
The Hurricane fault zone and the Cedar
Pocket Canyon-Shebit-Gunlock fault complex,
southwestern Utah and northwestern Arizona

Item Type text; Dissertation-Reproduction (electronic)

Authors Lovejoy, Earl M. P.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:03:29

Link to Item http://hdl.handle.net/10150/565618

http://hdl.handle.net/10150/565618


THE HURRICANE FAULT ZONE, AND THE CEDAR POCKET CANYON- 
SHEBIT-GUNLOCK FAULT COMPLEX, SOUTHWESTERN UTAH AND

NORTHWESTERN ARIZONA

by
Earl Mark Paul Lovejoy

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF GEOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

1964



THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my

direction b y _______ Earl Mark Paul Love joy _____ ■' '

entitled The Hurricane Fault Zone, and the Cedar Pocket 
Canyon-Shebit-Gunlock Fault Complex, Southwestern Utah 
and Northwestern Arizona______ ____________________________
be accepted as fulfilling the dissertation requirement of the

degree o f _____  Doctor of Philosophy______ '_____

& * * *  / ? 6 < /
Dissertation Director Date

After inspection of the dissertation, the following members 

of the Final Examination Committee concur in its approval and 
recommend its acceptance:* *

d * * ,  A

I/Jjuu TifR
3 2-. /y/y 
*> 2., (96  f  

d?u/a--z~, /vLb-

*This approval and acceptance is contingent on the candidate's
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory
performance at the final examination.



STATEMENT BY AUTHOR

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at 
The University of Arizona and is deposited in the Uni
versity Library to be made available to borrowers under 
rules of the Library.

Brief quotations from this dissertation are allow
able without special permission, provided that accurate 
acknowledgement of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head 
of the major department or the Dean of the Graduate 
College when in his judgement the proposed use of the
Instances, however, permission must be obtained from 
author. /-) /

SIGNED:



TABLE OF CONTENTS

Page
LIST OF ILLUSTRATIONS....................... vii
LIST OF TABLES...............................   xi
ABSTRACT ..............................................  xii
INTRODUCTION .........................................  1

Purpose ..............Previous Investigations 
Acknowledgements .....

GEOGRAPHY ............................................. 5
STRATIGRAPHY ........................     9

Precambrian Rocks.....................   10
Paleozoic Rocks below the Pennsylvanian Callvilie

Formation....................................  10
Pennsylvanian and Permian Systems................  12

Callville Formation (Pennsylvanian) ..........  12
Pakoon Formation (Permian) .................... 13
Supai Formation (Permian) ....................  15
Kaibab Formation (unrestricted; Permian) .....  15

Triassic and Jurassic Systems ..................... 18
Hoenkopi Formation (Triassic) ................  18
Shinarump Conglomerate and Chinle Formation

(Triassic) ............   21
Navajo Formation (Jurassic) ..........    26
Carmel Formation (Jurassic) ..............   27

Mesozoic Rocks Younger than the Carmel Formation .. 2?Cenozoic System ................................... 29
Claron Formation (Paleogene) .................  29
Surficial Deposits (Neogene) .................  33

IGNEOUS ROCKS ...............       35
Paleogene-Early Neogene Volcanics ................. 35
Pine Valley Mountain Diorite .....................  35
Neogene Basalts.... ...............     37

ill

u> 
roh
-*



Iv

TABLE OF CONTENTS— Continued

Page
REGIONAL STRUCTURAL GEOLOGY.........................  39

THE HURRICANE FAULT ZONE— DESCRIPTIONS OF MAJOR
STRUCTURES......................................  45
Kanarra Fold....... .......
Black Ridge Anticline .....
Pintura Anticline .........
Toquerville Anticline .....
Timpoweap Monodine ........
Rock Creek Monocline ......
Hurricane Monocline .......
Taylor Creek Thrust Fault ..
Ash Creek Fault Z o n e .... ..
La Verkin Reverse Fault ....
Timpoweap Fault ...........
Airport Fault ..............
Sugar Loaf Butte Cross Fault
Main Hurricane Fault ......
State Line Fault ..........

46
46

1
48
49
49
50 
50
50
51 
51 
51

THE HURRICANE FAULT ZONE— DESCRIPTION OF CROSS
SECTIONS........................................  52
The Fort Pierce Wash-Sugar Loaf Butte Sector ....  53

Fort Pierce Wash Southern Cross Section
(AA-AA*) ................................  53

Fort Pierce Wash Northern Cross Section (A-A') 56
State Border Southern Cross Section (B-B*) ... 59
State Border Northern Cross Section (C-C*) ... 6l 
Section 22, T.43S., R. 13W., Cross Section

(D-D*) ..................................  62
Section 10, T.43S., R.13W., Cross Section

(E-E*) ..................................  64
Section 3> T.43S., R.13W., Cross Section

(F-F*) ..................................  65
The Timpoweap Monocline Sector...............  68

Sugar Loaf Butte Southern Cross Section (G-G1) 68
Sugar Loaf Butte Northern Cross Section (H-H*) 71
Timpoweap Canyon Cross Section (I-I*) ........ 72
La Verkin Cross Section (J-J*) ..............  73
Toquerville Hill Southern Cross Section (K-K*) 74
Toquerville Hill Northern Cross Section (L-L*) 75



V

Page
THE HURRICANE FAULT ZONE— DESCRIPTION OF CROSS 

SECTIONS— Continued
Black Ridge Anticline— Toquerville Anticline

Junction....................................  77Black Ridge Anticline Sector ....................  81
Anderson Junction Subsector (M-M* to Q-Q*) ... 81
Pintura Subsector (R-R*) ........ ............ 86
Deadman Hollow Subsector (S-S*) .............  87

Deadman Hollow to Camp Creek Sector.............  91
Deadman Hollow Cross Section (S-S*) .........  92
Fall Creek Cross Section (T-T*) .............  93
Taylor Creek Cross Section (U-U*) ........... 9^
Locust Creek Cross Section (V-V*) ........... 96
Wayne Canyon Cross Section (W-W*) ....    97
Camp Creek Cross Section (X-X*) .............  97

Camp Creek to Kanarra Creek Sector..............  98
Spring Creek Cross Section (X-X*) ...........  98
Kanarra Creek Cross Section (Z-Z*) ..... .. 101

THE CEDAR POCKET CANXON-SHEBIT-GUNLOCK FAULT COMPLEX 107
Cedar Pocket Canyon Fault ........................  107

The Eastern Fault Block....................  109
The Eastern, Steep Normal Faults .............  109
The Interfault Z o n e .........................  110
The Western, East-Dipping Reverse Fault and

Western Fault Block...................  Ill
Shebit Fault .....................................  119
Gunlock Fault ....................................  122

SPECIFIC GE0M0RPHIC STUDIES ...................   127
Neogene Basalt Flows and Hurricane Fault Displace

ments ............................    127
The Fort Pierce Wash-Sugar Loaf Butte Sector 128
The Timpoweap Monocline Sector ...............  131
The Black Ridge Sector .......................  135

Erosional Rates in the Hurricane Fault Zone Area 137 
Origin of Hurricane Cliffs between Fort Pierce

Wash and Toquerville .........................  140

TABLE OF CONTENTS— Continued



TABLE OF CONTENTS— Continued

Page
CHRONOLOGY..... ................................. 1#

Evolution of the Kanarra Fold In Absolute Time .. 144-
Age of Major Faulting from Anderson Junction

to Kanarraville ..........................   146
Age of Main Hurricane Faulting..............  151

KINEMATICS ........................  154
Structural Homologues in the Hurricane and Cedar

Pocket Canyon-Shebit-Gunlock Fault Systems .. 154
Salients in the Hurricane Fault Zone ............ 157
Kinematics of the Black Ridge and Kanarra Folds 159 
Kinematics of the Toquerville Anticline and

Tlmpoweap Monocline ...........   163
Geometry and Kinematics of the Hurricane Fault

Z o n e ................     166
Geometry and Kinematics of the Cedar Pocket

Canyon-Shebit-Gunlock Fault System .......... 177
KINETICS.........................    182

The Vertical Forces Involved ...................  182
The Direction of Horizontal Forces Involved ....  186

CONCLUSIONS.......      188
Conclusions of Tectonic Significance ...........  188
Conclusions of Geomorphic Significance .......... 188

APPENDIX ................          189
LIST OF REFERENCES .................................  191



LIST OF ILLUSTRATIONS

1. Index Map of Southwestern Utah and Northwestern
Arizona......... ........................... 4a

Figure Page

2. Geologic Map of the Hurricane Fault Zone .. in pocket
3. Cross Sections of the Hurricane Fault Zone,

Fort Pierce Wash to Anderson Junction • in pocket
Cross Sections of the Hurricane Fault Zone,

Anderson Junction to Kanarraville ....  in pocket
5- Index Map of Major Structures in Southwestern

Utah and Northwestern Arizona ............... 38

6. Index Map of Major Structures of the Hurricane
Fault Zo n e .............. ................... 44

7. Sketch Views of the Hurricane Cliffs in the Fort
Pierce Wash-Sugar Loaf Butte Sector ........  54

8. Diagrammatic Analysis of Structure in State
Border Northern Cross Section............ 60

9. Hurricane Cliffs in Section 22, T.43 S., R.13 W. 63

10. Main Hurricane Fault, Section 22, T.43 S.,
R.13 W., ...................................  63

11. Hurricane Cliffs in Section 3, T.43 S., R.13 W. . 66

12. Geologic Map of the Hurricane Airport A r e a ......  69

13• South End of Timpoweap Monocline................ 70
14. Hurricane Cliffs at Sugar Loaf Butte ..........  70

15* Diagrammatic View Northward of Toquerville
District...................................  76

16. Southern End of Black Ridge East of Anderson
Junction...................................  78

vli



viii
LIST OF ILLUSTRATIONS— -Continued

Figure Page
17. North End of Tlmpoweap Monocline ................ 79
18. Southern End of La Verkin Reverse Fault In

Hurricane Cliffs East of Anderson Junction .. 79
19. Vertically Dipping Kaibab Strata at Southern End

of Black Ridge Anticline ...................  79
20. Diagrammatic View Northward of Junction of Black

Ridge and Toquerville Anticlines ...........  80
21. Diagrammatic View Eastward of Great Corner of

Hurricane Cliffs East of Anderson Junction .. 80
22. Diagrammatic View Northward of Black Ridge Antl-

cllne-Toquerville Anticline Junction ......  81
2 3. Sketch Views of Small, Complex Folds and Faults

in the Hurricane Fault Z o n e ...... .......... 83
24. La Verkin Reverse Fault Zone on East Side of

Black Ridge ................................. 85
25. Sketch Views of Currant Creek Locality .........  89
26. View Southward of Taylor Creek Thrust Fault ..... 95
2 7. Structural Details of the Hurricane Fault Zone

in Spring Creek............................  99

28. Chinle-Navajo Contact Relationships in Upper
Spring Creek............... ~.............. . 100

29. The Kanarra F o l d ................................ 102
30. The Overturned Taylor Creek Thrust Fault at

Kanarra Creek ............................... 102

31. The Cedar Pocket Canyon-Sheblt-Gunlock Fault
Complex........... .................. .in pocket



lx

LIST OF ILLUSTRATIONS— Continued

Figure
32. Cross Sections of the Cedar Pocket Canyon Fault

a. Cross Section A-A* 
t>. Cross Section B-B* 
c. Cross Section C-C*

3 3. Cross Sections of the Cedar Pocket Canyon and
Shehlt Faults ............................
a. Cross Section D-D*
b. Cross Section E-E*
c. Cross Section F-F*

34. Cross Sections of the
Shebit Faults ...
a. Cross Section
b. Cross Section
c. Cross Section

35. Cross Sections of the
a. Cross Section
b. Cross Section
c. Cross Section

3 6. Cross Sections of the
a. Cross Section
b. Cross Section
c. Cross Section

Cedar Pocket Canyon and
G-G*
H-H*I-I'
Shebit and Gunlock Faults 
J-J*
K-K'
L-L*
Gunlock Fault ..........
M-M*
N-N'
0- 0'

37. View North along the Hurricane Cliffs toward
Cross Sections E-E' and F-F' ..............

38. Kinematics of the Hurricane Fault Zone in the
Interval between Cross Sections D-D' and F-F'

39. Kinematics of the Hurricane Fault Zone in the
Sugar Loaf Butte-Tlmpoweap Canyon Interval

40. Kinematics of the Hurricane Fault Zone in the
Southern End of the Black Ridge Anticline ..

41. Kinematics of Black Ridge Anticline, La Verkin
Reverse Fault, and Ash Creek Fault at 
Pintura............................ .......

Page
108

112

117

120

123

129

168

169

170

172



X

Figure page
42. Kinematics of the Hurricane Fault Zone in the

Interval Between Cross Sections R-R' and
T-T* .......................................  173

43. Kinematics of the Hurricane Fault Zone in the
Camp Creek-Kanarra Creek Interval...........  174

44. Application of the Strain Ellipsoid to the
Structures of the Hurricane Fault Zone ......  186

LIST OF ILLUSTRATIONS— Continued



Table

LIST OF TABLES

Page
I Stratigraphic Sections-Zion National Monument ... 11
II Stratigraphic Sections Southwest Utah and

Northwest Arizona..........................  11
III The Chinle Formation - Old and New Usage....... 24

xl



ABSTRACT

A detailed study of the Hurricane fold-fault complex 
between Fort Pierce Wash and Kanarraville, and the Cedar 
Pocket Canyon-Sheblt-Gunlock fold-fault complex indicates 
that the major faults are reverse, primarily of Laramide and 
Paleogene age, with lesser Neogene displacements.

Sketchy post-Mlsslssippian sedimentational history 
indicates that the Hurricane fault zone was a locus of 
secular unrest, culminating as the Hurricane fold-fault 
complex in Late Cretaceous and Paleogene time and con
tinuing to the present.

Eastward-dipping, convex-up, downthrown strata (reverse 
drag; sag), herein called the Hurricane monocline, are 
bounded on the east by the Main Hurricane fault. of Laramide 
age by analogy with the Grand Wash fault and the great 
monoclines of the southwestern Colorado Plateau, which out
crops south of Hurricane in two places. It dips east 68 

degrees to 75 degrees with reverse displacements of 2,800 
feet and 5,000 feet. West-dipping subsidiary normal faults 
and monoclines form in the upthrown block; the best known 
of these is the Tlmpoweap fault (the classical Hurricane 
fault at Tlmpoweap Canyon). Between Sugar Loaf Butte and 
Toquerville is the Tlmpoweap monocline, bounded on the east

xil
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by the Tlmpoweap fault. The Rook Creek monocllne lies 12 to 
18 miles south of Hurricane as a similar structure. The 
Main Hurricane fault forms the Join between the Hurricane 
monocline and the Tlmpoweap and Rock Creek monoclines.

Between Anderson Junction and Deadman Hollow is the 
Black Ridge anticline. Northward to Kanarraville is its 
continuation, the Kanarra fold. The La Verkin reverse fault 
and Taylor Creek thrust fault dip east on the east flanks 
of the Black Ridge anticline and Kanarra fold, respectively. 
The Kanarra fold is of Laramide age; the folds and faults 
are oogenetic. The Main Hurricane fault, the La Verkin re
verse fault, and the Taylor Creek thrust fault constitute 
the Older Hurricane fault, a reverse fault of Laramide age.

A Younger Hurricane fault extends from Kanarraville to 
Anderson Junction forming the Hurricane Cliffs and the west 
side of the Black Ridge anticline. Between Anderson Junction 
and Sugar Loaf Butte the Older and Younger Hurricane faults 
apparently are Joined. South of Sugar Loaf Butte the Younger 
Hurricane fault diverges southwestward from the Older, ending 
in the Shivwits monocline.

Reverse displacement on the Older and Younger Hurricane 
faults was continuous, forming earlier on the Older, continu
ing for an indefinite period on both, but Increasingly on the 
Younger, and finally continuing solely on the Younger Hurrl-
cane fault



xiv
In the zone between the Older and Younger Hurricane 

faults compressional features formed. The Black Ridge anti
cline resulted from diapir-like upsqueezing of a decollement 
fold, and the overturning of the Kanarra fold resulted from 
decollement thrusts peeled from the Younger Hurricane fault 
dropped block.

Laramide displacement on the Older Hurricane fault 
approximates 2,000 feet at Taylor Creek and Anderson Junc
tion; and 5,000 feet at the state border. Paleogene dis
placement on the Younger Hurricane fault approximates 6,000 
feet at Taylor Creek; Neogene displacement is 2,000 feet at 
Pintura and 2,500 feet near Sugar Loaf Butte, of which 1,400 
feet is post-Neogene basalt. Apparently, displacement was con
tinuous with Laramide-early Paleogene culmination and Neogene 
attenuation. Present tectonlsm may be the coda of the Laramide 
macroseism.

The Hurricane Cliffs from Kanarraville to Anderson Junc
tion are a fault scarp. Between Anderson Junction and Sugar 
Loaf Butte they are a resequent fault line scarp formed on the 
Tlmpoweap fault. South of Sugar Loaf Butte they are a resequent 
fault line scarp on the Main Hurricane fault.

The Cedar Pocket Canyon-Shebit-Gunlock fold-fault com
plex manifests structures homologous with and a history 
similar to that of the Hurricane fold-fault complex.



