cutting, canyon filling, and removal 
of fill constitute a series of stages that may have been 
duplicated several times; the bases of some canyon 
walls show the effects of erosion at different rates, and 
within the alluvial deposits are many erosional uncon
formities.. The evidence shows several changes in the 
conditions o{ erosion and sedimentation, but neither 
the number nor the duration of the epicycles involved 
has been determined. 

CANYON WALLS 

In the Kaiparowits region, as elsewhere in the 
·plateau province, canyons cut in massive thick sand
stone are box headed. In most such canyons the walls 
are as steep and ·as high at their heads as along their 
sides; some of them overhang. The canyon walls are 
fluted by rincons and by less symmetrical recesses, 
many of which extend from the floor of the canyon to 
its rim. Perched high on the walls are caves and rock 
shelters. · Some of them are mere toe holds ; others 
are flat-floored caverns that extend· tens of feet into 
the vertical sandstone walls and are protected by 
arched roofs-sites chosen by the cliff dweller. (See 
pl. 27, 0.) ·As interpreted by Gregory,28 stream ero
sion has played little part in the production of these 
features; they are the result of disintegration that was 
aided by ground water and guided by texture and 
structure of rocks. In some places two niches that 
were developed opposite each other in narrow rock 
walls have become united, producing a "hole in. the 
r~ck " that resembles the windows made in the for
mation of natural bridges. Niches and wall pockets 
of different sizes are characteristic of the Navajo and 
Entrada sandstones and appear also in walls of 
Morrison and Upper Cretaceous sandstones. 

2s Gregory, H. E., op. cit., pp. 132-134. 

BUTTES AND TOWERS 

Under the attack of stream erosion, aided by 
weathering and guided by planes of structural weak-

. ness,. the great plateaus are cut into mesas, and por
tions of the mesa walls become detached. Further 
weathering and disintegration reduces the size a~d 
modifies the form of these remnants, producing monu
ments, towers, chimneys, and spires that add much to 
scenic interest. Lone Rock, in Wahweap Valley, 
"The Chimneys," in Dry Valley, and the square fluted 
columns cut from San Rafael and Morrison beds 
a1ong the face of the Straight Cliffs are picturesque 
erosion features but most of the tallest monuments 
·in the Kaiparo~its region stand close to lofty cliffs 
and are therefore much less conspicuous than similar 
erosion features in the Navajo country. Tall rough
sided earth columns cut from materials of landslides 
are common. (See pl. 28, A-D.) 

ARCHES AND BRIDGES 

On the walls of many canyons cross-bedding out
lines arches. Some of these arches appear as if drawn 
with crayon on the smooth rock face; others unite the 
tops of pilasters and form the borders of blind win
dows; still others form the roofs of niches and rock 
shelters. In fact, curved surfaces, in both horizontal 
and vertical positions, are characteristic of detailed 
seulpture on walls of Navajo and Entrada sandstones. 
As alcoves are recessed deeper and deeper into canyon 
walls there is a tendency for surface water to make its 
way through the arched roof along vertical joint 
planes, a process which if continued under favorable 
conditions results in a crack open to the sky. En
largement of this long, narrow skylight permits the 
outer part of the alcove roof to stand alone as an 
arch separated from the canyon wall by the width of . 
the opening. Further erosion gives the arch the form 
of a hoop rising above the general rock surface Or de
taches it completely from the wall, making a bridge 
which spans the original alcove. Arches having this . 
history were noted near the head of Cottonwood Creek, 
at the " narrows " on Halls Creek, and on tributaries 
to the Paria. The largest one observed is in Escalante 
Canyon above the mouth of Sand Creek. This Esca
lante arch, which stands about 30 feet out from the 
wall of Navajo sandstone, has a span of about 130 
feet, a height of 70 feet above the floor of an ancient 
alcove,. and a thickness of 13 feet. The roadway on 
top is 12 feet wide. (See pl. 27, D.) 

On Fortymile Creek a beautiful natural bridge has 
resulted from the undercutting of a m-eander spur and 
has reproduced the history of the well-known Rain
bow Bridge in the Navajo country. As estimated by 
vV. R. Chenoweth, of the· United States Geological 
Survey, the Fortymile Bridge has a span· of 200 feet 
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a11d a height from stream bed to roadway of 75 feet. 
Above the mouth of Willow Creek on the Escalante 
Hi ver another bridge is in process of formation. A 
narrow wnll that sep~rates the compressed limits of 
a stream curve 2 miles long is already perforated by 
a window. 

WATER POCKETS 

Many bare rock surfaces in the Kaiparowits region 
a.re clotted with pits and saucerlike depressions that 
fill with water after rains. These features are com
mon on the broad sandstone platforms that border 
Glen Canyon and on the floor of the Escalante Basin. 
Their abundance on the crests and flanks of the Water
pocket monocline account for the name of this flexure. 
They appear here and there on rocks of all kinds but 
ure characteristic of the Navajo sandstone, which pos
sesses to an unusual degree the texture and structure 
favorable for their development. In ground plan 
they range from irregular rings or curved-sided de
pressions a few inches across to irregularly bordered 
lake basins more than 100 feet across; in depth they 
range from a fraction of an inch to as much as 6 feet. 
The commonest ones are 1 to 3 inches deep and 2· t0 
5 feet in longest diameter. S01ne of them hold mere 
fihns of water, to~ thin to pern1it a horse to drink and 
disappearing within a few hours after a rain; others 
nre deep, pennanent wells that hold several barrels of 

· water and constitute the chief supply for pack trains 
when the near-by gravel-floored washes are dry. 
These water pockets seem at first sight to be. distrib
uted in a haphazn.rd fashion without reference to 
slopes or joints or differences in rock texture. but ex
amination of the rock surface shows them to be located 
on inclined surfaces at places where joints or cross
bedding laminae intersect, where the rock cement is 
weak, or where lens.es of coarse-grained rock join finer
grained rock. The position of soJ,Tie rock basins on 
the crest of the W aterpocket Fold is determined by 
sand dikes-the hardened filling of cracks. 

The deepest pockets forn1 rows at the bottom of 
poorly defined valleys. Many pockets have lips over 
w4ich water esca.pes. During light rains the pockets 
a.re filled or partly filled by run-off in their immediate 
vicinity. During heavy thundershowers the water 
from surrounding slopes passes through these pockets 
as a strea1n or as a sheet flood that covers the entire 
surface. The running water merely makes little 
ripples when crossing the shn.llowest pockets, but it 
swirls in and out of the deep ones. When examined 
after the water l1as ceased to run, the pockets are 
seen to have los~ the sand, hardened silt, and vege
table debris that previous~y had coated their bot
toms ; their floors are bare 1;ock or clean sand. The 
basins have been scoured out and doubtless some
what enlarged, although some have been made more 

shallow by the grinding down of their rims. During 
long periods between rains many shallow pockets are· 
filled or partly filled by wind-blown dust, which forms 
mud in basins containing water and a fluffy coating 
on the floor of dry basins. One windstorm 'vas ob
served to fill several basins to their rims with sand 
and to deposit some sand in others. Doubtless in 
favorable place~ wind Temoves dry materials from 
shallow basins and scours their floors with sand, but 
it seems not to be a very effective excavating agent. 
It is significant that leaves· and twigs remain in dry 
water pockets during heavy. windstorms and that 
many depressions exposed to the wind but beyond the 
reach of running water contain shrubs ·and grass 
growing in patches of soil. 

WORK OF THE WIND . 

In the l(aiparowits region the winds are neither 
strong· nor persistent; the topography is unfavorable 
for large-scale wind erosion or deposition. (See 
p. 12.) Low dune ri<;lges appear here and there and 
on the Glen Canyon platform, and in the Escalante 
Valley are dune areas of a few acres, but most of the 
dust carried by the wind is piled at the corners of 
rock .buttresses, dumped over canyon walls, or moved 
back and forth along dry washes awaiting its time of 
transport to the Colorado .River. 

Although bare flat rock forms much of the surface, 
and innumerable buttes and mesa walls lie across the 
path of prevailing winds, no abraded surfaces or wind 
et.ched rocks were observed·. The shallow water 
pockets described by Bryan 29 as features of wind ero
sion are believed in the main to be the work of weather 
and running water. 

LANDSLIDES 

The efficiency of ground water as a factor in erosion 
is shown by the landslides in the Tropic shale and to 
a less extent in the Chinle. When the Chinle " marls " 
and shales on steep slopes are saturated they seem to 
move by their own weight, carrying their broken 
strata and talus blocks to lower levels. At the south 
base of the Paria Plateau slides in the Chinle have 
spilled over the Shinarump conglomerate and down 
the Moenkopi· cliffs to the Kaibab below, and at a 
place about 14 miles !:?Outh of the Burr trail the 
Chinle beds have lost their hold and have slid, ac
companied by huge fragments, over the upturned beds 
of Navajo sandstone, down the west side of the Halls 
Creek Valley in a jumbled mass that is roughly three
fourths of a mile wide, llj2 miles long, and 80 feet 
deep. The slopes of Tropic shale along the so~thwest 

2.• Bryan, Kirk, Wind erosion near Lees Ferry, Ariz.: Am. Jour. Sci., 
5th ser., vol. 6, pp. 298-303, 1923. 
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flank of the Kaiparowits Plateau are in many places 
streaked with landslides; in places they are com
pletely masked. The high-lying Tropic on the north
east face of the Kaiparowits Plateau between Coyote 
Hole and Willow Tanks is the seat of landslides which 
one after. another have flowed· down the shale slopes 
and out over the Dakota (~)-capped benche~, carrying 
with them great talus blocks and slabs of Straight 
Cliffs sandstone. 

As viewed from the rim of the Kaiparowits Pla
teau at Fiftymile Point the landslides are impressive. 
The slopes below the capping Cretacequs sandstone 

constitute a field about 2 miles wide and 10 miles long, 
everywhere strewn with boulders, the largest of which 
are square blocks of sandstone 40 feet thick. Suc
cessive slides have banked the materials in huge ridges 
like a series of terminal and lateral moraines. 

Except in areas of Chinle and Tropic shales land
slides were not observed. The steep slopes of other 
formations are bare or coated with only ribbons and 
~cattered patches of debris. Surface water, ground 
water, and rock structure do not occur in combinations 
favorable for the. production of talus; disintegrated 
rock is removed about as fast as it is formed . 

. "!. 



CHAPTER 5. ECONOMIC GEOLOGY 

The rocks of the Kaiparowits region are mineral
ized only to a slight extent. There are no metamor
phic rocks, no pegmatites, and no igneous intrusions. 
Jn fact, except for the Tertiary basalts that cap the 
Table Cliff and Aquarius Plateaus, igneous r<_:>cks are 
lacking. Some of the sandstones and shales contain 
bits of gold, small amounts of ~ow-grade copper ore 
appear in a few places, and carnotite has been 
reported. 

Sandstone for building is abundant, and at a few 
places adobe and clay are available for briclrmaking. 
Gypsum is widely distributed, but limestone suitable 
for cement is rare. Some of the Triassic strata are oil 
bearing, and oil seeps from sandstone at the southeast 
end of the W aterpocket Fold,' but a well sunk at the 
Circle Cliffs gave unsatisfactory results. 

In addition to water the one deposit of economic 
value is coal, which occurs at several horizons on the 
flanks of the I\:aiparowits Plateau. 

GOLD 

Within the Kaiparowits region, as elsewhere in the 
plateau province, the Triassic and Jurassic rocks in
dude widely distributed minute flakes of gold, and 
accumulations in gravel bars along the principal 
.streams are sufficient to attract attention. 

There are reports of prospectors along the Water
pocket Fold, in the Henry Mountains, and east of tbe 
Colorado River about Elk Ridge and the Abajo 
Mountains as early as 1870, and the finding of gold 
in sandstone and gravel of the San Juan River in the 
fall of 1892 led to the " Bluff excitement " of 1892-93.1 

Little prospecting seems to have been done along the 
Colorado River until the practicability of its traverse 
had been demonstrated by Powell. The wide desert 
stretches along the river, the difficulty of finding or 
making a feasible trail from the canyon rim to the 
.stream below, and the ignorance of probable cataracts 
.and whirlpools stood as discouragements. But the 
.discovery in 1880 of the Dandy crossing (Hite) and 
-of feasible routes leading to it resul~~d in the loca
tion of a working camp, to which supplies could be 
brought from settlements in both Utah and Colorado. 
'The establishment of a miners' trading station at 
Hanksville in 1884 made conditions still more· favor-

1 Gt·cgot·y, H. E., Geology of the Navajo country: U. S. Geol. Sur
"'CY l'rof. Pnper 93, pp. 139-140, 1917. 

able. By using the Dandy crossing as a base the bars 
and alluvial gravel along the Colorado River between 
the mouth of the Fremont and Lees Ferry have been 
intermittently worked since 1883. 

The following notes regarding placer mining in 
Glen Canyon were compiled from conversation and 
personal letters of Mr. Bert Loper, whose knowledge 
of the Colorado River between Hite and Lees Ferry is 
based on many years of experience. 

Gold was discovered near the mouth of Trachyte 
Canyon by Cass Hite in 1883. Most of the mining in 
Glen Canyon was done during the years 1886-1889. 
A few men were at work during the following decade, 
and at least one man continued to pan gold until 1908. 
Doubtless in later years prospectors have worked here 
and there for short periods. 

Beginning at the mouth of Crescent Wash, the 
larger bars explored for gold are North Wash, Ifite, 
Grub Stake, Cape Horn, Monte Cristo, Red Canyon, 
Tickaboo, Good Hope, Sevenmile, Olympia, Califor
nia, Moki, New Year, Burro, Boston, Anderson, 
Shock, Butler, Klondyke, Meskin, and Wright, the 
last of which is near the mouth of Navajo Creek. 
~"rom all these bars enough gold to meet day wages was 
obtained. A good amount of gold was reco':ered at 
Boston, Red Canyon, Klondyke, Moki, Olympia, and 
GQod Hope bars, and the California b.ar yielded more 
than $10,000. All the bars were located as prospects, 
except Good Hope, which is the only patented land 
within Glen Canyon. 
~early all pay dirt is "was4 gravel~' that was de

posited at hig4-water stages of the river, but tests 
showed gold in the Chinle shales and even in dune 
sands blown into. the canyon from surfaces above ~he 
walls.. The richest material mined i~ . composed of 
streaks of adobe within. the gravel-" pQ·~~ery, .~.~J~ky, 
mud, which quickly dissolves in water." . . 

All the metal recovered was flour gold ; there were 
no flakes or nuggets. Most of the gold ~arne_ from the 
layers near the surface of the bars, " at grass roo~s " . 
within the gravel, and at the contact of the gravel and 
bedrock. From bedrock itself the yields were insig
nificant. Assays made for A. P·. Adams of " red 
marl," "blue marl," "blow sand," and river silt 
showed from 20 cents to $1.20 a ton. · 

Frank Bennett, who has long been familiar with the 
placer deposits of Glen Canyon, says that selected 
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gravel from the Gold Coin claim yielded about 72 
cents a cubic yard and that a bar near the mouth of 
Red Creek yielded from 70 cents to more than $1 a 
yard. 2 

Nearly all the mining was done with rotkers, but 
where conditions were favorable home-made sluice 
boxes and quicksilver riflles were installed. Some 
shafts were sunk, and the tunnels in gravel banks a 
hundred feet or more above high-water level on the 
Loper claim near Tickaboo represent much .. hard work 
with pick and shovel. Lack of water fron1 sources 
above the gold-bearing gravel and the expense of 
pumping from the river below have prevented large 
hydraulic operations. A water wheel was tried at 
Good Hope Bar, and in 1900 a power dredge was in
stalled and operated for a few weeks near the mouth 
of Bullfrog (Hanson; Pine Alcove) Creek, but the 
flour gold recovered was insufficient to pay the cost of 
installation.. (See pl. 29, A.) 

During the years 1910-1913 an ·ambitious scheme 
was developed for recovering gold from sandstone, 
shale, and silt on the Paria River at Lees Ferry and 
Pari a. After preliminary study, including many as
says, several hundred claims were located, assessment 
work was begun, and steam dredges and power shovels 

. that were ·freighted from Marysvale were installed at 
the mouth of the Paria. To obtain fuel for operating 
the dredges a coal mine was opened in Warm Creek 
about 10 miles from its mouth, and a wagon road was 
constructed. Fron1 the end of the road a .pack-horse 
trail was built through the narrow canyon portion of 
the Warm Creek Valley to the Colorado River, and 
a barge was constructed for carrying the coal to its 
destination. (See pl. 29, B.) The plan was to re
cover the gold known to exist in nearly all the beds 
of the Chinle formation, which is well exposed at the 
mouth of Glen Canyon and underlies thousands of 
square miles in Arizona and Utah with a thickness 
exceeding 500 feet. 