INTRODUCTION

Purpose
To those who are familiar with the Hurricane fault 

and the literature which has accumulated concerning it 
this paper may appear unnecessary. One need only read the 
many articles by specialists in southwestern Utah geology 
to realize the unanimity of published opinion concerning 
the development of the Hurricane fault as a Neogene normal 
fault which many believe to result from sundering of the 
crust following prodigious extravasations of Ollgocene 
and early Miocene volcanic rocks which engulfed the region. 
The great weight of published evidence seems to prove the 
point beyond a doubt.

Yet, there is reason to believe that there have 
been depicted on maps and cross sections structures which 
do not exist; that there have been overlooked important 
evidences; and that there have been published interpreta
tions which are not the unique solutions to problems they 
reputedly solve.

The author*s belief that much remains to be learned 
about the complex structure which has long been called the 
Hurricane fault zone has led him along a course of inter
pretation which is greatly out of accord with published

1



opinions, maps, and cross sections of the Hurricane fault 
zone. By analogy with Supreme Court decisions, this 
dissertation is presented as a dissenting, minority report 
and an attempt to show that the Hurricane fault is 
primarily a Laramide and Paleogene reverse fault.

Previous Investigations
The literature pertaining to this region and 

problem is large. Beginning with the reports of the 
Wheeler and Powell Surveys of the 1870*s and 1880*8 it 
extends to the present (1964). Perhaps the most useful 
summaries for reference are the two guidebooks published 
by the Intermountain Association of Petroleum Geologists 
and the Geologic Atlas for Washington County, Utah by 
E.F.Cook (Utah Geological and Mineraloglcal Survey 
Bulletin No. 70, i960).

The single most authoritative work on the Hurri
cane fault zone is that of Gardner (1941), but the report 
by Huntington and Goldthwait (1904) is of almost equal 
significance.

Substantial evidence is presented by Gregory (1950a 
1950b), Gregory and Williams (1947), Thomas and Taylor 
(1946), Averitt (1962, 1964), Threet (1952), and Cook 
(1950, 1952, 1957, i9 60). Dobbin’s paper (1939) is an 
excellent source of information for the St. George basin



region. Koons (19^5) gave valuable information concerning 
the Hurricane fault in the Uinkaret volcanic field on the 
north side of the Grand Canyon.

Classical works of value include those of Dutton 
(1880, 1882a, 1882b), Davis (1903) and Huntington and 
Goldthwait (1904).

Moore (1958) has given an excellent map of northern 
Mohave County, Arizona, which has been of great help.

Acknowledgements
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to the author. Howard M. Jack, Arthur F. Bruhn, Edward 
Poehlman, Donald Barrett, and Dr. Gilbert Lenz have been 
more than helpful in their contributions. Dr. Chester B. 
Longwell very kindly reviewed earlier versions of this paper 
and offered many sorely needed advices. Mr. Louis Gardner 
also reviewed earlier versions of this paper, offered sugges
tions, and shared observations; more importantly, he very 
kindly loaned me his original copy of the 1941 geologic map 
as a base for my own observations.

Finally, Dr. Evans B. Mayo has been most patient 
with my attempts to present a paper which is most difficult 
to read, understand and judge; he has commented most per
ceptively on many points developed in this theory.

3



4
There ought to be no need to add that the author 

is responsible for any errors of ommisslon or commission 
and only he should be held responsible for any shortcomings 
of this paper.

Preparation of this dissertation has been undertaken 
partially while the author held National Science Foundation 
Doctoral Fellowships. The financial assistance given by the 
National Science Foundation and by the University of 
Arizona are most gratefully acknowledged.



4A

E X P L A N A T I O N
U T A H Pa r o wo n

N E V.

Kanorroville Pintura 
Toeuerville 
La Verkin 
Hurricane St. George

A R I Z 0 N A
0 10 20 30 40CALIF.

SCALE
miles

S_ eP

N E V A D

Shiv wits « ;  
Plateau 3)

•  L Vs

Index Map
Southwestern Utah

and
Northwestern Arizona

Figure I

0 a1



GEOGRAPHY

The Hurricane fault extends from Peach Springs, 
Arizona, northward to Kanarravllle, Utah (Pig. 1) as a 
reasonably well-defined fault zone, north of which it tends 
to become more diffuse past Cedar City and thence to Parowan 
according to recent work by Threet (1952, p. 1-3)• Dutton 
(1880, p. 28) originally extended the fault zone northward 
past the west flank of the Tushar Range.

North of the Colorado River, the Hurricane Cliffs 
separate the Shivwits Plateau on the west from the Uinkaret 
Plateau on the east. Near the Arizona-Utah state boundary 
line the northern side of the Shivwits Plateau slopes down 
into the St. George basin. North of that slope the Hurri
cane Cliffs separate the St. George basin on the west from 
the northern end of the Uinkaret Plateau on the east.

Hurricane, Utah, which lies 12 miles north of the 
state line, is the first town on the fault north of Peach 
Springs, over 130 miles to the south. La Verkin, Utah, lies 
near the Hurricane Cliffs one mile north of Hurricane; 
Toquerville, also at the foot of the Cliffs, is three miles 
north of La Verkin, at the northwestern corner of the 
Uinkaret Plateau.

5



6
Anderson Junction is about two miles northwest of 

Toquerville; Pintura is about 4 miles north-northeast of 
Anderson Junction. The next town north, Kanarraville, on the 
northern border of the area studied, is about 14 miles 
north-northeast of Pintura.

East of Anderson Junction and Pintura is a long, 
high ridge, called variously Bellevue Ridge, Black Ridge, 
or the Hurricane Cliffs. Black Ridge, as it shall be called 
here, extends nine miles northward from the latitude of 
Anderson Junction to a drainage called Deadman Hollow. On 
the west side of Black Ridge is the valley of Ash Creek; on 
the east side is the valley of La Verkin Creek. The Pine 
Valley Mountains lie west of Ash Creek Valley.

North of Deadman Hollow, the geography becomes some
what simpler. West of the Hurricane Cliffs is the southern 
end of Cedar Valley which extends far to the north, past 
Cedar City. The South Hills lie north of Kanarraville as a 
group of low hills in Cedar Valley just west of the 
Hurricane Cliffs.

East of the Hurricane Cliffs lie the high Colorado 
Plateaus, the major part of which east of the Hurricane 
Cliffs is the Markagunt Plateau at an elevation of 10,000 
to 11,000 feet. The Kolob Terrace forms the more immediate 
skyline east of the Hurricane Cliffs. An unnamed, dissected 
terrace lies just east of the Hurricane Cliffs, and west of 
but lower than the Kolob Terrace.



7
A number of west-flowing streams transversely cut 

this unnamed terrace between Deadman Hollow and Kanarra- 
ville. These include, starting just north of Kanarraville 
and going south, Kanarra Creek, Spring Creek, Camp Creek, 
Wayne Canyon, Locust Creek, Taylor Creek, the longest and 
deepest, and Fall Creek at the south end.

St. George basin extends from the Shivwits Plateau 
on the south to the Pine Valley Mountains on the north, 
and from the Hurricane Cliffs on the east 24 miles to the 
Beaver Dam Mountains on the west. St. George, the largest 
town in the region, is located near the center of St.
George basin. The small towns of Santa Clara and Gunlock 
lie about three miles and twelve miles respectively north
west of St. George.

The main drainage system in the area is that of the 
Virgin Hiver which heads north of Zion National Park, east 
of the area studied, crosses the northern end of the 
Uinkaret Plateau in an entrenched canyon several hundred 
feet deep near its debouchement at Timpoweap Canyon at the 
town of La Verkin, whence it wanders across the St. George 
basin, finally leaving through the deep gorge which sep
arates the Beaver Dam Mountains and Virgin Mountains 
called the Lower Narrows of the Virgin River. The Santa 
Clara River joins the Virgin near St. George; Gunlock and 
Santa Clara lie on the Santa Clara River.



Just west of the town of La Verkin, Ash Creek and 
La Verkin Creek, which follow the west and east sides of 
Black Ridge respectively, debouch into the Virgin River at 
points only a few hundred feet apart. The low, imperceptible 
divide between interior drainage into the Great Basin and 
exterior drainage into the Virgin River, thence into the 
Colorado, lies just north of Kanarravllle.

Drainage northward from the northeast end of the 
Shivwits Plateau is mainly by means of Fort Pierce Wash 
which follows the base of the Hurricane Cliffs for a distance 
of about seven miles in northern Arizona, but it diverges 
from the cliffs and trends northwesterly where it emerges 
into the St. George basin. Drainage from the Uinkaret Plateau 
is either directly across the Hurricane Cliffs or into the 
Virgin River.

The climate of the region is variable. The 
mountainous areas receive fair amounts of snow and rain, 
but St. George basin rarely receives snow. St. George basin, 
Shivwits and Uinkaret Plateaus are typically desert, but 
the mountainous areas are covered by plant growth which 
thickens with increasing altitude, culminating in pine 
forests which are sparse on the Beaver Dam Mountains and 
extensive on the much higher Pine Valley Mountains and 
Markagunt Plateau.

8



STRATIGRAPHY

No specific stratigraphic studies were undertaken 
but observations were obtained at certain critical local
ities. Only information considered significant in its 
bearing on structural problems is discussed. Thicknesses 
are of major interest because displacements are based on 
them. Variations in thicknesses are important because of 
significance attached to the cause of such variations.
Some formational contacts are of Importance in structural 
interpretation and are discussed in more detail than might 
appear normally required. Composition is important because 
relative competencies depend on it, and in many cases 
tectonics depend on the relative competencies of the strata 
involved. Finally, the ages of the Cenozoic units are dis
cussed in certain cases because the dating of the Hurricane 
fault movements is of the utmost importance, and only 
accurate ages may be used.

Some of the Paleozoic and Mesozoic stratigraphy 
is summarized in Tables I and II.

Especially good reviews of the regional and local 
stratigraphy are in the 1963 issue of the Guidebook to the 
Geology of Southwestern Utah to which reference is made.

9
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PreCambrian Bocks

Precambrian rocks are exposed in the Beaver Dam 
Mountains and the Virgin Mountains. These rocks are highly 
metamorphosed schists with some gneiss and pegmatite; large 
intrusives occur in the Southern Virgin Mountains. Nowhere 
is there any evidence of the presence of unmetamorphosed 
Precambrian sediments similar to the Grand Canyon series.
The bottom of the Paleozoic section is, therefore, assumed 
to have been deposited on a basement of the most competent 
rocks in the region. Available evidence indicates that the 
surface of that basement is one of slight relief.

Paleozoic Books below the Pennsylvanian Callvllle Formation
The sequence of Paleozoic sediments below the Call

vllle Formation consists primarily of limestones and dolo
mites. The lowest unit is the Prospect Mountain quartzite 
of Cambrian age, 520 feet thick (Reber, 1952, p. 102). It 
is overlain by the Pioche shale of Cambrian age, which is 
220 feet thick in the Beaver Dam Mountains (Reber, 1952, 
p. 102). The section does not seem to contain any signifi
cant shale units above the Pioche Formation.

The entire sequence of Paleozoic strata up to the 
base of the Redwall Formation, of Mississipplan age, is 
about 3 ,0 0 0 feet thick (sum of thicknesses reported by 
Reber, 1952).
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TABLE I

STRATIGRAPHIC SECTIONS - ZION NATIONAL MONUMENT
1

System Series Formation
Jurassic Upper Jurassic Entrada

Carmel
Middle Jurassic? Navajo 

unconformity 
Triasslc Upper Trlasslc Chinle

Upper Triasslc Shlnarump 
unconformity

Lower Triasslc Moenkopi

Thickness
200 feet 
450-560 feet 
1,300-1,800 

feet

1,100-1,350feet
35-80 feet

1,080-1,450feet
unconformity

Carbon
iferous

Permian Kaibab 0-200+ feet

TABLE II
O

STRATIGRAPHIC SECTIONS SOUTHWEST UTAH AND NORTHWEST ARIZONA
System Series Formation Thickness
Carbon
iferous

Permian Kaibab
upper red bed 
limestone 
middle red bed 
limestone 
lower red bed

0-280 feet
185-455 feet 
80-285 feet 

150-230 feet 
0 -1 0 0 feet

Permian ? Coconino 90 feet
Permian ? Supai 1 ,300-1 ,5 0 0

feet

1. Adapted from Gregory and Williams, 1 9 4 7, p. 223

2. Adapted from Reeside and Eassler, 1922, p. 56
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These lower Paleozoic strata thicken greatly toward 

the west where they are greatly contorted in the complex 
Basin Range structures. Their reaction to deformation in the 
Transition Zone is not known. For example, the Redwall 
Formation folds very sharply adjacent to faults in the 
northern Virgin Mountains where thrusting is common; deforms 
little near the Hurricane and Toroweap faults in the Grand 
Canyon; yet deforms greatly along the Butte fault of the 
East Kaibab monocline (Walcott, 1889)• Along the Hurricane 
fault north of the Grand Canyon the reaction to deformation 
of the massive Paleozoic strata is unknown.

Pennsylvanian and Permian Systems 
For structural purposes the Pennsylvanian and Perm

ian Systems are herein considered to consist of the Call- 
ville, Pakoon, Supal, and Kaibab Formations. Excellent 
discussions of the stratigraphic problems are provided by 
Brill (1963) and Bissell (19^3) among others.

Callville Formation (Pennsylvanian)
The Callville Formations crops out in only one 

place in the Hurricane Cliffs in the area examined but is 
exposed more extensively in the Beaver Dam Mountains.

In the Hurricane Cliffs the Callville Formation is 
revealed along the base of Black Ridge from a point east of 
Anderson Junction northward almost two miles. The formation
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is a light gray, medium to thin-bedded limestone contain
ing thin chert beds.

Cary (19&3, p. 175* Fig. 1c) shows a thickness of 
about 335 feet for the Callville limestone, and about 335 

feet for the Supai sandstone tongue at the oil well site 
about three miles west of Pintura or about four miles west 
of Black Ridge. Reber (1952, p. 104) indicates the Callville 
Formation to be about 1,560 feet thick in the Beaver Dam 
Mountains. Campbell (1952, p. 8 8) indicates the Callville 
Formation to be 1,620 feet thick on the Bloomington dome 
of the Virgin anticline several miles south of St. George.
On the basis of this evidence there appears to be marked 
thinning of the Callville Formation in the vicinity of the 
Hurricane fault zone, although correlation may be the reason 
for the different recorded thicknesses.

Pakoon Formation (Permian)
The Pakoon Formation crops out in only one place in 

the Hurricane Cliffs in the area examined, but is exposed 
more extensively in the Beaver Dam Mountains.

In the Hurricane Cliffs the Pakoon Formation crops 
out along the base of Black Ridge, overlying the Callville 
Formation from a point east of Anderson Junction northward 
about two miles. The formation consists primarily of anhy
drite and gypsum beds, with minor sandstone and limestone.



Cary (19&3, p. 175» Fig. lc) Indicates a thickness 
of about 730 feet of bedded anhydrite in the oil well west 
of Pintura. Bissell (1963? p. 45) notes that the Pakoon 
Formation located in the Hurricane Cliffs near Anderson 
Junction is at least 300 feet thick.

The Pakoon Formation in the Hurricane Cliffs is of 
some importance in deciphering the structural development of 
the Hurricane fault zone. The brecciated layer which lies 
between the Callville limestone and the Supai sandstone 
Indicates structural deformation on a decollement surface, 
the importance of which will become clear later.

The Pakoon Formation lies between the Callville 
and Supai Formations in the Beaver Dam Mountains. Gypsum 
several hundred feet thick crops out north of the northern 
end of the Virgin thrust fault (Cf. Moore, 1958, Geologic 
Map; and Fig. 31, this paper). However, Reber (1952) found 
no evidence of this unit in the northern Beaver Dam 
Mountains. Perhaps it changes thickness because of deposl- 
tlonal or erosional variation. However, a thickness varia
tion due to structural deformation and gliding is strongly 
indicated in the Southern Beaver Dam Mountains. The Pakoon 
Formation, therefore, apparently represents one of the 
surfaces of decollement in the region.
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Supal Formation (Permian)

A buff-colored sandstone overlies the Pakoon 
Formation and underlies the Kaibab Formation (unrestricted) 
in the region studied. In the Beaver Dam Mountains Beber 
(1952, p. 104) reported this sequence, as the Supai-Coco- 
nino, to be about 1,800 feet thick. Campbell (1952, p. 8 8) 
reported the "Coconino” to be 1,850 feet thick on the 
Bloomington dome south of St. George. Cary (19^3» P« 1?6) 
gives a thickness of 1 ,3^0 feet for the unit in the oil 
well west of Pintura. No other definitive thicknesses for 
the unit are known in the region. Again, there appears to 
be a thinning in the Hurricane fault zone.

Kaibab Formation (unrestricted; Permian)
The Kaibab Formation was differentiated by McKee 

(1938) into the Kaibab and Toroweap Formations, a distinc
tion which is very useful in certain problems of local 
structure and stratigraphy, but is not always made. Many of 
the data in the literature refer to the Kaibab Formation 
(unrestricted) especially in the region studied. In order to 
maintain a consistent point of view, this older terminology 
will be generally followed, with exceptions noted.