Assays ·of 14 samples from Lees Ferry, received 
through the courtesy of Mr. C. H. Spencer, show an 
average of about 25 cents a ton for the " silts " de
rived from the Chinle beds. Analyses of three series 
of samples taken by Lawson 3 from equivalent beds 
at Paria showed an average of less than 5 cents of gold 
in a ton of shale and sandstone. The largest amount, 
10 cents a ton, came from a bed of sandstone. Similar 
figures were obtained for the gold content of the 
Moenkopi formation immediately below the Shin
arump conglomerate. Gold appears to be fairly 
evenly disseminated in the Chinle .shales, and· their 
composition and texture make them favorable for 

3 Butler, B. S., and others, The ore deposits of Utah: U. S. Geol. 
Survey Prof. Paper 111, p. 638, 1920. 

8 Lawson, A. C., The gold in the Shinarump at Paria : Econ. Geol
ogy, vol. 8, pp. 44~48, 1913. 

hydraulic mining. The metal occurs, however, as ex
cessively fine flakes and dust and requires much skill 
for its recovery. Because of this difficulty and the
isolation of the mining field, with the consequent 
enormous cost of operation, work at Lees Ferry was 
discontinued in 1913. A few years later an unsuccess-· 
ful attempt was made to revive gold mining at Paria. · 
village in connection with an ill-starred irrigation. 
project .. (Seep. 31.) 

The gold of Glen Canyon is accompanied by black 
sands, consisting of magnetite, hematite, ilmenite,. 
garnet, and small amounts of chromite, zircon, and· 
rutile. One analysis showed 0.15 ounce of platinum 
to the ton.4 Obviously these minerals have originally 
come from mineralized rocks that were different from 
those now exposed in the Kaiparowits region. Some· 
of the placer gold probably has been carried to Glen 
Canyon by streams from the Henry, La Sal, and. 
Abajo Mountains, where gold-bearing veins are 
known, but it seems reasonable to assume that most. 
of it has come from the disintegration of near-by· 
Triassic sediments. 

COPPER 

Prospecting for copper in the Moenkopi, Chinle, . 
and Navajo formation'S has been carried on at a num
ber of plac.es in the Paria Valley, and some low-grade
copper ore is said to have been shipped from the
Hattie Green ~ine, 2 miles west of· Adairville. Small 
lenses of impure green and blue mineralized material,. 
including azurite and malachite, have been noted at. 
several places in red beds assigned to the Glen Canyon. 
and San Rafael groups. Copper appears also at pros-
pect holes in the Tertiary beds of the Aquarius Pla
teau. No· deposits of commercial value have been .. 
found. 

·coAL 

DISTRIBUTION 

A study of the Cretaceous rocks in the KaiparowitS; 
Plateau and the upper Paria Valley indicates that 
beds of coal are restricted to the Dakota ( n sand-· 
stone, Tropic shale, and Straight Cliffs sandstone. 
Most of the emil deposits in the Dakota ( ~) and Tropic
formations are so thin and so poor in quality that 
they have little commercial value, but some of the
coal beds in the Straight Cliffs sandstone are thick 
and of good grade. (See pl. 30.) In the Dakota ( ~) 
sandstone coal appears in almost all places where this. 
formation is exposed. In the Tropic. shale coal is. 
generally absent, but in the upper Pa.ria Valley the· 
lower 100 to 200 feet of this formation contains thin. 
beds of coal. · 

· • Butler, B. S., and others, op. cit., p. 639. 
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In the Straight Cliffs sandstone the main expo~ures 
of coal are in two districts-one on vV arm and Last 
Chance Creeks in east central l(~ne County and the 
other in canyons southwest, of Escalante in Garfield 
County. ·Thinner and less extensive coal beds in the 
upper Paria Valley ft:u·nisli coal for local use at 
Tropic, Cannonville, and I-Ienrieville. In some places 
the Straight Cliffs sandstone appears to lack coal beds. 
Indeed, the known coal deposits of commercial value 
arc distributed over an area of only four or five town
ships in the south -central and northern parts of the 
Kaiparowits Plateau. It is probable, however, that 
the coal-bearing beds of vVarm Creek and Last 
Cha.nce Creek a.re connected under a cover of younger 
beds with those at Escalante, so as to form a coal
bmu·ing area 10 to 15 1niles in width and 35 to 40 miles 
in length. Evidently coal was formerly much more 
abundant, for in most of the south-central part of the 
l(niparowits Plateau, particularly between 'Varm and 
Lust Chance Creeks, the coal-bearing beds in the 
Straight Cliffs sandstone have been much affected by 
burning; the shale which commonly underlies and 
overlies the coal is baked hard, altered in color, and 
much of it burned to clinker. 

COAL IN THE DAKOTA(?) SANDSTONE AND TROPIC SHALE 

Eastward from the point southwest of Cannonville 
in T'. 38 S., H.. 4 vV., where the Dakota ( ~) is cut o~ 
by the Paunsa.ugunt fault, beds of coal and carbona~ 
ceous shale appear in the sandstone and sandy shale 
that cap the escarpments overlooking exposures of 
variegated· Jurassic rocks to the south. As shown by 
marine fossils, most of these coal beds belong in the 
basal portion of the Tropic shale, and the Dakota ( ~) 
is very thin and consists in places entirely of con
glomeratic sandstone. A measured section of the 
lower part of the Tropic shale in sec. 12, T. 38 S., R. 
4 '\V., includes three beds of coal-a bed 7 feet thick, 
including sevei·al thin partings of bone and sand, an
other 1 foot 4 inches thick 5 inches below this thick 
bed, and a third 2 feet thick about 88 feet above it. 
On Sheep Creek in sec. 35, T. 37 S., R. 4 W., corre
sponding beds consist . mostly of bone and very thin 
coni beds but include one bed of coal 2 feet thick. 

This coal zone is continuously and rather promi
Ilently exposed in an extremely irregulal' line that fol
lows the indentations of canyon valleys and the pro
jections of intervening divides. In the vicinity of 
Cannonville and Henrieville the Dakota ( ~) and coal~ 
bearing Tropic cap ·the bluffs that nearly surround 
ench village. There is considerable variation in the 
coal beds, but sections show several beds 2 feet or less 
iu thickness. On the south side of Little Creek in 
sec. 25, T. 37 S., R. 2 W., coal has been mined from a 
bed 2 feet 10 inches thick in the Dakota. ( ~) sandstone. 

The coal is fair· in quality, but it pinches out in a fe'.'.' 
hundred feet. 

Southeast of Henrieville the coal zone swings 
around the north side of Butler Valley to the East 
Kaibab monocline, where the sandstone forms a low 
but persistent hogback for many miles southward in · 
the Cottonwood Valley. Coal is well exposed on the 
Paria River southeast of the point where it crosses 
·the monocline, and locally it is of workable thickness. 
A section measured in sec. 20, T. 42 S., R. 1 vV., shows 
36 inches of good coal and 8 inches of very in1pure, 

· 1:yritiferous coal at the top. A short distance away 
this coal is thinner and much poorer; in sec. 21 of this 
township there is 5 feet of bone and coal, but no good· 
bed more than a foot in thickness. 

In the Dakota(~) outcrop, which may be followed 
from the Pari a River eastward in an irregular line to 
the extremity of the l(aiparowits Plateau opposite 
Navajo Mountain, most measured sections show ·sev
craJ coal beds. Few of then1 are more than 1 foot 
thick, but one bed in sec. 4, T. 41 S., R. 6 E., is 2 feet 
3 j nches thick. At the he·ad of Rock Creek a very 
prominent dark band more than 6 feet thick at the 
Dakota ( ~) horizon consists entirely of bone and very . 
black carbonaceous shale. The Dakota(~) is less 
persistently coal bearing. on the northeast side of the 
Kaiparowits Plateau than in the territory farther 
south and west. Several sections measured southeast 
of Escalante show no Dakota ( ~) coal. 

According to analyses of a sample of typical Dako
ta.( n coal of apparently good grade collected in sec. 
4, T. 41 S., R. 6 E., the ash is 19.6 per cent and sulphur 
2.1 r>er cent, which is relatively high, and the fixed 
carbon is 37 per cent, which is low. The heating value 
of this coal is only 7,280 British othermal units, which 
js very much less than that of good-grade coals from 
the Straight Cliffs sandstone. 

COAL IN THE STRAIGHT CLIFFS SANDSTONE 

Although the coal beds of the Straight Cliffs sand
stone are much greater in prospective commercial 
value, they are in general much less prominent than 
those of the Dakota ( ~), because of the small area of 
the thick coal deposits and partly because of extensive 
burning and poor exposures. Determination of the 
number and extent of the different beds is seriously 
hampered by the impossibility in most places of trac
ing the coals along the outcrop. Because the coal has 
been destroyed by burning to within a few feet of the 
bottoms of the canyons, it is impossible to trace the 
coal beds found on the North Branch of 'V arm Creek 
to the Middle Branch, even where these str{!ams are 
les·s than a mile apart. The same is true of other 
parts of the ·Warm Creek drainage basin and the 
country along Last Chance Creek and its tributaries. 
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As the bottoms of the canyons in the Straight Cliffs 
formation are in most places covered by stream de
posits and talus, the unburned portion ot a coal bed 
may be buried under rock waste. In several places 
the only observed exposure of coal was in the very bed 
of a creek. The fact that somewhat fortuitous shift
ing of stream cutting and deposition may reveal- or 
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identified, and its lithologic character changes rapidly 
in a horizontal plane. In addition, the burning has 
made unrecognizable beds or zones that might other
wise be traceable and has caused slumping, which dis
turbs the beds and more or less conceals them. In 
order to determine as precisely as possible the strati
graphic position of the coal beds geologic sections 

R.B E. 

~-------------------~~~------~~br----~-4--------------~~~--~~----~~~--~L---~~~7~; 
Kw 

F.IGQRE 8.-Map of a pint of Kane County, Utah, showing dist.ribution of coal exposures in the Straight Cliffs sandstone along 
' the tributaries of Warm and Last Chance Creeks. Base and geology by Raymond C. Moore 

completely ·conceal a coal bed, in conjunction with the 
difficulty of procuring detailed stratigraphic informa
. tion, makes it probable that the observed coal deposits 
in the Straight· Cliffs formation are less than the 
actual coal resources present. (See fig. 8.) 

In correlating the coal beds in the Kaiparowits 
region it has seemed necessary to rely mainly on the 

,. stratigraphic position in the formation and the rela
tion of• the ·coal to adjacent beds. In most places the 
Straight ~Cliffs sandstone lacks key beds that can · b~ 

were prepared along each of the canyons where coal 
was found, and the vertical and horizontal positions 
of the coal" exposures were plotted on the sections. 
In this way the stratigraphic position of each bed was 
determined with an· approximate minimum of error. 
It was found that the thicker workable coal beds occupy 
a position that ranges from about 300 to 600 feet above 
the base of the Straight Cliffs .formation and that 
several of the geographically more or less widely 
separated exposures fall at closely corresponding 
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stratigraphic positions. The letters A, B, C, and D 
were assigned to the main coals thus correlated. (See 
pl. 30.) 

In the south-central part of the l{aiparowits Plateau 
no workable coal beds were found below the horizon 
of bed A, a little more than 300 feet above the base of 
the Straight Cliffs formation. On Last Chance and . 
Warm Creeks and locally at other places a number of 
coal beds that average 6 to 8 inches in thickness were 
found in this lower division of the formation. 

Bed A is a workable bed of good coal. On the 
North Branch of Warm Creek in sec. 25, T. 41 S., R. 
3 E., it has a maximum thickness of 3 feet 3 inches 
and stands 310 feet above the base of· the Straight 
Cliffs. The coal is overlain by carbonaceous shale 
and yellow sandstone and underlain by dark carbo
naceous shale. · On the South Branch of W a.rm Creek 
in the northern part of T. 42 S., R. 3 E., this bed is 
seemingly repr~sented by two coals 3 and 6 inches 
thick, separated by a few inches of carbonaceous shale. 
On Last Chance Creek in sec. 35, T. 40 S., R. 4 E., 
coal beds exposed at the horizon of bed A show 5 feet 
6 inches of coal and bone in which the thickest bed 
of good coal is 1 foot 11 inches thick; in sec. 34 of the 
same township bed A is probably represented by four 
coal beds of which the thickest is 17 inches thick. Irr · 
Rees Canyon, farther north, bed A has a thickness of 
25 inches, but the upper 71h inches is of poor quality. 

Bed B is about 460 to 480 feet above the base of the 
Straight Cliffs sandstone. On the Middle Branch of 
Warm Creek in sec. 35, T. 41 S., R. 3 E., it consists of 
5 feet 11 inches of coal and 1 foot 6 inches of bone. 
A bed of good coal 2 feet 6 inches thick on the North 
Branch of Warm Creek and about 20 feet lower strati
graphically seems to correspond to this bed. On the 
lVliddle Branch of Warm Creek in sec. 26, T. 41 S., R. 
3 E., 6 feet 6 inches of coal in two beds is separated 
by 5lj2 incl;les of carbonaceous shale, and the top .of 
the coal is 458 feet above the base of the formatio'n. 
On the South Branch of Warm Creek in sec. 10, T ... 42 
S., R. 3 E., bed B consists of 3 feet of coal 480 feet 

. from the bottom of the Straight Cliffs sandstone. 
The coal is of good quality and has been n1ined on 
a small scale at the only coal mine in the southern 
part of the l(aiparow.i.ts Plateau. On Last Chance 
Creek bed B is represented by 7 feet of very good 
coni that is exposed in the bottom of the canyon in 
the southwestern part of sec. 27, T. 40 S., R. 4 E. 
This coal bed and others have been destroyed by burn
ing to within 15 or 20 feet from the bottom of the 
canyon. A coal bed that is exposed on lower Dry Can
yon a little less than a mile north of this 7 -f.oot out
crop has a thickness of 3 feet 8% inches. Its cor
respondence to bed B is indicated by its stratigraphic 
position. · 

Bed C is best exposed and is thickest on Last 
Chance Creek in sees. 27 and 28, T. 40 S., R. 4 E., 
where the thickness ranges from 9 feet 7 inches to 15 
feet 3 inches and the top is about 495 to 500 feet above 
the base of the Straight Cliffs sandstone. Near the 
mouth of Dry Canyon by digging in the stream bed 
10 feet 6 inc~es of coal of fine quality was measured 
without reaching the. base of the bed. On the Middle 
Branch of Warm Creek in sec. 26, T. 41 ~., R. 3 E., 
12 feet of coal of good quality, separated into two 
beds near the top by a layer of bone 1 foot thick, is 
expoc.ed at the stratigraphic position of bed C. Ex
posures upstream from this locality indicate a thicken
ing of the upper bed, though accompanied by inter
calations of bone and carbonaceous shale. On the 
South Branch of .Warm Creek in sec. 10, T. 42 S., 
R. 3 E., a 3-foot coal of good quality occurs at the 
approximate position of bed C and is tentatively cor
related with it. 

Bed D lies about 600 feet above the base of the 
Straight Cliffs sandstone. Where first examined on 
Last Chance Creek, in sec. 20, T. 40 S., R. 4 E., it 
has a thickness of 3 feet 9 inches and is overlain by 
several feet of carbonaceous shale that contains 
coal beds 15 inches or less in thickness. On Dry 
Canyon the highest coal discovered is about 605 
feet above the base of the formation; it is a hard, 
lustrous bituminous coal of excellent grade more than 
11 feet thick without a parting. After digging several 
feet in the bottom of the creek the base of the bed was . 
not reached. As this coal is burned almost down to 
the canyon bottom no other measurement was made. 
On Warm Creek several coal beds 3 to 13 inches in 
thickness, separated by black carbonaceous shale, lie 
about 600 feet above the base of the Straight Cliffs 
sandstone, but no workable bed was found at this 
horizon. · 

In Dry Canyon good coal beds were found at hori
zons intermediate between beds C and D. In sec. 16, 
T. 40 S., R. 4 E., about 560 feet above the base of the 
Straight Cliffs, occurs a coal of very good quality, 
3 feet 5 inches thick, which is overlain and underlain 
by brown carbonaceous shale. This coal was not 
identified at other localities. In the' same section and 
approximately 20 feet higher occurs a bed of good 
grade coal 3 feet 4 inches thick at one exposure· and 
4 ·feet 5 inches thick at another a few hundred ·feet 
distant. A third coal bed 2 feet thick lies higher 
stratigraphica1ly. 

Two coal beds 16 and 19 inches thick were found 
on Last C~ance Creek a short distance downstream 
from the place where bed D is exposed. The strati
graphi'c horizons of the beds are, respectively, about 
510 and 525 feet above the base of the Straight Cliffs 
sandstone. 
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In the upper Escalante Valley and the upper Paria 
Valley the stratigraphic relations of the coal beds in 
the Straight Cliffs sandstone are ·less well known than 
those a.long the south flank of the Kaiparowits Pla
teau, but in general the beds are better exposed for 
study. · . 