The Kaibab Formation (unrestricted) consists of 
two major, cliff-forming, structurally competent limestone 
units bounded by structurally incompetent and apparently 
discontinuous red-bed, gypsum units. Structurally, these



gypsum units are Important because they seem to have provid
ed decollement surfaces. Both limestone units contain abun
dant bedded chert. In fault zones the chert and limestone 
is brecciated, but the limestone reheals whereas the chert 
does not. Consequently, shattering of the chert beds is good 
evidence of faulting where other evidence is lacking. It has 
not been observed as an associated feature of folding.

Thicknesses of the Kaibab Formation (unrestricted) 
vary in the region studied. In the Bloomington dome Campbell 
(1952, p. 8 8) found the Kaibab to be 1,050 feet thick. In 
the Virgin oil field, in the north end of the Uinkaret 
Plateau six miles east of La Verkin, this formation was 
found by Hauptman (1952, p. 81) to be about 950 feet thick. 
Reber (1952, p. 105) found that it was about 1,000 feet ; 
thick in the Beaver Dam Mountains. However, Neighbor (1952, 
p. 80) and Cary (1963* P« 1?6) determined the thicknesses 
to be 796 feet and 805 feet respectively. Once again, there 
is good evidence of thinning of strata in the vicinity of 
the Hurricane fault zone.

In the Virgin Mountains the formation is 756 feet 
thick (Wilson, 1 9 6 2, p. 3 3). Reeside and Bassler (1922, 
p. 58) state that all of the units are variable (Table II, 
p. 11) in the Hurricane Cliffs south of Hurricane near 
Rock Creek. This extreme variability makes local correlation 
difficult, therefore displacements are only estimable with 
respect to this formation.

16
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The period of erosion which followed deposition of the 
Kaihab Formation and preceded deposition of the overlying 
Moenkopl Formation was extensive in time and space. McKee 
(1 9 3 8, p. 58-5 9) noted the presence of relief on that 
erosional surface of at least 250 feet at Hock Canyon south 
of Hurricane, but also the presence of conglomerate beds 
125 feet thick on the Kaibab near Cedar City. Apparently, 
erosion and deposition occurred along the zone at this 
time. McKee also noted that in Nevada, valleys over 1,400 
feet deep were cut at this time with boulders up to two 
feet in diameter in conglomerates which were up to 65  

feet thick, according to Longwell.
The evidence cited indicates marked unrest along 

the line of the Hurricane fault zone as compared with the 
rest of the Colorado Plateau, but remarkably similar to 
that observed in the Basin Range Province.

Brill (1963) has shown that the Pennsylvanian and 
Permian strata in the area studied were deposited in sub
siding basins. Apparently, the Hurricane fault zone was 
alternately a basin (Brill, 1963, p. 3 1 9, fig. 11) and a 
ridge, whereas mostly it seemed to be a hinge line (Brill, 
1963* figs. 4, 5 , 6 , and 13). The structural significance 
of this is not known but may have some connection with pre
existing, PreCambrian faults deep in the basement on which 
minor adjustments might have been taking place throughout
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the Paleozoic. Walcott (1889) has shown that Laramide 
faults in the Butte fault zone of the East Kalbab monocline 
were reactivated PreCambrian faults along which movement 
occurred in opposite directions during the two distinct 
periods of activity. One wonders if the Transition Zone 
might not have been more active due to faulting in the 
basement throughout the Paleozoic.

Trlasslc and Jurassic Systems 
Concepts of the Trlasslc sequence in the region 

studied have undergone change in the last decade. Harsh- 
barger et al (1957) have re-classified the strata of the 
Trlasslc-Jurassic boundary sequence and Averitt (1962) has 
applied this re-classification in the northern part of the 
Hurricane fault zone region. Admirable as is this stra
tigraphic advancement, it presents complications which 
cannot be advantageously followed in this paper. The 
older terminology of Moenkopi, Shinarump, Chlnle, and 
Navajo will be used for simplicity, with full realization 
that stratigraphers may find this simplification unaccept
able.

Moenkopi Formation (Trlasslc)
With respect to the underlying strata, the Moen

kopi Formation is very easily eroded and has been stripped 
from large areas leaving a bare Kalbab strip surface.
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The presence of downfall!ted Moenkopi red beds is readily 
apparent in even the smallest of structures developed in 
the Shlvwits and Uinkaret Plateaus. The Moenkopi is an 
extremely incompetent formation with respect to the massive 
subjacent beds. Therefore, structures which traverse the 
great thickness of PreCambrian and Paleozoic rocks change 
their form and aspect when they enter the Moenkopi and 
superior formations.

The Moenkopi Formation is 1,5^7 feet thick on the 
west face of Little Creek Mountain (Fig. 7b» also Gregory, 
1950b, p. 113-115) about 8 miles south of Hurricane, on the 
Uinkaret Plateau. It is 1,776 feet thick in the Belted 
Cliffs at Isom Wash, about two miles northeast of La Verkin 
(Gregory, 1950b, p. 115-118). Averitt (1962, p. 5) found 
it to be 1,394 feet thick in the Cedar Mountain quadrangle 
northeast of Kanarraville. According to Beeslde and Bassler 
(1922, p. 73) Huntington and Goldthwait* s determination of 
1,205 feet for the thickness of the formation in Toquerville 
Hill was in error; they believed the Moenkopi should have 
been much thicker. Neighbor (1952, p. 80) showed that the 
formation was 1,771 feet thick in the oil well west of 
Pintura. Reber (1952, p. 105) gives a thickness of 2,100 
feet for the Beaver Dam Mountains. Gregory and Williams 
(1947, p. 225) did not give a total thickness but 
indicated thicknesses for the various members as determined 
in Zion National Monument:
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Thickness of members of the Moenkopi Formation
Upper red member 150-350 feetShnabkaib member 270-340 feet
Middle red member 100-275 feet
Virgin limestone member - 115-130 feet
Lower red member 200-370 feet
Timpoweap member 300-450 feet

The variations in thickness are even better exemplified 
by the Virgin limestone member which is only 8 feet thick 
on Little Creek Mountain but is over 81 feet thick only 
half a mile distant (Gregory, 1950b, p. 115)•

Gregory (1950b, p. 60) shows the following thick
nesses of the same members in the Zion National Park 
region, east of the Hurricane fault znne:

Thickness of members of the Moenkopi Formation
Upper red member - 404-564 feet
Shnabkaib member 216-376 feet
Middle red member - 436-520 feet
Virgin limestone member - 8-116 feet
Lower red member - 220-310 feet
Timpoweap member - 80-230 feet

The upper three members are noticeably thicker in the
region east of the Hurricane fault than in the Kanarra 
fold, but the Virgin limestone and Timpoweap members are 
thinner.

The thinning of the Moenkopi Formation at Toquer- 
ville Hill, commented on by Reeside and Bassler, is not 
solely the result of deposition and erosion. Both thrust and 
normal faults cut the Triassic strata there causing the 
change noted.
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The variation in the thickness of the Moenkopl makes 
displacement determinations difficult in the Hurricane fault 
zone. Furthermore, because the formation is incompetent, 
thickening and thinning in fault zones is far greater than 
that observed in more competent strata. These variations 
must be considered in the structural study of the fault zone.

Shlnarump Conglomerate and Chinle Formation (Triassic)
The Shlnarump conglomerate is a most persistent 

unit which many consider to be a formation but which others 
believe to be the basal member of the Chinle Formation. The 
distinction is unimportant here and both are treated as a 
single formation.

The Shlnarump conglomerate is a competent layer 
between two incompetent layers, the Moenkopi and Chinle 
Formations. In places, such as along the west flank of the 
Virgin anticline and in the Kanarra fold, the Shlnarump 
has been duplicated, and even triplicated, by strike 
faulting (Thomas and Taylor, 19^6, Geologic Map).

Its thickness varies from 75 feet to 200 feet 
according to Gregory (1950b, p. 65) but Thomas and Taylor 
(1946, facing p. 18) report thicknesses of zero feet in the 
Hurricane fault zone. Averitt (1962, p. 11) states that the 
formation is typically 50 to 100 feet thick in the area he 
studied northeast of Kanarraville. Neighbor (1952, p. 80) 
shows its thickness to be 177 feet in the well at Pintura.
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Gregory (1950b, p. 6?) subdivided the Chinle Forma 
tion as follows:

Upper sandstones - 
Springdale sandstone member - 
Petrified Forest member - 
Lower sandstones -

540-800 feet 
60-105 feet 

650-800 feet 
10- 80 feet

He considered the Shlnarump conglomerate as a separate
formation. Since most of the thicknesses published refer
to terminology similar to that above it will also be used
here.

The thickness of the Chinle Formation varies greatly 
in the region. Thomas (1952, p. 59) tabulated various 
thicknesses of Triassic strata and shows the following for 
the Chinle Formation, to which have been added data from 
Gregory (1950b, p. 122):

Coal Creek (Cedar City)
Taylor Creek
Smiths Mesa (NE of La Verkin) 
Beaver Dam Mountains 
Kanab, Utah (Gregory, 1950b)

1,950 feet 
1 ,3 6 0 feet 

995 feet 
1 ,0 1 5 feet 
1 ,2 6 3 feet

In the two oil wells, 300 feet apart, west of Plntura 
Neighbor (1952, p. 80) and Cary (1963, p. 1?6) found the 
Chinle Formation to be 1,645 feet and 1,670 feet thick 
respectively.

The great variation in thickness is most interesting. 
The Smiths Mesa locality at the north end of the Uinkaret 
Plateau is about 8 miles easterly from the Plntura oil well 
locality, yet the thicknesses are about 1 ,0 0 0 feet at 
Smiths Mesa (and in the Beaver Dam Mountains) and 1 ,6 5 0 feet
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west of Pintura. Because the Springdale sandstone member is 
duplicated in the Leeds Mining District on the west side of 
the Virgin anticline about seven miles south-southwest of 
the oil well, there is the possiblity that the thickening 
of the Chlnle Formation in the Pintura oil wells is also 
the result of strike thrust faulting.

The Taylor Creek thickness is also highly interest
ing. The total given differs from the sum of the figures 
given by Thomas by 40 feet because of typographical error, 
the actual thickness being 1,320 feet apparently. However, 
there is an even greater error involved. Gregory and 
Williams (194-7* p. 223) reported the Chinle thickness as 
from 1,100 feet to 1,350 feet. However, their stratigraphic 
section crossed the Taylor Creek thrust fault which 
duplicated the Springdale sandstone member, a fact which was 
overlooked.

The Coal Creek section is very thick, but Averitt 
(1962, p. 13-18) shows that sandstone members of the Kayenta 
and Navajo Formations interfinger from the north; this may 
explain the greater thickness at Coal Creek, but strike 
faulting may also be partly responsible. He reviews the 
recent studies made of the Triassic and Jurassic strata 
and correlates them as shown in Table III (Averitt, 1962, 
p. 10 et see.).
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Thomas and Taylor (1946) Averitt (1962)
and Gregory (1950a)

TABLE III
The Chinle Formation - Old and New Usage

Navajo sandstone 
(youngest)

Navajo sandstone (youngest)

Chinle formation

Shinarump conglomerate 
(oldest)

Kayenta formation:
Cedar City tongue 
Shurtz sandstone 

tongue of Navajo 
sandstone

Unnamed lower member
Moenave formation: 

Springdale sand
stone member 

Dinosaur Canyon sand
stone member 

Chinle formation, re
stricted:

Shinarump member 
(oldest)

Because of all of these complications the thickness 
of the Chinle Formation as deposited and modified by erosion 
cannot be determined, and possible thickening or thinning 
in the Triassic strata over the site of the Hurricane fault 
zone is indeterminable.

The contact between the Chinle and overlying Navajo 
Formation is of importance in the structural discussions. 
Irrespective of the complications involved with 
sedimentation, there is excellent evidence throughout the
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region that the sequence of strata through this range is 
essentially conformable, although minor disconformities 
exist (Gregory, 1950b, p. 72-73? Cook, I960, p. 22-24; 
Averitt, 1 9 6 2, p. 14-18). Nowhere in the region is there 
evidence of an angular unconformity anywhere in the Chlnle- 
Navajo sequence. The importance of this fact will become 
apparent in the discussion of the Taylor Creek thrust fault 
in Spring and Kanarra Creeks.

The Chinle Formation contains two units of structural 
Importance, the Springdale sandstone member and the 
Petrified Forest member, the first being competent and the 
second being very incompetent. The fact that these beds lie 
next to each other is the major reason for the many thrust 
surfaces in the Chinle Formation. Along the Sheblt fault 
and in the Sheblt syncline; on the west flank of the Virgin 
anticline; and in the Kanarra fold, the Springdale sand
stone member has been duplicated by thrusting, the surface 
of movement being the unctuous bentonite beds of the 
Petrified Forest member. Erosion proceeds very rapidly 
by undercutting of the Springdale member. This remarkable 
abstraction by land sliding and slumping is most widely 
known in the Marble Canyon region east of Grand Canyon, but 
the process is widespread wherever the formation outcrops. 
This is one important reason for the obscurity of the thrust 
faults themselves in the region studied.
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The Navajo Formation Is the most prominent In the 
entire region, forming the great red and white cliffs of 
Zion National Park and the Patriarchs of Zion National Mon
ument. The formation is not nearly so well displayed in St. 
George basin, although northwest of that town the formation 
forms high, rugged cliffs just east of the Gunlock fault.

Structurally, the Navajo Formation is extremely 
important. Overlying the thick sequence of variably compe
tent Trlassic strata, the Navajo sandstone represents a 
massive, highly competent mass which reacts differently to 
stress from the Trlassic strata, a fact which causes 
structural complications of some diversity in the region.

In the Zion National Park region Gregory (1950b, 
p. 51) measured from 1,200 feet to 2,200 feet of Navajo 
sandstone. Reber (1952, p. 106) gives a thickness of 2,200 
feet in the Beaver Dam Mountains. Cook (1952, p. 95) 
reports a thickness of 2,000 feet for the formation in the 
Pine Valley Mountains. Averitt (1962, p. 18) measured 
1,700 feet of Navajo sandstone, but the designation may 
have excluded some of the underlying sandstones which 
earlier workers may have included.

The southernmost exposure of the formation in the 
area studied is in Section 22, T. 43 S., R. 13 W., about 
10 miles south of Hurricane. The thickness there is not 
known, but appears to be about 1,000 feet, at least.

Navajo Formation (Jurassic)
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The Carmel Formation overlies the Navajo Formation 
in the area studied. In the Pine Valley Mountains Cook 
(1 9 5 2, p. 95) noted a thickness of 675 feet for this unit 
divided as follows:

platy, argillaceous, gray limestone - 250 feet
gray and brown argillaceous limestone - 150 feet 
red sandstone, gypsiferous shale, gypsum - 225 feet

Williams (1952, p. 6 5) gives an average thickness of 500
feet for this formation east of the Hurricane Cliffs.
Gregory and Williams (1947, p. 232) note a thickness of
554 feet east of the Kanarra fold. Heeside and Bassler (1922
p. 77) noted over 477 feet of Carmel strata north of St.
George.

These data provide no evidence of thickening or 
thinning in the Hurricane fault zone.

Mesozoic Rocks Younger than the Carmel Formation 
The Entrada Formation overlies the Carmel Formation 

regionally. It was eroded prior to deposition of the 
Cretaceous strata in the Pine Valley Mountains, and it 
wedges out westward from the vicinity of the Hurricane 
fault zone (Cook, 1952, p. 95 and Fig. 3)•

Above the Entrada Formation is a sequence of 
Cretaceous clastic strata about 4,600 feet thick (Cook,
1952, p. 95-96) in the Pine Valley Mountains. These Include 
the Dakota, a basal conglomerate; Tropic, shales and fine

Carmel Formation (Jurassic)



sands; and the Straight Cliffs, Wahweap, and Kalparowits 
Formations, all sandstones primarily.

The Cretaceous formations are not readily differ
entiated in the vicinity of the Hurricane fault zone 
(Gregory, 1950a, p. 50). They have been eroded from the 
Kanarra fold belt in a strip less than ten miles wide 
(Gregory, 1950a, p. 58) which extends perhaps from 
Anderson Junction north to the vicinity of Cedar City.
This "welt" (Threet, 1952, p. 1) coincides with the 
zone of folding called by Gregory and Williams (19^7) 
the Kanarra fold, thereby indicating the age of that 
structure to be post-Cretaceous.

The only Cretaceous strata directly involved in 
the fault zone proper in the area studied lie west of La 
Verkin. The total thickness of the sequence there is not 
known for the top is covered by Neogene basalts; they are 
thought to be about 1 ,5 0 0 feet thick.

The Cretaceous beds thicken to the northeast. 
Thicknesses for the Hurricane fault zone are not defini
tive and cannot be used to determine crustal unrest in the 
fault zone proper, although much must be learned about 
this subject. Perhaps the fact that the formations cannot 
be differentiated in the Hurricane fault zone, as Gregory 
noted, is an indication of deposition on a welt because 
wave action could produce a well-washed, uniform deposit in 
shallow waters, with shales deposited on either side.

28



The Moenkopi, Shinarump and perhaps the Cretaceous 
strata seem to Indicate a thinning in the Hurricane fault 
zone, indicating that the crustal unrest, already noted 
in the Paleozoic sequence, was continuing through the 
Mesozoic, a secular prelude to the Laramide orogeny which 
culminated this unrest.

Cenozoic System
Two general stratigraphic groups are considered, 

the older Paleogene Claron Formation, and the Neogene 
surficial deposits.