Within 5 miles of Escalante there are about eight 
coal mines and prospect excavations. From four of 
these 1nines the village is adequately supplied. No sys
tematic development has been undertaken. The sites 
have been selected with reference to the thickness of 
beds, stability of roof, and access to feasible wagon 
routes. Pick, shovel, an<;l hand driTl are the tools 
used by the miners, who work when coal is needed. 

The Christensen mine, in Coal Canyon, Willow 
Springs Wash, has been operated each year since about 
1893. During 1917-18 350 tons or coal was taken to 
Escalante, the price being $1.50 at the mine or $3.75 
delivered in the village. At this mine the strata are 
arranged as follows : 

Section in Ohr·istensen nvine, Willow Springs Wash, Utah 

[Measured by ,Herbert E. Gregory] 

Sandstone, massive; cross-bedded at the top ________ _ 
Shale, drab, carbonaceous------------------------~
Coal, good quality-~--.:.----------------------------
Shale, drab ; resembles fire clay--------------------- . 
Coal, with some " bone " ___________________ _: ___ -:----
Shale, drab, gypsiferous; many impressions of plants_ 
Coal, good quality; the present mine (see analyses of 
samples)--~--------------------------------------

Shale, sandy--------------~------------------------
Coal, revealed by drilL ____________________________ _ 

Shale· and sanostone. 

F't. in. 
6 

14. 
7 
8 

3 
3 

.7 10 
6 

12 

The Richards mine, also in Coal Canyon, has pro
duced about 100 tons each year since it was opened in 
1913. The coal is obtained fr~m a bed 11 feet 7 
inches thick that lies between beds of drab shale. 
The bottom 4 feet is discarded because of" bone" and 
pyrite " nigger heads." The remainder is of good 
quality. 

The Schow mine, in Coal Canyon, at a higher alti
tude than the Christensen and Richards mines, is de
veloped in a coal bed 13 feet thick, the top 7 feet of 
which is discarded because it is "too bony for use." 
Massive sandstone beds lie above and below the coal 
with no intervening shale. 

The Winkler mine, in Alvey Wash, contains a bed 
of good coal 9 feet thick and a second bed 2 feet thick 
below 3 feet of intervening shale. 

A prospect hole in Willow Springs Wash reveals 3 
feet 2 inches of good coal underlain in turn by 5 
inches of shal~ that contains abundant fragments of 
plants ·and 7 feet 2 inches of co·al of good quality. 
Another undeveloped mine shows four coal beds re
spectively 1 f.oot 3 inches, 8 inches, 6 feet~ and 4 
inches thick.. All the cliffs southeast of Escalante 

that were examined" show several coal beds, one of 
which at each locality exceeds 6 feet in thickness. 

In a section measured on Cherry Creek about 12 
miles west-southwest of Escalante the coal beds are 
distributed as follows : 

Section on Oherry Greek near Escalante, Utah 

[Measured by Het·bert E. Gregory] 

li't. in. 
Sandstone, massive, cross-bedded ___________________ _ 

Shale, arenaceous --------------------~------------
Coal, upper part of good qualitY---------------------
Shale ____________________________________________ _ 

Coal, of good. quality; breaks into square blocks; 
contains resin ___________________________________ _ 

Covered, probably shale ___________________________ _ 

Coal, of good qualitY------------------------------
Shale and thin sandstone-----------------~---------
Coal, with shale partings __________________________ _ 
Shale, drab, with plant remains ___________________ _ 

64 
15 
1 
2 

9 
lG 

21 
7 
4 
5 Coal, earthy, fibrous -·-----------------------------

Shale, argillaceous --------------------------------
Coal, of good quality, with one thin shale bed________ 9 

6 
3 

8 

6 

6 

Shale----------------~----------------------------- 1 2 
Coal, earthy --------------------------------------- 2. 
Covered; probably shale and thin sandstone_________ 74 
Coal, with much " bone"--------------------------- 2 
Shale----------------------------------------~----- 1 6 

· Coal, of good quality------------------------------- 1 3 
Partly covered shale and thin sandstone_____________ 80 
Coal, of good quality------------------------------- 2 2 
Shale---------------------------------------------- 3 
Coal, with many shale partings_____________________ 5 10 

Shale--~------------------------------------------- 8 
Coal, earthy ----------------:------------------------ 1 6 
Shale, arenaceous, and thin sandstones, ripple marked_ 30 
Coal, of g9od qualitY-----------------------'--------- 7 
Shale, arenaceous _:_________________________________ 20 

Coal, upper two-thirds of good quality-----~--------- 12 
Shale·and thin sandstone ___________________________ 160 

Coal of good quality-------------------------------- 8 2 

The 14 beds of coal shown in this section aggregate 
68 feet 10 inches, more than half of whic4 is prohably 
suitable for conanaercial use. 

Henrieville and some fanailies in Cannonville and 
surrounding ranches receive coal chiefly from the Pol
lock naine, on a branch of Henrieville Creek about 5 
miles north of Henrieville, in the east face of a mesa 
conaposed of Cretaceous sandstone. The beds at the 
mine are arranged as follows .= 

Section at the Pollock mine, nearr Henrie'Ville, Utah 

[Measured by Herbert E. Gregory] 

Coal, of good qual"ty; the lowermost foot is used 
locally by blacksmiths; analyses show little resin 
and no sulphur _________________________________ _ 

Shale, carbonaceous----------~--------------------
Coal, of good qunlity; l1as thin, irrt>gular shale part-· 
ings----------------------------~----------------

Shale, purple and gray ; ·contains impressions of plants 
and carbonized wood _____________ .;.. ______________ _ 

Ft. in. 

4 
8 

6 10 

2 3 
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A. PARIA VALLEY NEAH PARIA 

Remnant of local erosion surface l mile below mouth of CoUonwood Creek 

B . PARIA HIVEH BELOW PARIA 

Narrow ca nyon just above mouth of Couonwood Creek. This cons tric ted portion of the valley occurs where the riv er crosses 
obliquely the upturned Glen Canyon sandston es in the T<:asl Kaibab monocline. 

C. GLEN CANYON AT W ATERPOCKET FOLD 

The slabby sandstone a t right is Todi!Lo (?) formation . The W inga te and Chiule may be sceu downstream. Photograph by 
E. C. La Rue. 
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A. PARIA VALLEY NEAR MOUTH OF COTTONWOOD CREEK 

View looking north alo ng the t rend of the East Kaiba b monocline. The h ogback is 
formed by t he Dakota (~) sa nds tone, the valley to the rigbt by UlC Tropic sbule. 
Photogra ph by G. C. Fraser. 

, 
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B . PAlliA VALLEY 1 MILE BELOW MOUTH OF COTTONWOOD CREEK 

View near the former se lllemcnt of Paria. The stratified rocks are Chinle shale. 

A and B show erosion and deposition along lhc channel of Lhe l'arin llivcr. The river has carved a wide vo lley where U10 rocks arc relatively weak. Flood erosion has s tripped away most of lhe former grass
covered tillable alluvial botlom land, leaving a wide sa nd and gravel covered channel, which in many places is dry , except. during fl oods. 

C. CAVE IN NAVAJO SANDSTONE, HARRIS WASH SOUTHEAST OF ESCALANTE D . ARCH FORMED BY EROSION OF NAVAJO SANDSTONE I N WALL OF ESCALANTE CAN
YON ABOVE MOUTH OF SAND WASH 
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A. CHIMNEY ROCK AND OBELISK CARVED IN SANDSTONE OF SAN HAFAEL 
GROUP ON PARIA RIVER NEAil OLD ADAIIlVTLLE 

Photograph by G. C. Fraser. 

B. ROCK MONUMENTS WEATHERED FilOM ENTRADA SANDSTONE, 
COLLETT CREEK, SOUTHEAST OF ESCALANTE 

PROFESSIONAL PAPER 164 PLATE 28 

C. BALANCED HOCK, ENTilADA 
SANDSTONE, HAilil IS WASH, 
SOUTHEAST OF ESCALANTE 

D . DEMOISELLES ON CHINLE SLOPE, NOilTH FORK OF SILVER FALLS 
CANYON, CIIlCLE CLIFFS 

EROSION REMNANTS 



U. B. GEOLOGICAL SURVEY PROFESSIONAL PAPER 164 PLATE 29 

A. GOLD DREDGE ON COLORADO RIVER NEAR MOUTH OF HANSON (PINE ALCOVE) CREEK 

InsLallcd in 1900 by R. L. Stanlon, Photograph by E. C. La Rue, August, 1915. 

B. STEAMBOAT "CHARLES H. SPENCER," CONSTRUCTED TO TRANSPORT COAL FROM WARM CREEK TO LEES FERRY 
FOR PLACER MINING 

Photograph by E. C. La Rue, August, 1915. 
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A . PETROLIFEROUS MOENKOPI STRATA IN EASTERN PART OF CIRCLE CLIFFS 

B. OIL SEEP ON BANK OF COLORADO RIVER AT "BENNETT'S OIL FIELDS" 



COAL 153 
Ft. in. 

Coal, of good quality, uniform bed; breaks with glis-
tening surfaces------------------------------7 --- 1 6 

Dense clay shule, "fire clay··----------------------- 5 
Uoal, of. good quality, with shale partings and "some 

bone," "excellent for stoves; in forge burns to 
white ash but makes cli'nker " ______ :______________ 9 8 

Shale, dense, drab, part massive; fire clay, used locally 
to malte bricl~ for stove linings___________________ 20 

Below the coal is 130 feet of bedded sandstone that 
overlies the Tropic shale, and above the ·coal lies 160 
feet 'of gray-buff sandstone with subordinate shale and 
included thin lenses of coal 24 feet above the top of 
the section, and a bed of coal 2 feet thick 140 feet 
higher, on the face of the mesa. 

In a mine on the north branch of Henderson Can
yon in sec. 5, T. 36 S., R. 2 W., the lower part of the 
Straight Cliffs sandstone includes 13 feet 4 inches of 
fairly good coal in four beds. 

Seotion of ooaz ai mine in Hende1·son Oa'Jn,yon, Utah 

[Measured by Raymond C. Moore] 
Ft. in. 

Shale, carbonaceous, sandy; forms roof of mine. 
Coal, of fair qualitY-------------------------------- 1 5 
Shnl~ carbonaceous------------------------------- 7 
Coal, of good qualitY------------------------------ 1 2 
Sandstone, light yellowish brown___________________ 5¥.1 
Coal, of good quality------------------------------- 3 9 
Shale, carbonaceous-----------------~-------------- 7 
Bone and thin streaks of coaL---------------------- 6 
Coal, of good qualif\v------------------------------- 4 

·In the southwestern and southeastern parts of the 
.1\::aiparowits Phtteau, where no workable coal be~s 
were observed there are indications that the condi
tions at the ti.;ne of deposition of the Straight Cliffs 
formation were unfavorable for the making of coal. 
On the upper part of Croton Branch of Last Chance 
Creek and farther east, where the Straight Cliffs 
sandstone is excellently exposed, marine fossils were 
found at several horizons, indi~ating that this region 
was more or less constantly under water. Along Wah
weap Creek and the Paria River, where the entire 
thickness of the Straight Cliffs sa{\dstone is exposed 
in bare rock cliffs and where coal is almost absent 
and no ·fossils were seen, the sandstone possibly repre
sents a fresh-water landward facies that is separated 
from the marine deposits farther east by the coal
bearincr intermediate belt. In a similar relation to the 
coal a~ea of the upper Paria Valley northeast of 
Tropic and east of the Table Cliff Plateau is the non 
coal-bearino- Strai0o-ht Cliffs sandstone west and south-

o d west of Tropic. ''Tell-exposed sections of t~e san -
stone on the Paria River in T. 36 S., R. 3 W., in Bryce 
Canyon, and in other valleys farther south show no 
coal beds, but several beds contain fresh-water mol
lusks such as unios. 

In physical features the coal of the Straight Cliffs 
formation differs more or less in different beds and 

18040-31-.11 

in different parts of the regwn. In general it is dis
tinctly bedded and has a fairly bright luster. Some 
of it is very hard and has a subconchoidal fracture 
and a brilliant luster. Some beds show a fine banding 
of alternate bright and dull layers, but other beds are 
massive and either bright or dull. The jointing and 
cleavage are commonly more or less unevenly colum
nar, but in places there is a prominent blocky, sub
cubicl;IJ jointing. That the coal is in general resistant 
to weathering and has exc·ellent stocking qualities is 
shown by the condition of the coal where it is exposed 
in natural outcrops and by the comparatively fres~, 
unslacked condition of coal about the workings and 
dumps. Some of these exposed piles of ccal have been 
subject to weathering for as much as a dozen years. 

A number of samples of the Straight Cliffs coal 
were collected for analysis. A partial statement of 
the analyses is given in the following table. The coal 
samples were carefully dried slightly above room 
temperature until the weight became constant. 

ilnazvses of ooaz sampZes front the Kaiparowits region• 

Mois- Volatile Fixed Sui· British 
Ash thermal Locality ture matter carbon phur units 

----------
Mine on Warm Creek, bed B 

(?), NE. ~sec. 10, T. 42 S., 
4. 7 40.7 48.6 ~.0 0. 7 12,190 R. 3 E., Kane CountY--------1 

Outrrop on Last Chance Creek, 
bed B, sec. 27, T. 40 S., R. 4 

6. 7 38.5 50.2 4.6 .6 10,460 E., Kane County_-----------
Prospert near Escalante, Gar-

11.55 37.23 47.64 3.58 .59 11,107 field County_----------------
Don Shurtz mine, near Esca-· 

12.20 39.35 44.20 4.25 .82 11,108 !ante, Garfield County-------
Outcrop on Cherry Creek, near 

15.30 37.13 37.07 10.50 .47 8,366 Escalante, Garfield County __ 
Do_------------------------ 7. 70 39.58 41.54 11.18 • 76 9,99 5 
Do_------------------------ 10.30 41.23 40.69 7. 78 • 55 9,09 3 

The coal from the Straight Cliffs formation is ma
terially better in average heating value and has a 
lower content of ash and sulpJlur than the coal from 
the Dakota ( ~). Comparison of the analyses given 
above with analyses of typical coals· from Colorado, 
Wyoming, and elsewhere in Utah shows ~hat so~e ~f 
the Straight Cliffs coal of the l{aiparowits regwn IS 

quite as o-ood as most of that in neighboring regions 
b h . In the best of the Kaiparowits coals t e mOisture 

sulphur, and ash are. relatively low, and the fixed car 
bon is high. The heating value of the coal from the 
sample collected in the mine on Warm Creek, 12,.190 
British thermal units, indicates a satisfactory b1tu 
minous coal. 

The distance from markets and the extremely 
rugged character of 1nost of the country will certain~y 
retard development of the coal deposits in Kane and 
Garfield Counties. The small settlements in the re 
gion can be supplied readily, but there are neither 
roads nor habitations in the vicinity of the best coa 
deposits. 
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OIL. AND GAS 

STRATIGRAPHIC CONSIDERATIONS 

The occurrence of oil seeps and oil-:impregnated 
sand.stone in parts of the Kaiparowits region, the 
presence in the San Juan field, not far distant, of pro
ducing wells that obtain oil from rocks that probably 
underlie most of southern Utah; and the existence ot 

· large anticlinal folds have suggested the possibility 
. of obtaining oil and gas in commercial quantities in 

I\.ane and Garfield Counties. These apparently favor
q.ble indications n1ay be considered briefly and the 
results of exploration up to the present time recorded. 

Cambrian rocks probably underlie most of southern 
Utah, but though they consist in part of shallow
water marine deposits with somewhat abundant evi
dences of life and have a lithologic character suitable 
for the accumulation of oil, no oil seeps or other 
definite indications of oil have been found in these 
rocks anywhere in western America. 

The Cambrian beds are deeply buried. In most 
parts of the Kaiparowits region they lie several thou
sand feet below the surface, and they need not be 
considered as prospective oil producers. · 

The thin deposits of Devonian age and the dense, 
massive limestone of Mississippian. age, ranging in 
thickness from 100 to at least 700 feet, probably under
lie all of southern Utah. However, on account of the 
very dense, massive character of these formations, 
which indicates an absence both of suitable mother 
-rocks and of res~rvoir beds, ~t is not likely that com
mercial quantities of oil or gas will be found in them. 