Claron Formation (Paleogene)
The Claron Formation (Wasatch of older terminology) 

is of critical importance in dating the tectonics (folding, 
faulting) of the Hurricane fault zone. The oldest part of 
the Claron Formation is a conglomerate which seems 
correlative with the fanglomerate west of Gunlock (Wasatch 
of Dobbin, 1939)• The basal part of this fanglomerate lies 
on the Cretaceous sandstones, but the sandstones and fan
glomerate s interfinger, indicating continuous deposition. 
The fanglomerate at Gunlock, therefore, appears to be of 
upper Cretaceous age.

Overlying the fanglomerate is a thick limestone 
sequence which is identical to that on the Markagunt 
Plateau, the Wasatch of the Pink Cliffs. Spieker (1949, 
p. 32) correlates the Wasatch limestones of the Markagunt
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Plateau with the Flagstaff Formation farther north of 
Paleocene age. There is good reason to believe, therefore, 
that the Claron Formation is of late Cretaceous and 
Paleocene age in the Hurricane fault zone.

Threet (1963* p. 10?) has reached the same con
clusions. Earlier he had indicated his belief that the 
basal fanglomerate might even be correlative with the 
Kaiparowltz Formation conglomerates (Threet, 1952, p. 25- 
28). This would make the basal Claron conglomerate even 
older.

It should be noted, however, that the upper part of 
the Claron Formation is apparently gradational into overly
ing volcanics on the Markagunt Plateau which are undated, 
although Gregory (1950a, p. 9 8) thought them to be of 
Miocene (?) age, primarily because he considered the under
lying Wasatch to be of Eocene age. However, recent work 
(Mackin, i9 6 0) indicates that these volcanics are possibly 
as old as lower Oligocene. If this is so, then the upper
most Claron Formation may even be as young as upper Eocene 
or lower Oligocene. The problem is not solved yet.

Threet (1952, p. 24) notes a thickness of 200 feet 
of basal conglomerate beneath the Claron limestones in the 
Bed Hills, about ten miles north of Cedar City. These are 
apparently correlative with the fanglomerates at Gunlock.
In a small exposure just north of Cedar City the Claron
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limestones rest on top of upturned and eroded Cretaceous 
sandstones with no intervening conglomerate. Gregory (1950a 
Geologic Map and cross sections) shows early Cenozoic 
volcanics resting directly on folded and eroded Cretaceous 
strata with no intervening Claron Formation in the hills 
northeast of Cedar City. This indicates that through the 
period of deposition of the conglomerates, limestones, and 
lowest volcanics the area north of Cedar City was a posi
tive land mass, constantly rising, a situation to which 
reference will he made later.

The southernmost exposure of Claron limestone on the 
westward side of the Hurricane fault zone is at a point 
about one mile west of Anderson Junction. The exposure 
closest on the eastern side of the Hurricane fault is at 
Navajo Lake, 28 miles northeast. Post-Claron displacement 
on the Hurricane fault is based on extrapolation of the 
Claron Formation southwestward from Navajo Lake to this 
southernmost exposure.

There is no evidence, however, of the sub-Claron 
surface between Navajo Lake and Anderson Junction, there
fore there is no evidence that the Claron Formation was 
deposited across this area. On the contrary, the evidence 
already cited for the area north of Cedar City indicates 
that the Claron may well have been deposited on the flanks 
of a rising welt but not on the crest. Consequently, any



extrapolation of the Claron southwestward to determine the 
displacement of that formation by the Hurricane fault is 
questionable.

The extreme variability of the Claron Formation 
mentioned by Gregory (1950a, p. 64; 1950b, p. 112) 
indicates deposition in local basins. Is it possible that 
these local basins were caused by rising welts along the 
Hurricane and Sevier fault zones and monoclinal fold belts 
farther east, or that actual faulting with upthrow of the 
eastern blocks which dammed eastward-flowing streams 
created lakes? Could continuous faulting with intermittent 
damming, flooding overflow and downcutting produce the 
features which contribute to the problem of the Wasatch 
Formation? Is the absence of the Claron Formation near the 
Hurricane fault on the upthrown side solely the result 
of nondeposition on a highland or welt, rather than a 
consequence of erosion? Is it possible that post-Claron 
erosion was enhanced by absence of such an obdurate bed 
overlying the more easily eroded Cretaceous elastics 
underneath? Is the evidence of Laramide and Paleogene 
crustal unrest in the fault zone merely the continuation 
or, indeed, the culmination of the long period of unrest 
already noted for the Hurricane fault zone?

These questions may never be answered, but they 
must be considered in any analysis of the extent of the
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Claron Formation. It Is not Impossible that the Claron 
Formation never extended continuously from Navajo Lake 
to Anderson Junction, and that extrapolation of that 
unit for determination of displacement on the Hurricane 
fault is unwarranted.

Surflcial Deposits (Neogene)
Surficial deposits in the area studied have been 

investigated by Gregory (1950a, 1950b), Cook (i960), and 
Averitt (1 9 6 2, 1964). For details these works should be 
consulted.

The principal significance of the surficial deposits 
pertains to their geomorphic utilization as a means of 
dating movements on the Hurricane fault zone.

Averitt (1964, p. 4l) considers the Urie Creek 
pediment to manifest 1 ,5 0 0 feet of displacement on the 
Hurricane fault. The age of that pediment may be as great 
as the youngest rock found in it, which he admits may 
be of lower Miocene age. Averitt*s assertion that these 
deposits are to be considered as Quaternary in age seems 
to be vitiated by his own statement that some of the 
basalts in them may be as old as Late Tertiary. Indeed, 
Hamblin (1 9 6 3* p. 86) considers the oldest basalts at 
Hurricane to be Late Miocene or early Pliocene in age. 
Accordingly, these surficial deposits may be that old.
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Therefore, Hurricane faulting of 1,500 feet may 

have occurred since early Miocene time and not necessarily 
in Quaternary time.

X



IGNEOUS BOCKS

Igneous rocks near the Hurricane fault zone are the 
Paleogene and early Neogene volcanics. Pine Valley Mountain 
dlorite, and Neogene basalts.

Paleogene-Early Neogene Volcanics 
Gregory (1950a, p. 97) states that the volcanics 

on the Markagunt Plateau consist of older rhyolites and 
younger basalts. He seems to have correlated the rhyolites 
with volcanics in the Tushar Range, whereas Mackin (i960) 
has shown that rhyolites west of the Hurricane Cliffs, 
which he considers to be part of a vast ignimbrlte field, 
are correlative with those in the Markagunt Plateau. These 
ignimbrltes were dated by Armstrong (1 9 6 3, p. 79); they 
range from about middle Oligocene to early Miocene in age. 
The significance of these rocks lies in their relationship 
to Hurricane faulting which will be discussed in the 
section on chronology.

Pine Valley Mountain Dlorite 
Huntington and Goldthwalt (1904, p. 217-218) be

lieved that the volcanics northwest of Toquerville were 
intrusive; they did not relate the small masses to
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the larger mass of Pine Valley Mountain igneous rock which 
forms the massive cliffs north of St. George basin. They 
considered these volcanics to be older than the folding.

Gardner (19^1) considered these volcanics to be 
latite flows, younger than the major folding which he 
showed to be of Laramide age; he considered them to be of 
Miocene age. Inasmuch as the volcanics dip into the Hurri
cane fault zone Gardner concluded that Msagging” must have 
followed their emplacement as lava flows.

Cook (1950, 1957) showed that the Pine Valley 
Mountain igneous rocks were intrusive. He chose to call 
the rock a diorlte to show this intrusive relationship, 
acknowledging that the rock texture did not merit the 
terminology. He considers this Intrusive to be a laccolith, 
perhaps the largest in the world, which was intruded 
parallel to the bedding of the Claron Formation. Orig
inally, the roof consisted of the Paleogene and early 
Miocene volcanics. Since intrusion, these cover rocks were 
eroded completely from the southern end of the laccolith, 
but they remain at the northern end of the Pine Valley 
Mountains. Cook followed Gardner's interpretation that the 
laccolith was emplaced after Laramlde folding but before 
the eastward "sagging”. This particularly important aspect 
of the problem will be discussed more thoroughly under 
chronology. Armstrong (1963) dates the volcanics as late 
Paleogene to early Neogene.
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Neocene Basalts

In various places along the Hurricane Cliffs, the 
Grand Wash Cliffs, the Shivwits and Uinkaret Plateaus and 
in St. George basin are to be found basalts, primarily as 
flows, but also as volcanic cinder cones and as dikes. 
These basalts seem to vary in age from late Miocene 
(Hamblin, 1 9 6 3, p. 8 6) to Recent in age. The petrography 
of these basalts, according to Gregory (1950b, p. 1 35) 
seems to be typically common for southern Utah, hence 
petrography does not appear to be the key for age differ
entiation except very locally, as at Sugar Loaf Butte. 
Hamblin (1963) has utilized geomorphic aspects in order to 
determine the ages of the basalts. Since these age 
determinations are the most important signification of the 
basalts in the study of the development of the Hurricane 
fault zone they will be discussed in detail under 
chronology.
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REGIONAL STRUCTURAL GEOLOGY

The area studied lies in the Transition Zone between 
the Basin Range Province and the Colorado Province (Fig. 5)* 
The Hurricane fault and Cedar Pocket Canyon-Shebit-Gunlock 
fault complex are members of a family (used in the mathema
tical sense) of faults which trend north-northeasterly a- 
long the western side of the Colorado Plateau. This fault 
family includes the Grand Wash, and its northern continua
tion the Cedar Pocket Canyon, Hurricane, Toroweap, and 
Sevier faults. Other smaller fractures of similar trend 
occur in the Shivwits Plateau and in St. George basin. On 
the west side of the Grand Wash is the Tassai fault and in 
the center of St. George basin is the Washington fault.

The Colorado Plateau consists of three separate 
blocks in this region, the Uinkaret Plateau, the Shivwits 
Plateau, and the St. George basin. The Hurricane fault 
separates the dropped Shivwits Plateau from the raised 
Uinkaret Plateau. St. George basin is structurally similar 
to the Shivwits Plateau, but is separated from it by the 
north-dipping Shivwits monocline which trends west from 
the Hurricane fault to the Grand Wash-Cedar Pocket Canyon 
fault system.
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St. George basin is both a structural and a topo

graphic basin. It is bounded on the west by the Beaver Dam 
Mountains uplift which is about 8,000 to 10,000 feet higher 
structurally than the lowest points of St. George basin, 
but which rises about one mile above the lowlands in the 
basin. On the north the St. George basin is bounded by the 
Pine Valley Mountains which consist primarily, at their 
southern end, of the diorite laccolith, over 3,000 feet 
thick, resting on generally flat-lying Claron strata.
In the region between the Beaver Dam Mountains and the Pine 
Valley Mountains the geology is somewhat more complex; 
for the details reference is made to Cook (i9 60).

South of St. George basin the Shivwits Plateau 
rises generally by means of the Shivwits monocline. The 
topographic border consists of a series of lava-capped 
remnants of the Moenkopl Formation. The topographic 
basin is more apparent than the structural basin as a 
result.

To the east the St. George basin is bounded by the 
Hurricane fault zone, east of which the Uinkaret Plateau 
rises as a block. There is no counterpart of the St.
George basin or Shivwits monocline in the Uinkaret block. 
However, the structural level is lowest in the Uinkaret 
Plateau block opposite the point of lowest structural 
level in the St. George basin, at Timpoweap Canyon.



But the depression in the Uinkaret Plateau block is not so 
sharp and there is no structural counterpart of the Shiv- 
wits monocline, hence throw on the Hurricane fault zone 
increases north from the Shivwits Plateau, across the 
Shivwits monocline and into St. George basin.

North of the Pine Valley Mountains the region is 
topographically and structurally akin to the Basin Range 
Province, hence the Basin Range boundary jogs east from 
west of the Shivwits Plateau, along the Grand Wash fault, 
to west of the Hurricane fault north of St. George basin. 
In this Transition Zone it is difficult to say which 
province the St. George basin should be assigned to. A 
similar jog eastward occurs north of Cedar City, near 
Parowan, where the northern end of the Markagunt plateau 
turns down toward the north in the Summit monocline of 
Threet (1952;1963)• Therefore, between the St. George 
basin and the northern end of the Markagunt Plateau the 
Hurricane fault zone is the boundary between the Basin 
Range and Colorado Plateau Provinces.

This parallelism of Basin Range faults and the 
boundary faults of the Colorado Plateau suggests that the 
two are of similar origin, therefore any information 
obtainable from the boundary faults should, by implication 
and analogy, apply also to the Basin Range faults.
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West of the Transition Zone the Basin Range Province 

contains a number of mountain ranges in which easterly- 
directed thrusting is the major structure observed. The 
Virgin, Mormon, Muddy and Spring Mountains are among the 
better known of these. The thrusts appear to be of early 
to late Cretaceous age. In the Muddy Mountains the entire 
Paleozoic section has been thrust over the Aztec (equiva
lent to the Navajo Formation generally) Formation in 
structures visible for miles. Similar thrusts are found on 
the eastern side of the Virgin Range, in the Pakoon Hills, 
in St. Thomas Gap, and in the southern, eastern and 
northern parts of the Beaver Dam Mountains. Other thrusts 
occur northwest of Gunlock in Square Top Mountain on the 
east side of Beaver Dam Wash, along the northern end of 
the Beaver Dam Wash fault zone.

Great deposits of fanglomerate in the Muddy Moun
tains and in the area north of the Beaver Dam Mountains 
manifest the great uplifts in the region and seem temporal
ly related to those local uplifts. The basal Claron 
fanglomerate at Gunlock appears to be genetically related 
to uplift and thrusting in the Beaver Dam Mountains, but 
may also reflect uplift in the Mormon Mountains west of 
Beaver Dam Wash.
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In the Shivwits Plateau minor folding and small 

thrusting is reported by Hamblin (1962a). Thrusting is 
found in many places along the Hurricane fault zone, 
especially north of Hurricane, but minor thrusts are to 
be found in places in the Hurricane Cliffs south of 
Hurricane.

Trending across the St. George basin in a north
easterly to north-northeasterly direction is the Virgin 
anticline. It begins at its southern end at a point about 
ten miles east of the Cedar Pocket Canyon fault near the 
state border. There is a parallel trend farther southwest, 
the Virgin fault of Moore (1958), in line with the Virgin 
fold. This lineament is herein termed the Virgin fault
fold lineament. Although this trend crosses the Cedar 
Pocket Canyon fault, the actual structures themselves do 
not appear to do so at the surface.

For more information pertaining to the regional 
geology reference is made to the following: Cook (I960), 
Wilson (1962), Kelley (1955), Nolan (1943), Osmond (i960), 
Hunt (1956), and Stokes and Heylmun (1963)•
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THE HURRICANE FAULT ZONE— DESCRIPTION OF MAJOR STRUCTURES

The genesis of a geologic structure can be deter
mined only with an accuracy commensurate with the accuracy 
of knowledge of its geometry; conversely, to the extent 
that the geometry of a structure is unknown, then so too 
shall be its genesis. This work is primarily a study of 
the genesis of two major fault systems in the Transition 
Zone, therefore it must as well be a description of the 
geometry of those systems.

To the present such descriptions have been those 
befitting the state of knowledge. Generalized maps and 
stratigraphic studies had to precede detailed analyses of 
the fault zone itself. These maps and studies* provide 
the basis for the present investigation; certainly with
out them it would not have been undertaken.

The following descriptions of the Hurricane and 
Cedar Pocket Canyon-Shebit-Gunlock fault systems are much 
more detailed than those previously published by Dobbin

1. Maps of the fault zone region have been pre
pared by Huntington and Goldthwait (1904), Dobbin (1939), 
Gardner (1941), Thomas and Taylor (1946), Gregory and 
Williams (194?), Gregory (1950a, 1950b), Cook (1957, 
i9 60), Threet (1952), Moore (1958), and Averitt .(1962). 
All of these were used in the present study.
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(1939)» Gardner (1941), Gregory (1950a, 1930b), Cook 
(1950, 1957» I960), and Gregory and Williams (194?) prima
rily because the investigation was limited to the fault 
zones themselves; regional mapping was unnecessary, thereby 
permitting a far more efficient utilization of field time 
than would otherwise have been possible.

The descriptions of the Hurricane fault zone will 
be greatly simplified if certain of the structures in it 
are named. The principal structures thus identified con
sist of the following briefly described folds and faults 
which will be analyzed later (Pig. 6).

Kanarra Fold
Gregory and Williams (1947* P» 240-241) named the 

Kanarra fold, although the structure was known as early as 
1882 by Dutton. It extends from Cedar City to the southern 
end of Zion National Monument near Deadman Hollow. It is 
overturned at Kanarravllle but fairly open farther north 
and south.

Black Ridge Anticline
Black Ridge anticline is the structure which forms 

the high, basalt-capped ridge (hence the name) east of 
Pintura. It is the southern continuation of the Kanarra 
fold but differs in being much more tightly compressed, 
with its visible flanks much steeper than those of the



4?
Kanarra fold; this may he due partly to the baring of 
stratigraph!cally lower formations at the surface and not 
entirely to any inherent, major difference in total 
structure. It is the eastern of the two folds shown by 
Gardner (1941) and the fold east of the Hurricane fault 
as shown by Cook (1952, 1957, I960).