The Pennsylvanian rocks yield heavy oil i.n the San 
Juan oil field, and they are distinctly bituminous at 
many places in southw~tern Colorado. As deposits 
of this age crap out on nearly all sides of the Kai
parowits region, they doubtless continue beneath it. 
But their suitability as oil carriers can be only sur
mised, for exposures of Pennsylvanian rocks in differ
ent parts of the- plateau province show widely differ
ent physical features. In· southwestern Colorado the 
Pennsylvanian comprises about 2,000 feet of alternat
ing beds of coarse arkosic sandstone, conglomerate, 
dense limestone, and a little shale-deposits that were 
formed in rather shallow water on the west side of a 
crystalline land mass, where mechanical weathering was 
comp~ratively active. The conditions are not very 
favorable for accumulations of oil or gas in cOinmer
cial quantities. In southeastern Utah about 1,350 feet of 
Pennsylvanian rocks are exposed in San Juan Canyon. 
They are dominantly fine-grained limestones but in
clude some fine-grained, . essentially nonfeldspathic 
sandstones and thin layers of bituminous shale. The 
stratigraphic relations, especially as regards the rela
tive scarcity of. the shale, do not favor production of 
oil, in spite of the fact that oil seep~ are found and 

that high-grade· oil is obtained in a number of wells. 
In east-central Utah the Pennsylvanian rocks are 
more sandy than those in San Juan Canyon and 
include large quantities of salt and gypsum, which 
point to conditions of sedimentation unlike those in 
any other part of the plateau country. In association 
with the salt deposits a little oil has been discovered. 
In the Grand Canyon region the Pennsylvanian is 
represented by thin-bedded limestone, part of the 
Supai formation, and perhaps by some ~igher beds, 
all unlike those on the San Juan River or in Cataract 
Canyon. In ,fN evada thick marine deposits, chiefly 
limestone, sho\v the presence of the sea in Pennsyl
vanian time. \ In the .Muddy Mountains Longwell 5 

measured more than ·1,100 feet of massive Pennsyl
vanian limestdnes, and at Eureka Hague 6 ' reported 
3,800 feet O'f b~ds, chiefly limestone. 

There. is a singular lack of rocks that were origi
nally muds in the known Pennsylvanian sections of 
Colorado, Utah, northern Arizona, and Nevada. 

'Either conditions were unsuitable for making the 
usual proportion of fine clastic deposits, which are 
commonly· accompanied by abundant organic remains 
and the conditions favorable for the accumulation of 
oil, or these clastic materials are largely localized in 
parts of the region where the Pennsylvanian is con
cealed. At all events, the physical character of the 
Pennsylvani-an deposits, as· indicated by widely scat
tered outcrops and borings, is rather discouraging to 
exploration for oil and gas. However, some oil has 
been found .in these rocks, and conditions suited to 
commercial production may possibly exist at places not 
yet explored. 

The Pennian rocks in southern Utah consist mainly 
of thick sandstone without associated beds that could 
serve as mother rocks for oil. No surface indications 

· of oil h~ve been observed in them, and they are not 
considered promising. 

The Triassic rocks of the l(aiparowits region include 
the Moenkopi formation, one of the most persistently 
oil-containing series in the plateau province. (See 
pl. 31, A.) In places oil_ occurs in the Shinarm,np con
glomerate, also of Triassic a.ge. The sandstones of 
these formations are suitable reservoir rocks, and 
where oil-containing beds are covered by younger beds 
in favorable attitudes it would seem possible to find 
oil in commercial quantity. The Moenkopi is a shal
low-water deposit that contains marine fossils, but it 
is mostly a " red beds " formation, which is commonly 
regarded as an unfavorable source rock for oil. The 
oil in the Shinarump is probably derived from the 
Moenkopi. 

11 Longwell, C. R., The Muddy Mountain overthrust in southeastern 
Nevada: Jour. Geology, vol. 30, p. 66, 1922. 

o Hague, Arnold, Geology of the Eureka district, Nev. : U. S. Geol. 
Survey Mon. 20, pp. 85-86, 1892. 



Tl~e ti1icir j urass1c sandstones afford little encour
agement to the oil prospector, for the. conditions .under 
which most of these rocks were deposited were ex
tremely unfavorable for the preservation and burial of 
any oil-yielding organic materials. 

The Cretaceous formations of the Kaiparowits re
gion comprise alternating porous sandstone and car
bonaceous shale that .contain 
in part abundant remains of 
organisms. 'iVith favorable 
geologic structure the com
me r c i a 1 production of oil 
from these rocks should be 
possible, and the results of 
drilling in adjacent areas of 
Cretaceous beds show that gas 
may be expected.7 No surface 
indications of oil or gas in 
the Cretaceous rocks of the 
l(aiparowits region have been· 
observed. 

The Tertiary beds, because 
of unfavorable lithologic char
acter, topographic position, 
and the absence of suitable. 
structure, need not be consid
ered ns a possible source of oil, 
notwithstanding the fact that 
oil might conceivably be de
rived from· one o:f. the up
turned older beds which the 
Tertiary unconformably over
lies. 

STRUCTURAL RELATIONS 

Structural conditions ap
parently favorable for accu
mulation of oil and gas are 
known in the l(aiparowits 
region. 

In the Circle Cliffs upwarp 
(see p. 119) the Kaibab lime
stone, of Permian age, is ex
posed near the apex of a very 
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about 100 to 250' ieet to the miie, and there is a possible 
collecting area of ·several hundred square miles. A 
detailed reconnaissance of the upper part of the Circle 
Cliffs upwarp shows the presence of minor undula
tions of the beds with axes subparallel to the direction 
of dip but no subordinate folds that might serve to 
trap oil or gas on the flanks of the major anticline. 

CCJ 
Cretaceous 

~ 
Morrison formation (Cretaceou:f '!) 
and San Rafael group (Jurassic) 

~ 
Glen Canyon group (Jurassic?) 

[!0 
· Triassic and Permian undifferentiated; 

includes Chinle, Shinarump, Moenkopi, 
Kaibab, and Coconino formations 

~ 
Boundary oP 

rock formation 

t§f,?a 
Structure contours on ton of 

Kaibab limestone. Interval 
on steeper part. of east side 
of anticline 600 feet; else

where 260 feet; datum 
. is ·mean sea level 

Axis of 
. anticline 

N 

large asymmetric dome, and FIOunm 9.-0utline stratigraphic and structural map of the Circle Cliffs area, Garfi~d County, Utah. 
Based on plane-table surveys by Raymond C. Moore 

the underlying P a 1 e o z o i c . 
rocks, including probable equivalents of the oil-bearing 
Goodridge formation, are under cover at moderately 
shallow drilling depth. (See fig. 9.) There is approxi
mately 1,000 feet of closure, although on the east, south, 
and southwest the beds .descend uninterruptedly thou
sands of feet below the lowest closed contour. The 
average dips on the gentler sides of the fold range from 

? Lupton, C. T., Oil and gas near Green River, Grand County, Utah: 
U. S. Geol. Survey Bull. 541, pp. 115-134, 1914. 

The Escalante monocline is essentially a structural 
irregularity on. the southwest slope of the Circle Cliffs 
upwarp. (Seep. 120.) · Its major axis is parallel to 
that of the main upwarp, but the steep dip is on the 
west side.' The anticline plunges sharply southward; 
whether or not it i.s closed on the north is undeter-
mined. The .Navajo sandstone forms the crest of the 
fold; the Shinarump is probably about 2,300 feet be
low the surface, and the petroliferous beds in the 
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Moenkopi about 2,500 feet. The Goodridge formation 
or its equivalent is almost certainly not less than 1,000 
feet deeper. . · . 

The Collett anticline is a southward-plunging fold 
or rather a '~nose" superposed on the southwest flank 
of the Circle Cliffs upwarp. Although in some places 
R concen~ration of fluid hydrocarbons might be ef
fected by such structure, this fold is regarde~ as 
unpromising. 

The Rock Creek anticline is a well-defined, rather 
symmetrical elongated dome, very low on the Circle 
Cliffs upwarp and practically at its southwest margin. 
(See p. 121.) The amount of closure was not deter
mined definitely but appears to be at least 400 feet. 
On account of the very low position of this anticline 
with reference to the regional structure as a whole, it 
might be assumed that the possible collecting area of 
the fold would be small, but the probability that the 
rocks of this region are only partly water filled may 
greatly modify the distribution of oil, as may also the 
movement of ground water. The Navajo sandstone 
is exposed along the crest of the anticline near the 
head of Rock Creek. The Shinarump conglomerate, 
which· yields oil on the Colorado River about 25 miles 
to the northeast, is probably not less than 2,000 feet 
below the surface in places where erosion has removed 
most of the overlying rocks, and the possibly petro
liferous Moenkopi sandstone is a few hundred feet 
deeper. Because of the great thickness of the Triassic 
and perhaps also of the Permian rocks in this part of 
the Kaiparowits region, the top of the Pennsylvanian 
is probably about 3,500 to 4,000 feet below the surface. 
Extreme topographic difficulties and the isolated loca
tion almost preclude drilling. 