Plntura Anticline
Gardner (1941) believed that two folds formed in 

the Hurricane fault zone near Pintura; the Plntura anti
cline is the western of these two. Neighbor (1952) termed 
this fold the Plntura structure, which he believed to be 
slightly asymmetrical.

Toquervllle Anticline
The Toquervllle anticline, not previously named as 

a structural unit, is a south-southeasterly plunging anti
cline which extends from the southern end of Black Ridge 
to a point about one mile east of Toquervllle.

Tlnrpoweap Monocline
The Timpoweap monocline, not previously named as a 

structural unit, is the block of west-dipping strata ex
tending along the Hurricane Cliffs from a point slightly 
south of the latitude of Anderson Junction south to Sugar 
Loaf Butte. It forms the west flank of the Toquervllle 
anticline north of the southern end of Toquervllle Hill,



which is formed on west-dipping Mesozoic strata in the 
Tlmpoweap monocline.

Rock Creek Monocline
The Rock Creek monocline, not previously named as 

a structural unit, is a block of northwest-dipping strata 
extending along the Hurricane Cliffs from a point about 
one mile north of the state boundary to Fort Pierce Wash 
about six miles south of the state line.

Hurricane Monocline
Gregory (1950b, p. 144) states that "Howell and 

Gilbert, who worked at a time when monoclinal folds and 
enormous earth blocks, broken by faults but otherwise 
little deformed were considered stages of development" 
in simple anticlinal structures and "thought of the 
Hurricane Cliffs as the locus of a fold, in places folded 
and faulted and eroded on its western side."

Gardner (1941) gave to the eastward dip of the 
strata of the western, downthrown block, a structural 
name "sag" which denoted a condition resulting from the 
collapse of strata following extrusion of lava.

Russell (1955* p. 122-124) describes "reverse drag" 
and gives an excellent description and discussion of the 
possible modes of genesis. He states that "reverse drag is 
typically developed in regions where reverse faults are
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either absent or exceedingly rare'* and continues,
"furthermore, signs of the extensive compressive forces 
which would have accompanied the reverse faulting are 
generally absent”. Hamblin (1962) follows this approach 
in his analysis of the Hurricane fault "reverse drag”.

To this structural feature variously termed "sag”, 
"reverse drag”, and "downbending", is here given the valid 
structural name monocline, without implying that a monocline 
has been faulted. This term applied in the Hurricane fault 
zone refers to the Hurricane monocline, the "reverse drag" 
of Bussell and Hamblin, the "sag" of Gardner. This is the 
single most useful structure for analysis in the Hurricane 
fault zone. It is characteristic of the Grand Wash,
Toroweap and Sevier faults and is a diagnostic feature 
which figures prominently in the analysis which follows.

Taylor Creek Thrust Fault
The Taylor Creek thrust fault, which is newly named 

and described in this paper, extends from Timber Creek 
northward at least as far as Kanarra Creek on the east 
flank of the Kanarra fold.

Ash Creek Fault Zone
The Hurricane fault zone involves faulting which has 

displaced basalts in Ash Creek valley almost 2,000 feet.
The line of faulting continues along the west side of Black
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Bidge from Anderson Junction at least as far north as 
Kanarraville. To this line of faulting is given the name 
Ash Creek fault zone.

La Verkin Reverse Fault
Cook (1950) is the first to have presented a public 

map showing this fault which extends along the east side 
of Black Ridge, on the west side of the valley of La 
Verkin Creek, as far north as the latitude of Pintura 
north of which there are no exposures.

Tlmooweap Fault
The Tlmpoweap fault, named here for its exposure 

at Tlmpoweap Canyon, is the classical Hurricane fault. It 
extends northward from Sugar Loaf Butte to Tlmpoweap Canyon 
and may continue to Toquervllle Hill and beyond. It is the 
easternmost fault in the Hurricane fault zone at Hurricane, 
forming the eastern boundary of the Tlmpoweap monocline.

Airport Fault
The Airport fault, named here for its exposure 

near the Hurricane Airport, parallels the Tlmpoweap fault 
in strike. It displaces the Neogene basalts at Tlmpoweap 
Canyon and along the Hurricane Cliffs southward to the 
vicinity of the Hurricane Airport. The louderbacks thus 
produced are apparent from the road south of Hurricane.
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Sugar Loaf Butte Cross Fault

Not previously described, this fault terminates the 
Timpoweap, and possibly the Airport fault at the latitude 
of Sugar Loaf Butte.

Main Hurricane Fault
The Hurricane monocline appears to abut the up- 

thrown block of the Hurricane fault zone over much of its 
length in such a way as to leave little doubt that a fault 
is the eastern border of that monocline. This fault is 
exposed in only two places, so far as is presently known, 
south of Hurricane in the area studied. To this fault is 
given the name Main Hurricane fault.

In the following descriptions and analyses the 
Main Hurricane fault and the Hurricane monocline will be 
the principal structures; others south of Anderson Junction 
are subordinate. Yet the Main Hurricane fault is barely 
exposed and the subordinate structures must be utilized 
to determine the structure of the fault zone. This will 
become clear in the descriptions of the cross sections.

State Line Fault
To the fault causing the displacement of Neogene 

basalts south of Section 3, T. 43 S., H. 13 W., in the 
Hurricane fault zone is here given the name State Line 
fault.



THE HURRICANE FAULT ZONE— DESCRIPTION OF CROSS SECTIONS

The apparent simplicity of the Hurricane fault zone 
between the Colorado River and the north end of the Shiv- 
wits Plateau gives way, in the vicinity of Fort Pierce 
Wash, to the complications which characterize it from 
there northward to Cedar City. As Gardner (1941, p. 248) 
remarked, the stratigraphic displacement along the Hurri
cane fault Increases from south to north; similarly, so 
does the complexity. Certain other characteristics of the 
zone also change with increasing latitude; therefore, it 
seems best to start the description of the Hurricane 
fault zone with the simpler structures of the north end 
of the Shivwits Plateau, and to develop successively an 
understanding of the more complex ones to the north.

The Hurricane fault zone will be divided into a
number of sectors for this purpose of analytical
description. These Include (Fig. 2):

The Fort Pierce Wash-Sugar Loaf Butte Sector 
The Timpoweap Monocline Sector
The Toquerville Anticline-Black Ridge Anticline Junction 
The Black Ridge Anticline Sector 
The Deadman Hollow-Camp Creek Sector 
The Camp Creek-Kanarra Creek Sector
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The Port Pierce Wash - Sugar Loaf Butte Sector
This sector extends from the northern half of

T. 40 N., R. 10 W., S. R. B. M . 1 In northern Arizona,
about ten miles south of the state boundary, northward
along the Hurricane fault zone to Sugar Loaf Butte (also
called Mollies Nipple) in Section 15, T. 42 S., R. 13 W.,

1S. L. B. K. , a distance of about 20 miles.
In this sector the Shivwits monocline separates 

the higher Shivwits Plateau on the south from St. George 
basin, hence displacement on the Hurricane fault increases 
northward across that fold. There is no corresponding, 
sudden downwarp in the Uinkaret Plateau.

In this sector are the only known exposures of the 
Main Hurricane fault. They have not been described before 
and constitute the strongest evidence in support of the 
present interpretation.

Fort Pierce Wash Southern Cross Section (AA-AA*)
The Fort Pierce Wash cross section (AA-AA*, Figs. 2 

and 3 ) Is located about 10 miles south of the state line.

1. S.R.B.M. refers to the Salt River Base and Merid
ian used in Arizona. S.L.B.M. refers to the Salt Lake Base 
and Meridian used in Utah. The numbers of the townships 
north in Arizona and townships south in Utah are similar, 
as are the numbers of the ranges west. Care must be used 
in referring to legal subdivisions along the state border 
so as not to confuse the locations.
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The Uinkaret Plateau block contains a sliver (whether 
slice or horse is not known) of Kaibab-Supai strata about 
100 yards wide (Fig. ?a). These dip northeasterly, separated 
from the main Uinkaret block by a hinge fault on which 
displacement increases rapidly to the north. The sliver 
plunges northward 1-15°» and the strata in the sliver dip 
slightly into the hinge fault.

East of the hinge fault, the Kaibab beds dip east, 
from 5-10°, near the edge of the cliffs, but flatten 
rapidly to the east to assume the gentle northeastward 
regional dip of 2° (Wilson and Moore, 1959)• At the 
point where the Kaibab strata disappear beneath the 
alluvium at the north end of the sliver the bedding dips 
2-3° northwesterly according to Marshall (1957)» and the 
dip slip on the hinge fault is sufficient to have juxta
posed lower Kaibab limestone (Toroweap) against the Supai 
sandstone. Hinge fault displacement is estimated to be 
about 1 ,0 0 0 feet.

West of the Hurricane Cliffs, the Moenkopi and 
Shinarump strata dip gently east (as also shown in 
Wilson, 1962, PI. XIX, p. 6 3). However, the Shinarump 
conglomerate Is about 1500 feet from the base of the 
cliffs and Chinle strata may overlie the Shinarump at the 
Main Hurricane fault. Disregarding the hinge fault, total 
shift in the zone would equal the height of the cliffs
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or about 1 ,0 0 0 feet, plus the thickness of the Moenkopl 
Formation, about 1,5^7 feet (Gregory, 1950b, p. 115); 
about 100 feet of Shinarump; and an undeterminable thick
ness of Ghinle strata, but probably not more than 300 feet, 
for a total estimated shift of 3,000 feet. This may be 
equated to displacement if the hinge fault is disregarded. 
Total shift from plateau surface to plateau surface is 
between 1 ,0 0 0 feet and 1 ,5 0 0 feet at this point.

Wilson and Moore (1959) do not show any conglomerate 
at the base of the Hurricane Cliffs at this cross section. 
It is well covered for much of its length by alluvium 
derived from the Hurricane Cliffs, but can be seen locally 
a short distance south of the big bend in the Hurricane 
Cliffs at cross section A-A*.

Fort Pierce Wash Northern Cross Section (A-A*)
The Fort Pierce Wash northern cross section (A-A*, 

Figs. 2 and 3) is located about 5 miles south of the 
state boundary, specifically at latitude 36° 55* 15" 
(Marshall, 1957).

The upthrown, Uinkaret Plateau block exposes Kaibab 
and Supai strata (the Coconino is represented by a thin 
band of white sandstone at this point). The downthrown 
block consists of Moenkopl, Shinarump, and possibly some 
Chinle strata in the Hurricane monocline. A strip of 
alluvium and/or basalt covers a strip many hundreds of
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feet wide between these two blocks and the exact location 
of the Main Hurricane fault is not exposed.

In the upthrown block, just west of what may be the 
northern continuation of the hinge fault described at cross 
section AA-AA’, is a large block of Kaibab limestone lying 
on sandstones. The chert bands in the limestone block dip 
northwesterly from 10 to 35 degrees, with many minor 
contortions. The underlying sandstone beds are partially 
arched down toward the west, a particularly noteworthy 
feature. The limestone block is bounded by faults on its 
eastern and western sides. The eastern fault strikes 
N 40° E and dips steeply west north of the block and 60° 
west south of it. The western fault dips 40 to 50 degrees 
east. The Supai sandstone strata arch downward toward the 
west at the south end of the block and are cut by the 
two faults along that arch; but at the north end of the 
block the sandstone strata are fairly flat lying adjacent 
to the eastern fault on its eastern side.

Downarched Supai strata lie west of the western 
fault and extend to the alluvium. A few hundred feet 
west, the Shnabkaib member of the Moenkopi is exposed, dip 
unknown, and a few hundred feet farther west Moenkopi 
red beds dipping 75 degrees west crop out. The Main Hurri
cane fault apparently lies west of this outcrop, but maxi
mum displacement occurs on a fault between these beds and



the Supal beds to the east. Neither of these major faults 
is to be found on the surface.

On the western side of Port Pierce Wash the basalt 
is east-dipping but unfaulted. Farther north it overlies 
east-dipping Shinarump. There is, therefore, no proof that 
the basalt has been deformed as part of the Hurricane 
monocline. The eastward inclination may be explained as the 
result of deposition on a strip surface formed on the 
Shinarump conglomerate.

Displacement on the fault which lies between the 
Shnabkaib member and the downarched Supal beds is equal to 
the height of the cliffs, about 1 ,3 0 0 feet, plus the 
thickness of sub-Shnabkaib Moenkopl strata, or about 700- 
800 feet (Gregory, 1950b, p. 114-115) for a total throw of 
about 2 ,1 0 0 feet.

Displacement on the Main Hurricane fault at this 
structural level can be no greater than the stratigraphic 
interval of Shnabkaib to lower Chinle or about 1,000 feet.

Total displacement on the two faults is therefore 
about 3 ,1 0 0 feet at this structural level, which is not 
greatly different from that determined at cross section 
AA-AA*, about 3 ,0 0 0 feet. These estimates are probably in 
error by no more than 500 feet.

Total shift across the Hurricane fault zone, in
cluding the Hurricane monocline, does not change between
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cross sections AA-AA* and A-A*. However, the increase in 
throw due to the Shivwits monocline begins at the latitude 
of this cross section.

State Border Southern Cross Section (B-B*)
The state border southern cross section (B-B*, Figs. 

2 and 3) is at the wash about 0 .6  miles south of the state 
border at latitude 36° 59* 30” N. (Marshall, 1957)» where 
the old road leads over the Hurricane Cliffs (Fig. ?b).
Here is another exposure of a vertical fault separating 
gently west-dipping Moenkopi red beds (member not deter
mined) on the west from gently west-dipping Kaibab lime
stones on the east. In plan and section detail the fault 
is sinuous; in section the sinuosity dips east and west, 
on a strike of N. 25° W. Displacement on this fault may 
have any value from about 800 feet to about 2 ,0 0 0 feet.

Farther west, the Moenkopi and Chinle strata in 
the plains area along the state border are gently folded 
along northwardly-trending axes; bedding dips east and 
west. There is no evidence of the Hurricane monocline 
in this short north-south interval of about two miles, nor 
is there any indication of where the Main Hurricane fault 
is for much of the area is covered by alluvium. These 
north-trending folds are noteworthy.

Shift across the Hurricane fault zone at this 
locality is well over 3 ,0 0 0 feet, and may be close to a



Figure 8

The drag and overturning of the Virgin limestone 
member of the Moenkopi Formation at the state border 
northern cross section (C-C*, Figs. 2 and 3) could be 
interpreted as the result of right lateral movement on 
the fault observed there (which is not the Main Hurri
cane fault). This figure explains an alternative method 
of formation which does not require strike-slip movement.

Column A shows displacement of a sequence of 
strata, numbered 1, 2, 3» and 4. As faulting continues 
the dip of the downthrown strata increases. The weak, 
incompetent strata are pulled out from under in such a 
way that, with increased displacement bed 4 (the oldest) 
is dragged into the fault zone first and bed 1 is dragged 
in last, thus producing the sequence 4, 3> 2 , and 1 in 
the dragged zone adjacent to the fault surface.

Columns B and C indicate how a plate might be 
deformed if material were dragged into a fault as shown 
in column A. Column B represents a frontal view and 
column C represents a side view of the plate. Not only is 
there the tilting shown on Cl through C8 , but there is 
also the undermining represented in A1 through A?. 
Deformation such as is shown in B4 through B8 need not 
happen, of course, but if a particularly competent bed 
(such as the Virgin limestone, intercalated with shales 
and gypsum deposits) were ripped, then the undercurrent 
of material shown in Column A would tend to rotate the 
lower part of the plate (as in B4 and B5) in such a way 
that continued downward movement would result in further 
underfolding. A plan view of the top of B8 and C8 would 
give an eye-hook fold which would have all the manifesta
tions of right lateral strike slip but which would not 
require such a structural interpretation.

Diagrammatic Analysis of Structure in State Border Northern
Cross Section " "
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value equal to the total thickness of the Kaibab and 
Triassic strata or about 4,000 feet with a probable 
error of 500 feet. This Increase of shift (displacement) 
across the zone is the result of the depression of down- 
thrown block by the Shivwits monocline. The structural 
complications attendant upon the intersection of the Shiv
wits and Hurricane monoclines may account for the apparent 
absence of the Hurricane monocline at this point.

State Border Northern Cross Section (C-C*)
The state border northern cross section (C-C, Figs. 

2 and 3) is located less than one mile north of the state 
border. There a fault dips 80° west, strikes N. 5° E., and 
displaces Moenkopi red beds and the Virgin limestone 
member of the Moenkopi Formation against lower Kaibab 
limestone. Displacement is about 1,100 feet (Gregory,
1950b, p. 115). Alluvium covers the area to the west, 
hence there is no evidence of the Hurricane monocline or 
Main Hurricane fault at this latitude. Shift across the 
zone is about the same as that determined for cross 
section B-B*, or about 4,000 feet with a probable error 
of 500 feet. Therefore, a fault, or faults, must lie west 
of this locality on which there is a total displacement 
of at least 3 ,0 0 0 feet.
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The Virgin limestone member at this locality has 

been dragged around into an eyehook fold (Fig. 3» cross 
section C-C*, detail), which could be interpreted as the 
result of right lateral strike slip on this fault. It may 
also be interpreted as the result of plastic movement on 
a dip slip fault as shown in Fig. 8 . No other evidence 
to support or refute either interpretation was found at 
this outcrop.