The Smoky Mountain anticline, on the southeast 
flank of the Kaiparowits downwarp, is a clearly de
fined fold that trends almost at right angles to the 
regional strike. There is no observed closure, and no 
oil seeps or indications of gas have been observed in 
the Cretaceous rocks that are involved in the anticline. 

In the Paria platform and the Kaibab upwarp there 
seems to be small reason to expect accumulations of 
oil or gas. 

The Paunsaugunt fault involves the sandy beds and 
richly· organic shale at the ·bottom of the Cretaceous 
section. The sandy beds are well fitted to serve as 
reservoirs and the shale to serve as a source rock of oil 
or: gas, and on the west side of the fault there would be 
a possibility of finding commercial quantities of oil or 
gas if the strata were adequately sealed. As these 
Cretaceous beds are dropped to a position opposite 
porous and very thick Jurassic sandstol).e and as, so 
far as ~nown, the beds west of the fault dip somewhat · 
uniformly northward so that the beds are open to the 
south, an accumulation which under other conditions 
•would be likely is made very unlikely. No seeps or 

other indications have been observed aiong the line of 
the P~unsaugunt fault. 

EXPLORATION 

The only oil well in the Kaiparowits region is that 
drilled by .the Ohio Oil Co. near the topmost part of 
the Circle Cliffs up warp, just west of W agonbox Mesa, 
in sec. 25, T. 34 S., R. 7 E. (unsurveyed). Drilling 
was begun January 24, 1921, with a standard rig. 
Work was retarded by difficulties ·of various sorts, and 
finally, after penetrating 122 feet of water-bearing 
sandstone, the well was abandoned N ovmnber 9, 1921, 
at a depth. of 3,212 feet. 

This well is believed to have reached the top of the 
Goodridge formation (Permian and Pennsylvanian) 
at a depth of 1,630 feet.· (Seep. 157.) As there is no 
satisfactory basis for correlating the bottom rocks in 
the well it is very uncertain whether all the 1,582 
feet of beds that are tentatively assigned to the Good
ridge really belong to that formation. It is reasonably 
sure that beds corresponding in position to those from 
which the oil is obtained in the San Juan field were 
penetrated in the Circle Cliffs test. 

At the point where the vV aterpocket Fold is crossed 
by the Colorado River and where an oil seep is found 
in the Shinarump sandstone, a number of oil claims 
have been filed and some preliminary development 
work done. (See pl. 31, B.) In the summer of 1921, 
when this place, locally !mown as "Bennett's <Yil 
field," was visited, the rig was on the ground.,· but only 
a few feet of hole had been drilled. The position of 
the site a little above the petroliferous beds in the 
Moenkopi on the axis of the vV aterpocket monocline, 
far below the crest of the dome in the Circle Cliffs, 
makes a test well especially interesting. If the oil
bearing zone is only partly filled by oil and water 
commercial production might be obtained from a well 
drilled a considerable distance below the crest of an 
anticlinal fold, or even in an adjacent syncline, as has 
been done in the San Juan field. The position of the 
zone of such an accumulation of oil would depend on 
the extent to which the porous reservoir was filled 
with liquid. :Possibly, therefore, oil may be found 
here, even though the well in the CirCle Cliffs did not 
produce oil. 

About ·3 miles west of Caineville, in Wayne County, 
the Ohio Oil Co. drilled another tes~ well to a depth 
of 3,650 feet, on the top of a small dome. In this lo
cality Upper Jurassic sandstones occur at the surface. 
No oil. or gas was reported. As this well was started 
nearly 3,000 feet stratigraphically above the top of 
the Circle Cliffs well, it did J?.O~ reach the Pennsyl
vanian, but it did reach the Shinarump and Moenkopi. 
formations. As oil~impregnated sand is known at 
several places where these formations crop out, the 
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faiiure of the Caineville well is possibly due to incom
plete filling of the. rock with oil and water .. 

An unsuccessful well was drilled in 1921 and 1922 
by the Carter Oil Co. on the San Rafael Swell in 
Emery County, where the general geologic conditions 
are similar to those in th~ Circle Cliffs. The well was 
abandoned at a depth of 3,035 feet, water having been 
encountered at 2,900 feet. 

CONCLUSIONS 

The l{aiparowits region contains oil-bearing fornla
tions as well as anticlinal structure, and in spite of 
adverse findings in the wells in the Circle Cliffs and 
near Caineville oil may possibly be found in commer
cial quantities. However, the difficulties and the ex
pense of exploration are relatively great. 

A factor that should not be overlooked in forming 
conclusions concerning the possibilities of obtaining 
oil in this region and the significance of the test wells 
is the possible or even probable absence of abundant 
water in the oil-containing beds. In partly water-· 
filled rock the oil will not be lifted by difference in 
specific gravity to the uppermost part of the anticlines 
but may be found on the flanks or even in the syn
clines, as in the San Juan field. It is perhaps signifi
cant that the marked surface indications of oil in beds 
that are exposed occur on the east side of the Circle 
Cliffs dome, where the dip is steep, and at the axis 
of the anticline in the Colorado River Canyon, where 
it is far below the summit of the dome in the Circle 
Cliffs. If oil is present in the Pennsylvanian or other 
beds beneath the surface at Circle Cliffs, and if it only 
pnrtly fills the reservoir space and is gathered on thf> 
flanks rnther than at the apex of the dome, the tes1 
of the Ohio Oil Co. would be inconclusive. Except at 
8uch a. point as "BenJ).ett's oil field," on the Colorado 
River, where the potentially oil-bearing formation~ 
lie within practicable drilling depth and in a favor
able position on the anticline, it would be difficult or 

• 
impossible to test the flanks and the adjacent synclines 
to the stratigraphic depths reached by the Circle Cliffs 
well. Similar structural situations may readily be 
selected on the Kaibab upwarp-for example, in T. 41 
S., R. 2 ,V. 
Record of the Ohio Oil Oo. well No. 1, Oircle Olt"ffs, Garfie~a 

Oounty, Utah_ 

[Geologic correlation by R. C. Moore] 

Thickness Depth · 

Kaibab limestone, Coconino(?) sandstone, 
and Supai(?) formation: 

Yellow soil and sandy clay ___________ . 
Brown sandy soiL-------------------1· 
Hard white sand ___________________ _ 
Yellow sand _______________________ _ 

Hard white sand--------------------1 Sandy w~ite shell ___________________ 
1 Hard white sand ___________________ _ 

Loose brown sand __________________ _ 
Hard white sand ___________________ _ 
Fine yellow sand _____ ---- __________ _ 
Gray shell _________________________ _ 
Hard red sand _____________________ _ 
Red clay __________________________ _ 
Red rock __________________________ _ 
Lime shell ______________________ - - - -
Gray slate _____________ ---- ________ _ 
White sand __________ ------ ________ _ 

Goodridge(?) formation: 
Limestone _________________________ _ 
Hard white sand ___________________ _ 
Gray sand _________________________ _ 
White lime ______________________ ---
Gray sand _________________________ _ 
Reddish sand ______________ ------ __ _ 
Hard white sand ___________________ _ 
Gray sand _________ ---- ____________ _ 
White lime ______ ---- __________ -----
White sand ____________________ -----
White lime __________________ ---- __ _ 
Red sand and shale _________________ _ 
Red rock and shale _________________ _ 
Red sand and shale _________________ _ 
Red rock ____________________ .: _____ _ 
Red sand __________________________ _ 
Red sand and shale _________________ _ 
Red shale _________________________ _ 
Sand _____________________________ _ 
White lime ________________________ _ 
White water sand ______________ -- __ _ 

{feet) {feet) 

36 
15 
99 
10 

5 
10 

135 
60 

13~ I 
25 
65 
20 
40 
20 
65 

885 

70 
550 

. 40 
35 
15 
20 
35 
55 
85 
25 

260 
20 
20 
20 
30 
10 
20 
25 
20 

105 
122 

36 
51 

150 
160 
165 
175 
310 
370 
375 
510 
535 
600 
620 
660 
680 
745 

1,630 

1, 700 
2,250 
2,290 
2,325 
2,340 
2,360 
2,395 
2,450 
2,535 
2,560 
2,820 
2,840 
2,860 
2,880 
2,910 
2,920 
2,940 
2,965 
2,985 
3,090 
3,212 
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