Section 22, T. 43 S., R. 13 W., Cross Section (D-D*)
The Section 22, T. 43 S., R. 13 W., cross section 

(D-D*, Figs. 2 and 3) is located at the Hurricane Cliffs 
10 miles south of Hurricane where a large block of Navajo 
Formation, part of the Hurricane monocline, dips about 10° 
eastward into the Hurricane Cliffs. This block is in fault 
contact with the upper Supal strata of the upthrown block 
(Figs. 9 and 10). The fault is exposed in the center of 
the NE^ of Section 22 at an approximate elevation of 
4,000 feet. The fault surface strikes north-northwest and 
dips 70° east. Total stratigraphic throw is equivalent to 
about 200 feet of Supal strata, about 1,000 feet of Kaibab 
strata, 1,500 feet of Moenkopi, 100 feet of Shinarump, 
about 1,700 feet of Chinle, and perhaps 500 feet of Navajo 
strata, for a total stratigraphic throw of about 5 ,0 0 0  

feet, with a probable error of 500 feet. Gardner (1941) 
noted displacement of about one mile near the state border.
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Figure 9
The.Hurricane Cliffs in Section 22, T. 43 S.,

R. 13 W., viewed toward the east showing east-dipping 
lower Navajo sandstones in the middleground at the base 
of the Hurricane Cliffs, downfaulted opposite Supai 
sandstone. Note the absence of fault scarp features; 
there are no recent scarplets, faceted spurs or hourglass 
valleys. (For Interpretation see cross section D-D*, Figs. 
2 and 3 ).

Hurricane Cliffs in Section 22, T. 43 S., R, 13 W.

Figure 10
The Main Hurricane fault in Section 22, T. 43 S., 

R. 13 W., viewed toward the north showing Supai sandstone 
on the right (east) and Navajo sandstones on the left.
The fault strikes north-northwest, dips 70° east and 
throws the western block 5*000 feet.

Main Hurricane Fault. Section 22. T. 43 S.. R. 13 VJ
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This fault is the Main Hurricane fault because it 
bounds the Hurricane monocline on the east. It is also 
the fault with the greatest displacement at this point 
and a reverse fault.

A little over a mile west of the Hurricane Cliffs 
there is another fault on which the Navajo Formation has 
been dropped on the west opposite Moenkopi strata on the 
east. The throw is from 1,500 feet to 2,000 feet. To this 
fault is given the name State Line fault.

Total displacement on these two faults is between 
6,500 and 7>000 feet. Total shift is difficult to determine 
because of the eastward inclination of the downthrown 
strata; it is about 5 ,0 0 0 to 5>500 feet.

Section 10, T. 43 S., R. 13 W., Cross Section (E-E*)
The Section 10, T. 43 S., R. 13 W., cross section 

(E-E*, Figs. 2 and 3) locality contains evidence of 
neither the Main Hurricane fault nor the Hurricane mono
cline, both of which are exposed only two miles to the 
south. At this place, Moenkopi gypsum beds (Shnabkaib 
member?) and red beds dip 75° west on the west side of 
the outcrop, and Supai sandstones dip gently east on the 
east side. Between the red beds and the Supai strata is 
a zone of brecciated limestone which is similar to the 
Kaibab Formation. Between the brecciated limestone and the 
Moenkopi red beds is a fault which dips between 80° and
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and 88° to the east. The gyp stun beds are contorted and 
crushed; their dip and strike is not determinable. It may 
be that the brecciated limestone, fault, and gypsum 
represent a displacement zone with crushed rock material. 
The displacement at this point is from 1,800 feet to 
2 ,5 0 0 feet.

The State Line fault lies within one half mile 
of the Hurricane Cliffs at this latitude. Displacement 
does not seem to have changed greatly along that fault 
but the evidence is Inconclusive.

Section 3, T. 43 S., R. 13 W., Cross Section (F-F1)
The Section 3* T. 43 S., R. 13 V/., cross section 

(F-F*, Figs. 2 and 3) is six miles south of Hurricane.
At the base of the Hurricane Cliffs in the NW^ of the 
section is an exposure of Triassic red beds visible from 
the road one-quarter mile to the west. In this outcrop 
the east-dipping Shinarump conglomerate of the Hurricane 
monocline appears to have been duplicated by an east-dip
ping bedding plane fault. The eastern, lower ends of the 
duplicated Shinarump beds abut a westward-dipping fault 
beneath which are red beds, but whether of the Chinle or 
Moenkopi Formation is not known. These underlying red 
beds, in turn, abut Supai sandstones in a fault contact. 
This fault strikes N 5° E, on an average, and dips from 
80° to as low as 58° east.



Figure 11

View toward southeast of Hurricane Cliffs 
in Section 3j T. 43 S., R. 13 VI., at cross 
section F-F', at left center in the base of 
the cliffs. Note the absence of fault scarp 
features. This is a resequent fault line 
scarp formed on the Main Hurricane fault, 
although the State Line fault is very close 
to the base of the cliffsj the faults 
diverge south of this point. Note the young 
basalt flow which has cascaded part way 
down the cliffs at extreme right.

Hurricane Cliffs in Section 3, T. 43 S.. R. 13 VI
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Minimum displacement on this east-dipping reverse 

fault is equal to the height of the cliffs plus the total 
thickness of the Moenkopl Formation or about 2 ,6 0 0 feet.

The road, one-quarter mile to the west, crosses 
a basalt flow which is lying on east-dipping upper Navajo 
strata of the Hurricane monocline. The Navajo Formation 
has been displaced down about 3 ,6 0 0 feet with respect to 
the Shinarump conglomerate adjacent to the Main Hurricane 
fault. This western fault is the State Line fault which 
is here within one-quarter mile of the Main Hurricane 
fault, whereas at cross section D-D* the two faults were 
about two miles apart.

Displacement has decreased from about 5*000 feet 
to about 2,600 feet on the Main Hurricane fault, but it 
has increased from about 1 ,500 to 2 ,0 0 0 feet to over 
3 ,6 0 0 feet in the same interval, that is from the 
latitude of cross section D-D* northward to cross section 
F-F*, on the State Line fault.

Of more importance, it seems apparent that the 
State Line fault is the fracture which has caused dis
placement of the Neogene basalt at this locality. Although 
the basalt dips east, it may have been deposited on an 
east-dipping strip surface.
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The Tlmpowea-p Monocline Sector 

Between Sugar Loaf Butte, at the south end of the 
Timpoweap monocline sector, and Anderson Junction, at its 
northern end, basalt covers most of the fault zone. Nowhere 
is the Main Hurricane fault exposed, and only west of La 
Verkin is the Hurricane monocline well exposed. However, 
other structures are observable in the Hurricane Cliffs 
which aid in analyzing the structure of the fault zone.

It is in this sector that the outcrop of a fault has 
led so many to believe that the Hurricane fault is a normal 
fracture. The structure exposed in Timpoweap Canyon, at 
La Verkin, is the classical locality for the Hurricane 
fault. There, the Triassic strata dip west forming a 
structure to which the name Timpoweap monocline is given.
In the following sections the Timpoweap monocline will be 
the principal structure studied; at its northern end its 
merger with the Toquerville anticline and its termination 
at the Black Ridge anticline will be the major features 
discussed.

Sugar Loaf Butte Southern Cross Section (G-G*)
The Sugar Loaf Butte southern cross section (G-G*, 

Pigs. 2 and 3) is located three miles south of Hurricane. 
Sugar Loaf Butte is an erosional remnant of the oldest 
basalt in the region. It lies on Moenkopi strata on top of 
the Hurricane Cliffs east of Hurricane Airport (Fig. 1 2).



Figure 12
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Main Hurricane Fault (buried) 
Timpoweap Fault Airport Fault
Sugar Loaf Butte Cross Fault
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Hurricane Airport 
Sugar Loaf Butte 
Cross Section H-H* 
Cross Section G-G*

Note:
Each square represents a section, one mile on a side
Basalt remnants in the Timpoweap monocline are 
diagrammatic only; the positions have not been 
plotted exactly as they occur in the field but 
the interpretation is the same.

Geologic Map of the Hurricane Airport Area
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Figure 13
The south end of the Timpoweap monocline sector, 

looking north from the Vi§ of Section 22, T. 42 S., H. 13 W 
(Cf. Fig. 12). The quadrant fold in the Kaihab Formation 
is at right (cross section G-G1). Hurricane Airport is at 
left (white building). The plain in the foreground is 
alluvial-covered basalt. The Pine Valley Mountains are on 
the skyline at the left. Black Ridge is on the skyline in 
the center. Ash Creek Valley lies between them. The 
Hurricane Cliffs extend from this point northward along 
the louderback on the east side of the plain (at the right 
photo joint) at Hurricane, and continue northward around 
the south end of Black Ridge and then up Ash Creek Valley.

South End of Timpoweap Monocline

Figure 14
Sugar Loaf Butte, viewed toward the southeast from 

a point south of the south end of the Hurricane Airport. 
Cross section G-G* extends from the butte toward the 
observer. Cross section H-H* extends parallel to G-G*, 
but passes through the center of the second photo panel 
from the left. The Sugar Loaf Butte cross fault parallels 
the cross sections and passes through the center joint 
line of the photos. To the left of the cross fault the 
Hurricane Cliffs are formed on the Timpoweap fault. The 
Airport fault begins at the cross fault. Just off of the 
photo to the left a small remnant of the louderback 
produced by the Airport fault Indicates displacement of 
several tens of feet.

Hurricane Cliffs at Sugar Loaf Butte





Cross section G-G* (also Pigs. 13 and 14) shows the 
quadrant fold produced in the Kaibab strata. At the top of 
the fold the beds are horizontal but at the base they are 
vertical. Slickensides in the vertical beds at the base of 
the cliffs may represent either slippage of the beds during 
folding or actual fault displacement.

Sugar Loaf Butte Northern Cross Section (H-H*)
The Sugar Loaf Butte cross section (H-H1, Figs. 2 

and 3)» a few hundred yards north of cross section G-G*, 
exhibits an entirely different structure and shows that 
the quadrant fold does not extend to this point. Instead, 
there is a west-dipping sequence of Moenkopi red beds, 
inclined 60° to 75°• The Kaibab strata east of them lie 
flat in the upthrown block. The fault between the blocks 
is the steeply west-dipping Timpoweap fault.

Overlying the west-dipping red beds are flat-lying 
remnants of Neogene basalt flows. At the latitude of the 
airport they are not displaced, but with increasing distance 
northward displacement increases to 300 feet at Timpoweap 
Canyon. The fault which produces these louderbacks is the 
Airport fault.

The Timpoweap fault is obviously older than the 
Airport fault; it can be traced southward only a short 
distance before it abuts the quadrant fold. The termination 
is caused by the Sugar Loaf Butte cross fault.
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Displacement on the Timpoweap and Sugar Loaf Butte 
faults is not known; it cannot exceed the height of the 
cliffs plus the thickness of the Moenkopi Formation or 
about 2,500 feet to 2,700 feet and may be much less. Shift 
increases westward from the Timpoweap fault because of the 
west dip of the red beds. The increased displacement 
northward indicated by the louderbacked basalt remnants is 
clearly seen between Sugar Loaf Butte and Timpoweap Canyon.

Timpoweap Canyon Cross Section (I-I*)
The Timpoweap Canyon cross section (I-I*, Figs. 2 

and 3) represents the classical locality of the Hurricane 
fault. Basalts and Triassic strata are juxtaposed with 
Kaibab limestones; the red beds have been downfaulted and 
tilted steeply westward, and the basalts rest horizontally 
on them.

The Timpoweap fault dips west about 60° to 75°• The 
Airport fault is burled. Displacement on the Timpoweap 
fault is somewhat less than 1 ,5 0 0 feet but shift increases 
rapidly across the Triassic strata, amounting to over 
2,000 feet near the Airport fault. Displacement on the 
Airport fault is about 300 feet.

The steep westward dip of the Triassic strata con
tinues westward for a distance of at least 600 feet, but 
basalt covers the beds farther west. One questions if this 
is "drag" on a fault of 1 ,5 0 0 feet displacement.
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The westward-dipping Trias sic strata from Sugar 
Loaf Butte to Timpoweap Canyon are part of the Timpoweap 
monocline which is hounded on the east by the west-dipping 
Timpoweap fault.

The structure at Timpoweap Canyon was shown by 
Huntington and Goldthwait (1904, p. 225) and noted by 
Cook (I960, p. 106). Gardner (1941, p. 24?) stated:"At the 
Virgin Biver near the town of Hurricane, two faults are 
exposed at the base of the ledge and another must be present 
under the lava and alluvium only a few hundred yards to the 
west." (emphasis supplied)

The reasons for that statement will become clear 
in the next section.

La Verkin Cross Section (J-J*)
The La Verkin cross section extends east-west along 

the northern city limits of La Verkin. About l£ miles west 
of the Hurricane Cliffs the Cretaceous sandstones arch 
concave down and dip east in the northern extension of the 
Hurricane monocline. Their eastern limit is buried by 
basalt.

Farther west, the Navajo sandstones are flat lying. 
The Carmel Formation is in fault contact with them, dipping 
steeply into the fault on which displacement is no more 
than a few hundred feet. One questions if this is drag.
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A composite cross section "based on I-I* and J-J* 
indicates that the Timpoweap and Hurricane monoclines 
meet "beneath the basalts. The join is probably a fault, 
the third fault which Gardner believed to exist beneath 
the basalts, mentioned above.

The combined displacement on the Timpoweap and 
Airport faults is probably no more than 1,800 feet. The 
overall shift is 5>500 feet from the Uinkaret Plateau to 
the top of the Navajo Formation at the western end of the 
cross section. Maximum shift across the fault zone appears 
to be about 7>500 feet. That value minus the Timpoweap 
and Airport fault displacements of 1,800 feet, gives a 
throw of about 5>700 feet which is similar to the combined 
displacements on the Main Hurricane fault and State Line 
fault at cross section F-F*. Maximum displacement exceeds 
the overall shift by about 2,000 feet in this cross 
section, a value greater than the total displacement at 
the Grand Canyon. Obviously, the Hurricane monocline is 
a major structure at this point.

Toquerville Hill Southern Cross Section (K-K*)
The Toquerville Hill southern cross section (K-K*, 

Figs. 2 and 3) cuts the quarter section comer of sections 
11 and 12 in a N 72° E direction at the south end of 
Toquerville Hill, which forms the steep slopes east of 
Toquerville, culminating at 4,400 feet in the NW£ Section 1.
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The Triassic and Navajo strata dip westward in 

Toquerville Hill as part of the Timpoweap monocline and 
western flank of the Toquerville anticline. Two miles 
west the Navajo sandstones dip east. Cook (i9 6 0, p. 101, 
Fig. 7) interprets this eastward dip as the eastern flank 
of the Virgin anticline concave up, but this concavity is 
purely subjective.

The eastward dip of the Navajo sandstones may 
also be interpreted as the northern continuation of the 
Hurricane monocline, concave down; basalt covers the 
eastern flank, hence the direction of concavity is moot. 
Actually, the two folds seem to blend into each other. 
Perhaps the observed dips might be a bit steeper than one 
might expect for the flank of the Virgin anticline at 
this point, but this is not a valid objection.

Shift across the Hurricane fault zone is similar 
to that at any point south to cross section I-I*, about 
5,500 feet. Displacement on the faults in the zone cannot 
be determined at this point.

Toquerville Hill Northern Cross Section (L-L*)
The Toquerville Hill northern cross section (L-L*, 

Figs. 2 and 3) passes through the top of Toquerville 
Hill parallel to K-K*. The Moenkopi and Shlnarump strata 
dip west, still as part of the Timpoweap monocline and 
west flank of the Toquerville anticline. Basalt covers



the western side of the hill, hence supra-Shinarump strata 
are burled. West-dipping thrust faults have triplicated the 
Shlnarump conglomerate; west-dipping normal faults have 
cut out the Shnabkaib member at the north end of the hill. 
Thick breccias in the Timpoweap limestone near the crest 
of the Toquerville anticline and on its western flank 
indicate bedding plane faulting of low angle. Minor evi
dence indicates that these are thrust faults.

The Toquerville anticline extends from La Verkin 
Creek to the south end of Black Ridge; the Timpoweap mono
cline parallels this fold along most of its length, the 
two merging much as the east flank of the Virgin anticline 
merges with the Hurricane monocline (Fig. 15)•

Shift across the Hurricane fault zone (including the 
Toquerville anticline) is about the same as that to the 
south.
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TA- Toquerville anticline 
VA- Virgin anticline 
HM- Hurricane monocline 
TM- Timpoweap monocline 
TF- Timpoweap fault 

MHF- Main Hurricane fault

Figure 15
Diagrammatic View Northward of Toquerville District
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Black Ridge Antlcline-Toquervllle Anticline Junction

Black Ridge is part of an anticline (to be more 
completely described in the following section) eroded and 
denuded to the Kalbab limestone. Along its eastern flank 
is the La Verkin reverse fault which emerges in the 
Hurricane Cliffs east of Anderson Junction in the great 
comer of the Hurricane Cliffs (Cook, i9 6 0, p. 80, PI. 7; 
this paper Figs. 16 and 18). Cook showed the emergence of 
this fault on his maps (Cook, 1950, 1952, 1957, I960). He 
also showed that the fault dipped east and was downthrown 
to the east in his cross sections in the same papers, but 
also shows the west side down (Cook, 1957, P« 25, Fig. 10).

The northerly trending Toquerville anticline shows 
primarily as a stripped surface of Kalbab or Timpoweap 
limestone. The crest rises toward the north and at its 
northern end meets the southern end of the Black Ridge 
anticline as shown in Figure 20.

The join between these two anticlines of Kalbab 
limestone is the La Verkin reverse fault, as can plainly 
be seen in the high cliffs east of Anderson Junction 
where the three rims of Kalbab limestone are well exposed 
(Figs. 16, 18, and 21).

Displacement on the La Verkin reverse fault is 
difficult to determine at this exposure east of Anderson 
Junction. It may be as much as 2 ,0 0 0 feet. The fault dips



Figure 16

View northeast of the southern end of the 
Black Bidge anticline. For interpretation 
see Figures 20 and 21 and cross sections 
0-0* and P-P*. The two remnants of basalt 
flows represent the upthrown block along 
the Ash Creek fault. Displacement is about 
1 ,5 0 0 feet.

Southern End of Black Bidge East of Anderson Junction
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Figure 17
View south from the south end of Black Ridge, on the trace 
of.the La Verkin reverse fault. Toquerville Hill is the 
large, pointed hill at left center. The trace of the Main 
Hurricane fault, buried by basalt, is interpreted to pass 
by the foot of Toquerville Hill on the west side (right).
The west-dipping strata of Toquerville Hill are part of the 
Tlmpoweap monocline. The west-dipping basalts are interpreted, to be deposited on an erosional surface formed on the 
Tlmpoweap monocline; their dips are original.

North End of Tlmpoweap Monocline

Figure 18
View northeast of the southern end of Black Ridge, showing 
the trace of the La Verkin reverse fault zone (noted by 
solution cavities and canyon rising at foot of cliff). The 
Kaibab limestone on the right has been displaced upward 
perhaps 2 ,0 0 0 feet with respect to that on the left; the 
fault dips east. In detail, intensely brecciated chert 
fragments form a wide belt in the fault zone. The limestone 
is recemented.

Southern End of La Verkin Reverse Fault in 
Hurricane Cliffs East of Anderson Junction

Figure 19
View south-southeast showing the vertically-dipping chert 
beds in the Kaibab limestone at the south end of the Black 
Ridge anticline. This point lies only a few hundred feet 
west of the trace of the La Verkin reverse fault in the 
Hurricane Cliffs shown in Figure 18 above.

Vertlcally-Dl-pping Kaibab Strata at Southern 
End of Black Ridge Anticline
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Figure 17

Figure 18

Figure 19



east (Fig. 18) and displacement is down on the west, hence 
it is a reverse fault.

BRA- Black Ridge anticline 
TA- Toquerville anticline 

LVF- La Verkin reverse fault

Figure 20
Diagrammatic View Northward of Junction 
of Black Ridge and Toquerville Anticlines

Kaihab. Is. 
Toroweap Is. 
Supai ss.x

basalt
Kalbab Is.

basalt

La Verkin fault

Figure 21
Diagrammatic View Eastward of Great Corner of 
Hurricane Cliffs East of Anderson Junction.

There is one further complication. At the southern 
end of Black Ridge the Kalbab strata arch down and dip 
vertically, striking parallel to the trend of the Timpo- 
weap monocline and Toquerville anticline (Fig. 22 and 19). 
Horizontal sllckensides in these vertical beds indicate 
strong horizontal movement at the south end of the Black



Ridge anticline. The general structural configuration 
is shown in Figure 22.
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LVF

BRA- Black Ridge anticline 
LVF- La Verkin reverse fault 
TA - Toquerville anticline 
x - location of vertical strata and horizontal 

slickensides

Figure 22
Diagrammatic View Northward of Black Ridge 
Antlcllne-Toquervllle Anticline Junction.

Black Ridge Anticline Sector 
From Anderson Junction the Hurricane Cliffs extend 

northward as one, unbroken wall to Deadman Hollow (Dry 
Canyon of Huntington and Goldthwait, 1904), about nine 
miles away. The sector is divided into the Anderson 
Junction, Plntura, and Deadman Hollow subsectors,

Anderson Junction Subsector (M-M* to Q-Q*)
The Anderson Junction subsector (M-M*, N-N*, 0-0*, 

P-P*, PP-PP*, and Q-Q*, Figs. 2, 3 and 4) extends from 
the southern end of Black Ridge northward to Plntura.
The Black Ridge anticline has been faulted and eroded in



this subsector so that its western limb is noticeable only 
in the Callville and Pakoon Formations at the south end. 
Farther north the Supai sandstones exhibit the western 
flank.

The Pakoon gypsum beds in the southern end of Black 
Ridge are virtually undeformed, although the outcrop fails 
to reach the steeply downtumed beds at the very end of 
the anticline. With increasing distance northward they 
give way to tectonic breccias which in turn thin northward. 
In the Supai sandstones several steeply west-dipping faults 
of minor displacement crop out. In the Callville limestone 
complex thrust structures are found in the crestal part of 
the fold, as shown by the chert layers (Fig. 23a).

Neogene basalts form the floor of Ash Creek Valley, 
but there are no louderbacks in this subsector north of 
the southern end of the anticline. The basalts in the 
valley are locally cut by small, discontinuous faults of 
throw no greater than about 200 feet. The fault zone jogs 
in a series of steps near the south end of Black Ridge, 
northeast of Anderson Junction.

On the east flank of the Black Ridge anticline the 
Kalbab strata arch over to the vertical and are locally 
overturned. East of the overturned Kaibab beds the Moen- 
kopi shales are tightly folded into chevron anticlines 
(Fig. 24). The interpretation offered here is that the
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Figure 23a
Sketch view of complex thrusts In chert layers in 

the Callville Formation northeast of Anderson Junction. 
View, looking south, shows an east-dipping thrust which 
is younger than the west-dipping thrust. The dotted chert 
layer was displaced about 2 feet by the earlier thrust. 
The earlier thrust, the dotted chert and the lined chert 
were then displaced by the younger east-dipping thrust. 
This complicated structure occurs on the crest of the 
Black Ridge anticline.

Figure 23b
Sketch view of overturned folds in the Chinle 

Formation in Taylor Creek, looking south. The overturning 
to the east is directly opposed to the sense of rotation 
on the Taylor Creek thrust fault. This fold occurs in 
the zone between the duplicated Springdale sandstone 
members in the Taylor Creek thrust fault (cross section 
U-Uf, Figs. 2 and 4).

Sketch Views of Small, Complex Folds 
and faults in the Hurricane Fault Zone
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La Verkin reverse fault extends along the contact between 
the overturned Kaibab beds and the folded Moenkopi strata, 
the west side having been depressed with respect to the 
eastern.

West of Anderson Junction and along the west side 
of Ash Creek Valley for a distance of ten miles (Cook,
1957t P» 25, Fig. 10) the Claron Formation dips east into 
the Hurricane fault zone forming a structure which is 
interpreted here as part of the Hurricane monocline and 
the eastern flank of the Virgin anticline. Apparent dis
placement of the Claron Formation at this locality may be 
from 6,300 feet to 9>200 feet (Appendix 1). The shift 
across the zone from Smiths Mesa on the east to a point 
beneath the Pine Valley Mountains on the west is about
4.000 feet. The top of Black Ridge is structurally 3>600 
feet higher than Smiths Mesa. The top of the Pintura 
fold is structurally about 1,500 feet lower than Smiths 
Mesa, hence the Pintura fold is structurally about 5>100 
feet lower than the Black Ridge anticline. Based on the 
exposure of the La Verkin reverse fault east of Anderson 
Junction, the west side of that fault may be as much as
2.000 feet lower structurally than the east side. Total 
structural relief between the downthrown side of the La 
Verkin reverse fault and the top of Black Ridge anticline 
may be as great as 5 ,6 0 0 feet.
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Figure 24

Aerial view, looking north, of the east side of Black 
Ridge; La Verkin Creek is at right. The Navajo sand
stone on the Kolob Terrace forms the skyline at the 
right. The sharp crest of Black Ridge at the left is 
formed on the steeply east-dipping Kaibab limestone 
which abuts severely folded Moenkopi strata in the 
center foreground. The La Verkin reverse fault forms 
the contact between the two formations; it continues 
northward up the canyon in the center of the photograph 
and disappears beneath the basalt capping and talus. 
Compare cross section R-R*•

La Verkin Reverse Fault Zone on East Side of Black Ridge



According to Gregory (1950b, p. 144) Dobbin 
estimated the displacement on the fault zone to be 15*000 
feet in this vicinity. Cook (1957* p. 93-9*0 states that 
the shift is estimated at about 10,000 feet whereas the 
slip, though very difficult to estimate, is certainly 
less than half that.

Pintura Subsector (R-B*)
The Pintura subsector (R-R*, Figs. 2 and 4) extends 

from Pintura northward about one mile. The La Verkin 
reverse fault apparently continues northward with undim
inished throw but disappears beneath basalt talus and 
alluvium east-northeast of Pintura; it is not exposed 
north of there. There is evidence of only one fault on 
the east side of Black Ridge (Cf., Cook, I960, p. 6?,
Map 12).

Although the Kaibab strata on the east side of the 
Black Ridge anticline dip steeply east, there is no 
evidence of overturning east of Pintura. The Shlnarump 
conglomerate dips west into the La Verkin fault here.

On the west flank of the Black Ridge anticline the 
Kaibab beds dip west about 40°, forming a structure which 
Cook (1957, p. 93) believes is due to drag in the Hurri
cane fault zone with dip parallel to the fault plane. The 
foot of this limb is covered by basalt. The crest of the 
fold is locally capped by several flat-lying basalt
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outliers which are remnants of the uplifted part of the 
Ash Creek valley basalt flows. Hamblin (1963, p. 87) gives 
a value of 2,146 feet for the displacement of the basalt.

The structural relationships do not appear 
remarkably different in this subsector from those noted in 
the Anderson Junction subsector, except that the western 
limb of the Black Ridge anticline is better developed.
The resistant Kalbab carapace of the fold has not been 
eroded east of Pintura.

The Claron Formation dips east into the fault zone 
about 35° (Cook, 1957, p. 25, Fig. 10) northwest of Pintura. 
But this dip extends over a horizontal, east-west distance 
of 4,500 feet unfaulted, and 6,000 feet slightly faulted. 
This gives a thickness of no less than 2,500 feet for the 
Claron Formation, whereas Cook (1957, p. 42 and 46) gives 
thicknesses of 460 feet at a point "west of Pintura" and 
533 feet for a point about twelve miles to the west. No 
structural interpretation is offered here for this anom
alous condition.

Deadman Hollow Subsector (S-S*)
The Deadman Hollow subsector (S-S*, Figs. 2 and 4, 

and Fig. 25) includes the most prominent louderback on 
Black Ridge. The steeply folded Kalbab Formation which 
forms the carapace of the Black Ridge anticline in the 
Pintura subsector extends northward into this part, but
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the dips decrease and the fold plunges slightly northward.
Whereas the top of the Kaifcab limestone is at an elevation 
of about 6,400 feet (reconstructed) at R-R', it descends 
to an elevation of about 5*000 feet at S-S', its lowest 
maximum structural elevation in the Black Ridge-Kanarra 
fold belt. In conjunction with this northward plunge of the 
Black Ridge anticline, the Ash Creek Valley surface has 
constantly risen from Anderson Junction, at about 3*800 
feet, to the southern end of Cedar Valley, at about 5*000 
feet. The Deadman Hollow subsector is, therefore, a 
transition zone in that the major structures observed 
north of here are found mainly in the Mesozoic strata, 
whereas south of here they have been found mainly or 
completely in Paleozoic formations.

The Deadman Hollow subsector is a zone of transition 
for two other reasons. The Ash Creek fault seems to extend 
into this part of the zone and even farther north, but the 
displacement is decreasing northward from the maximum of
2,000 feet to about 1,500 feet just north of Deadman 
Hollow. Also, the La Verkin reverse fault, which disappears 
beneath talus and alluvium east of Pintura seems to give 
way to the southern end of the east-dipping Taylor Creek 
thrust fault. There is no evidence of a connection between 
these two similar faults but an unusual outcrop may bear 
on this problem.

L



Figure 25a
Sketch view looking northwestward toward the east 

side of Black Ridge opposite Currant Creek in upper La Ver
kin Creek canyon approximately on Gardner's cross section 
A-A' (Fig. 2). The dotted lower cliffs represent the Spring- 
dale sandstone member of the Chinle Formation in place (the 
lower of the duplicated beds at the right of Fig. 25c). The 
three upper, dotted cliffs represent the upper duplicated 
sandstone. The skyline is formed of Neogene basalt flows 
which form the top of Black Ridge northeast of Pintura.

Figure 25b
Sketch view looking northwestward toward the upper 

part of the duplicated Springdale sandstone shown in Fig.
25a above. This is a closer view of the largest of the three 
upper cliffs shown. Note the overturned folds at the base of 
the sandstone cliff, indicating movement toward the east (to 
the right). The sense of rotation is the same as that in the 
folds in Taylor Creek (Fig. 23b). Similar folds are found 
in thrust soles beneath the Kaibab Formation where it lies 
on the Aztec sandstone in St. Thomas gap, east of Overton, 
Nevada.

Figure 25c
This diagrammatic cross section of the above locality- 

shows the known structure only. Slope wash, talus and plant * 
growth covers the slope hence structural data are lacking. 
Perhaps the upper of the duplicated sandstone beds slid 
down as a gliding thrust due to uplift of the Black Ridge 
anticline. If this is so, it may cover the possible junction between the La Verkin reverse fault to the south and the 
Taylor Creek thrust fault to the north. This structure seems 
similar to the Sheblt thrust in the Beaver Dam Mountains.

Sketch Views of Currant Creek Locality
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On the east side of Black Ridge, down the slope 

about two miles from the crest, on the west side of La Ver- 
( kin Creek, and between the mouths of Smith and Currant Creeks

the Springdale member of the Chinle Formation is duplicated 
by thrusting (Fig. 25). Folds beneath the "allocthon" in- 

) dicate its emplacement from the west. This exposure appears
to be about one mile east of the probable northward contin
uation of the La Verkin reverse fault. This outcrop may be 

l but part of a larger gliding structure which may extend
farther north and south along the east side of Black Ridge.
If so, perhaps this may serve to hide any continuation of 

> the La Verkin reverse fault. The structure itself may well
have resulted from a combination of uplift of the Black 
Ridge anticline and reverse faulting.

The northward plunge of the Black Ridge anticline 
1. has brought Moenkopi strata below the level of the basalt

flows on Black Ridge in this subsector. These erode readily, 
hence there is little bedrock exposed on either side of the 
anticline between Deadman Hollow and Pintura; basalt talus 
and alluvium derived from the Moenkopi cover much of the 
slope south of Deadman Hollow.

The top of the Kaibab Formation at the crest of 
the Kanarra fold at S-S* is about 3,000 feet to 3,500 feet 
above the same surface beneath the Kolob terrace east of 
the Kanarra fold. This is essentially the same value as 
that obtained at Anderson Junction. The fact that this



structural relief has not changed between Anderson Junction 
and Deadman Hollow may Indicate that the structural condi
tions along the Black Ridge anticline and La Verkin reverse 
fault have not changed greatly either, in spite of the 
lower dips and apparent absence of the fault.

Deadman Hollow to Camp Creek Sector
The change in form of the Black Ridge anticline 

northward from Anderson Junction toward Black Ridge above 
Pintura and finally Deadman Hollow, and the duplication of 
the Springdale sandstone member on its east flank indicate 
a transition into a different structural development along 
the Hurricane fault zone. From its southern end, just north 
of Peach Springs, Arizona, to La Verkin, the exposed surface 
of the upthrown block has been generally limited to the 
upper surface of the Kalbab Formation, although in the Uln- 
karet volcanic field the Moenkopi Formation forms the sub- 
basaltic stratum. In that region the basalt protects the 
weaker shales from rapid erosion; talus and alluvium cover 
much of the fault zone and little can be learned there about 
the fault. On the east side of Black Ridge, the Moenkopi 
beds are intensely folded but the actual La Verkin reverse 
fault contact lies between the exposed Kalbab and Moenkopi 
strata.

In the Kanarra fold farther north the principal 
structures developed occur in the Mesozoic strata, a
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sequence so completely different In its physical properties, 
and widely variable as well, from those of the Paleozoic 
sections that the structures developed are considerably 
different.

At the south end of the Kanarra fold, between cross 
sections U-U* and T-T*, there is only one small remnant of 
the Neogene basalt flows which cap Black Ridge to the south. 
There are no downthrown counterparts, hence Neogene post
basalt displacements cannot be determined here, although 
it appears to be no greater than about 1,500 feet. Farther 
north, Averitt (1964) gives evidence of 1,500 feet of dis
placement, so that this value appears to be reasonable.

Deadman Hollow Cross Section (S-S*)
The Deadman Hollow cross section (S-S*, Figs. 2 

and 4) contains minor evidence of structural deformation, 
consisting of bedding plane faults, duplications and 
omissions of beds, and the eastward dip of the strata. The 
duplications and omissions occur in the I-loenkopi strata, 
west of the inferred trace of the La Verkin reverse fault. 
There is no evidence of faulting, either normal or reverse, 
in the crestal portion of the Kanarra fold west of the 
Taylor Creek thrust (except, of course, for the Ash Creek 
fault zone). There is no evidence to indicate that the 
Shinarump conglomerate has been faulted north of Deadman 
Hollow (Cf. Cook, I960, p. 50, Map 5).
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Fall Greek Cross Section (T-T*)

The Fall Creek cross section (T-T*, Figs. 2 and 4) 
indicates the type of structural development which extends 
northward to Kanarravllle. The northward continuation of 
La Verkin Creek, where the stream turns sharply to the east 
to enter the high Kolob Terrace, is called Timber Creek. On 
the west side of Timber Creek the Springdale sandstone 
member is exposed in a structure which is the southernmost 
outcrop of the Taylor Creek thrust fault.

The Springdale sandstone member is faulted at this 
locality. The western, downthrown side, consists of steeply 
east-dipping beds; the eastern side consists of gently 
east-dipping strata. The beds of the western block arch 
down, convex up, with dips from 45° to 60°; at their point 
of steepest dip the Springdale sandstone of the eastern 
side abuts the equivalent bed of the western side. The 
angular discordance is about 30° at their line of junction. 
The amount of displacement cannot be determined, but cer
tainly must exceed several hundred feet.

A fundamental difference is to be noted between the 
duplication of the Springdale sandstone at Currant Creek and 
the configuration here. At the former locality the upper 
Springdale bed has moved eastward with respect to the lower 
bed; at Timber Creek the upper Springdale bed has moved 
westward over the lower. There are no outcrops between the



two localities, hence their relationships cannot be 
determined.

Taylor Creek Cross Section (U-U*)
The Taylor Creek cross section (U-U*, Pigs. 2 and 

4), may be considered the type location for the Taylor 
Creek thrust fault.

Taylor Creek is the longest of the streams which 
drain westward from the Kolob Terrace east of the Hurricane 
Cliffs; it has cut deeper into the Kanarra fold than any 
other stream and provides the best cross section of that 
structure (Pig. 26). Perhaps the displacement on the Taylor 
Creek thrust is no greater here than farther north and south 
but simply reflects this deeper erosion into the fold.

The duplication of the Springdale sandstone is 
not at first obvious. Gregory and Williams (194?, p. 233) 
made a stratigraphic section up Taylor Creek but apparently 
did not notice it. The thrust has not been noted on the 
new geologic map of southwestern Utah or on Cook's maps.

In Taylor Creek, as in the Deadman Hollow and Fall 
Creek localities, the strata dip east. Inclinations are 
gentle near the Hurricane Cliffs, increase eastward toward 
the Springdale sandstone member of the downthrown block 
and then decrease eastward into the Kolob Terrace where the 
regional dip is assumed. Between the duplicated Springdale 
sandstone members chevron folds and overturned asymmetric
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Figure 26

View toward south across Locust Creek-Taylor Creek divide 
showing the duplicated Springdale sandstone which forms 
the two ledges In the high ridge In the center. The dip 
slip on the Taylor Creek thrust fault may be 2,000 feet. 
Compare with cross section U-U1.

View Southward of Taylor Creek Thrust Fault
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anticlines, and very steeply dipping beds are the observ
able evidences of the deformation which developed in this 
zone between the thrust blocks (Figs. 23b and 26).

The duplicated beds diverge with depth. They are 
about 2,000 feet apart at the level of Taylor Creek, but 
are only a few hundred feet apart at the crest of the hog
backs both to the north and to the south. The dip slip thus 
indicated appears to be on the order of thousands of feet; 
it may be as much as 2,000 feet. The proximity of the 
duplicated beds is to be noted near the hogback crests, 
for at the localities to the north only the crestal parts 
of the thrust are exposed. The convergence of the outcrops 
of the duplicated beds is obvious when the thrust is 
traced out in the field.

Locust Creek Cross Section (V-V*)
The Locust Creek cross section (V-V, Figs. 2 and 

4) provides an excellent example of the obscurity of the 
Taylor Creek thrust fault.

Locust Creek is a small, ephemeral stream the 
drainage basin of which consists of a small area entirely 
west of the Springdale sandstone cliffs. Unlike Taylor 
Creek, Locust Creek has not cut deeply into the Kanarra 
fold structure, hence evidence of the Taylor Creek thrust 
fault is limited only to the two hogbacks a few hundred 
feet apart at the divide of the stream.



97

Wayne Canyon Cross Section (W-W*)
The Wayne Canyon cross section (W-W*, Figs. 2 and 4) 

shows the duplicated Springdale sandstone members lying 
in contact, even the small gap existing in Locust Creek 
having been closed.

Camp Creek Cross Section (X-X*)
The Camp Creek cross section (X-X*, Figs. 2 and 4) 

manifests the increasingly complex structural relationships 
which begin here and culminate in the Kanarra Creek cross 
section.

At the mouth of Camp Creek the Timpoweap limestone 
member of the Moenkopi Formation has been displaced about 
100 feet by an east-dipping reverse fault which strikes 
N 45° E and dips 45°. Eastward the dips increase to the 
vicinity of the Springdale sandstone, which is again 
duplicated, both beds here dipping about 60° east. Con
torted strata between the Shinarump conglomerate and the 
Springdale sandstone indicate some accomodation to dis
placement along the unctuous Petrified Forest member benton
ites. The Navajo sandstone dips more steeply east than at 
any point to the south.

Averitt (1962, p. 41) noted sllckensides at the 
mouth of Camp Creek which dip 65° west, which with two 
other measurements, one by Gardner at Timpoweap Canyon,



indicated to him that the Hurricane fault is a west-dipping 
normal fault.

From the divide between Camp and Spring Creeks the 
view northward reveals the vertical and overturned strata 
of the Kanarra fold east of Kanarravllle.

Camp Creek to Kanarra Creek Sector 
Spring Creek Cross Section (Y-Y*)

The Spring Creek cross section (Y-Y*, Figs. 2 and 4) 
manifests the complexities of the Kanarra fold in excellent 
exposures from the Hurricane Cliffs eastward to the Navajo 
Formation.

The steep cliffs of Kalbab limestone which form the 
walls of Spring Creek near its mouth contain many bedding 
plane thrusts, overturned drag folds, steep eastward dips, 
duplication of massive limestone beds, and general shatter
ing and recementation indicative of the severe distortion 
involved in the formation of the overturned Kanarra fold 
(Fig. 2?).

Farther upstream, the Kaibab-Moenkopl contact is 
severely shattered and faulted. Even farther upstream the 
Moenkopl beds increase in dip to the vertical, and then 
dip westward, overturned. Outcrops of the Shinarump con
glomerate south of Spring Creek show this overturning very 
well; the west-dipping beds in the bottom of Spring Creek 
can be traced southward where the dip becomes vertical,
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Figure 2?
The bottom of the Kaibab limestone near the mouth of Spring 
Creek is contorted by drag folds, minor bedding plane thrusts 
and general crumpling. Evidence shown Indicates that the 
bed moved east (left) over its base. The Kaibab limestone 
overturns a few hundred yards north of this point. The sense 
of rotation is the same as that noted for the overturned 
folds in Taylor Creek (Fig. 23b) and Currant Creek (Fig. 25b)

tructural Details of the Hurricane Fault Zone in Spring Creek
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and then steeply east-dipping toward the divide between 
Spring and Camp Creeks.

Farther upstream the Chinle strata dip west, over
turned; the Springdale sandstone member is not duplicated. 
In the small park-like area near the Navajo-Chinle contact 
the Navajo sandstone dips east about 45° and the Chinle 
beds dip west, overturned, about 70°. The contact between
them is approximately vertical, but is not depositional 
as has been shown (p. 24-25)• If the beds were rotated to 
a position of horizontality for the Navajo Formation, the 
Chinle beds would dip east about 65°♦ The similarity 
between such a rotated structure and the condition at 
Timber Creek (T-T*) is obvious.

A normal, post-folding fault could not have caused
the configuration noted; any downfaulted beds would be 
either Navajo or younger on the western side, or Chinle 
or older on the eastern side (remembering that the Chinle 
Formation is overturned), as shown in Figure 28.

Figure 28
Chinle-Navajo Contact Relationships in Upper Spring Creek

i
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Figure 28a shows the observed relationship. Figure 

28b shows the inferred relationship if a vertical fault 
had dropped the folded strata on the east. Figure 28c 
shows the inferred relationship if a vertical fault had 
dropped the folded strata on the west.

This zone can be traced northward to Kanarra Creek 
and southward to upper Camp Creek just as the Taylor Creek 
thrust fault can be traced along the Kanarra fold. There 
appears to be little doubt that this is part of the Taylor 
Creek thrust fault which here dips vertically. It has 
every appearance of having been tilted during overturning 
of the beds in the Kanarra fold.

The structural relief in this cross section is 
from 5,000 feet to about 5,500 feet, depending on the 
thicknesses used, between the crest of the Kanarra fold 
at the Hurricane Cliffs and the flat-lying, or nearly so, 
strata beneath the Kolob Terrace. This seems to be from 
1,000 feet to 1 ,5 0 0 feet greater than that observed over 
most of the length of the Ksmarra-Black Ridge fold from 
Anderson Junction north.

Kanarra Creek Cross Section (Z-Z*)
The Kanarra Creek cross section (Z-Z*, Figs. 2 and 4) 

represents the culmination of the structural deformation 
which resulted in the overturning of the strata in the 
Kanarra fold.
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Figure 30

Looking northeastward from the center of 
Section 36, T. 37 S., B. 12 W., toward 
the elbow in Kanarra Creek where it turns 
from its course directly across the up
turned strata of the Kanarra fold and 
follows the contact of the Chinle and 
Navajo Formations. The high, sharp peak 
at the right is Navajo sandstone, dipping 
steeply west, overturned. The strata at 
the left are gently inclined Chinle beds, 
dipping west and overturned. The contact 
between the formations follows the valley 
in the foreground and continues up the 
canyon in the center background, at the 
base of the cliffs on the right. The 
contact dips west; it is the Taylor 
Creek thrust fault, interpreted here as 
having been overturned by the Kanarra 
folding.

The Overturned Taylor Creek Thrust Fault at Kanarra Creek



Figure 29

Aerial view northward of the Kanarra fold in the Wayne 
Canyon-Kanarra Creek interval. In the foreground the 
Hurricane Cliffs rise sharply from the lowlands of Cedar 
Valley. The gray in the cliffs is the Kaibab limestone; 
the chocolate brown strata are the Hoenkopi Formation. 
Kanarravilie is on the highway at left center, middle 
distance. Beyond Kanarravllle are the South Hills. The 
Hurricane Cliffs trend east just beyond Kanarravllle 
and pass east of the South Hills. At Kanarravllle the 
normally east-dipping strata change their dip radically 
and dip west, overturned. Compare cross sections W-W* 
through Z-Z*.

The Kanarra Fold
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The entire sequence from the Kaibab to the Navajo 

dips steeply west (Fig. 29)• From the mouth of Kanarra 
Creek upstream the overturned strata appear generally 
parallel and relatively unfaulted, although local contor
tions indicate the compression to which these beds were 
subjected during folding and overturning. The Kaibab lime
stone is especially fractured and recemented. There is 
little of major structural significance west of the 
Chinle-Navajo contact, however.

At the base of the Navajo cliffs Kanarra Creek has 
eroded a strike valley which cuts deeply into the contact 
zone between the Chinle and Navajo Formations. The creek 
turns east and cuts directly across the upturned Navajo 
strata thus exposing the cross section especially well
(Fig. 3 0).

The Chinle Formation dips west from about 50° to 
about 80° at the Navajo contact. The Navajo sandstone dips 
steeply west near the top of the cliffs, overturned; then 
vertically part way down the cliffs; and finally dips 
steeply east near the base of the cliffs at the level of 
the creek bed. The contact between the two formations is 
nearly vertical but in places dips steeply west. This 
structure can be traced northward from Spring Creek; it is 
the continuation of the Taylor Creek thrust fault.
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Gregory (1950a, Plate 2) mapped this fault zone 

between Kanarra and Spring Creeks as a normal fault down 
on the west. Averitt (1 9 6 2, Plate I) shows an inferred 
fault in the lower part of the Navajo sandstone a little 
over one mile northeast of this locality in which the west 
side is down. That fault apparently terminates at the Murie 
Creek cross fault as shown on Averitt*s map; he does not 
show the dip of the fault. Averitt does show a number of 
strike faults north of the Muries Creek cross fault, all 
with throw on the west.

The question arises: is this fault normal, as 
Gregory showed, or is it reverse? Chinle beds on the west 
are opposite Navajo beds on the east; the fault is vertical 
to steeply west-dipping, hence appears to be reverse. 
However, drag in the fault zone indicates that the Chinle 
beds have been displaced down. If this is a normal, post
folding fault, the throw must be well over 1,000 feet; the 
exact amount is not readily determinable. West-dipping, 
overturned Chinle beds would thus have been dropped from 
a position on top of (although stratigraphically lower 
than) the overturned Navajo sandstone.

If the entire sequence were rotated so that the 
Navajo strata were restored to horizontal!ty the Chinle 
beds would dip from 30° to 45° east. This is essentially 
the same configuration as that already noted for the
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Taylor Creek thrust fault at Timber Creek, Taylor Creek 
and Spring Creek.

Since the fault zone can be traced from the southern 
end of the Taylor Creek thrust to this point, and the 
apparent pre-overturning geometry is similar to that of the 
un-overtumed strata of the Kanarra fold to the south, the 
interpretation offered here is that this vertical to steeply 
west-dipping fault is the Taylor Creek thrust fault, the 
western side of which is down, overturned at this point 
as the result of the overturning of the beds in the 
Kanarra fold. Thus the Taylor Creek thrust fault must be 
of Laramide or pre-Laramide age.

The displacement on the Taylor Creek thrust fault 
at this point is not known. The topographic elevation of 
the surface is the highest noted for the thrust, but is 
not greatly different from the elevations farther south.
The fact that the thrust is exposed higher in the strati
graphic column here than elsewhere is noteworthy, but the 
absence of a good marker bed, such as the Springdale 
sandstone member, in the fault zone prevents a displacement 
determination from being made.

Structural relief is even greater than that noted 
for the Spring Creek cross section, for here the Kaibab 
limestone is overturned. No attempt is made to reconstruct 
the continuation of the overturned Kaibab beds, but a
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structural relief of over 6,000 feet is indicated.
The top of the Navajo Formation is at an elevation 

of about 6,400 feet in the upper part of Kanarra Creek 
(Gregory, 1950a, Plate 2 and stratigraph!c sections, p. 78- 
96). It is at an elevation of about 6,000 feet in the 
South Hills about two miles north of this locality. There
fore, there is an apparent shift of only 400 feet, down on 
the west, across the fault zone. However, the Claron Forma
tion, at an elevation of about 6,000 feet in the South 
Hills has been dropped no less than 3,000 feet to 4,000 feet 
(depending on the reconstructed surface of the Claron 
Formation westward from the Markagunt Plateau). Averitt 
(1962, p. 4o-4l) notes a minimum displacement of 8,000 
feet. Therefore, the shift determined from the Navajo 
Formation is misleading. Perhaps the outcrop of Navajo 
sandstone in the South Hills is a remnant of a thrust sheet, 
perhaps the thrust sheet which at Kanarra Creek seems to 
have produced the overturning.



THE CEDAR POCKET CANYON-SHEBIT-GUHLOCK FAULT COMPLEX

Dobbin (1939) first studied these faults and 
named them. They exhibit structures which are homologous 
to those of the Hurricane fault zone, hence a geometric 
understanding of this fault system should be of aid in
analyzing the Hurricane fault system...........

The complexity of the fault zone is not as great 
as that in the Hurricane fault zone, but in order to 
maintain a certain parallelism of analysis this fault sys
tem will also be studied from south to north, beginning 
with the Cedar Pocket Canyon fault.

The availability of Cook's maps (i9 6 0) of the fault 
with legal subdivisions on a conveniently sized base is a 
welcome aid in the following descriptions.

Cedar Pocket Canyon Fault Zone 
The Cedar Pocket Canyon fault exhibits structures 

which are considered here to be homologues of those found in 
the Hurricane fault zone. This homology may be due to the 
similarity of conditions and genesis. If this contention is 
correct, then an understanding of the geometry and kinematics 
of the Cedar Pocket Canyon fault will aid in understanding 
the Hurricane fault zone.

10?



Figure 32

Explanation

Stratigraphy 
Nb Neogene basalt 
Trm Moenkopl Formation 
Pk Kaibab Formation 
Pt Toroweap Formation 
Ps Supai Formation

Structure
CPOF Cedar Pocket Canyon fault

a. Cross Section A-A*
b. Cross Section B-B*
c. Cross Section C-C*

Cross Sections of the Cedar Pocket Canyon Fault
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In Section 32, T. 43 S., B. 1? W. (Cook, i9 6 0, 

p. 75, Map 16; this paper, cross section B-B', Figs. 31 
and 3 2) the fault zone shows the following structural 
features s

1. The eastern fault block
2. The eastern, steep normal faults
3. The interfault zone
4. The western, east-dipping reverse fault
5. The western fault block

The western fault block is Dobbin's (1939, P* 135)
"comparatively narrow zone of minor distributive faulting 
... just west of the main fracture, forming a complicated 
mosaic of Kaibab limestone blocks". The "dragging of the 
Kaibab limestone" which locally "decreases" the strati
graphic displacement is part of the interfault zone.

The Eastern Fault Block
The Callville, Pakoon, Supai, Toroweap, Kaibab and 

Moerikopi Formations form the visible parts of the eastern 
fault block in the area studied (Fig. 31)• These beds dip 
gently eastward into the St. George basin forming a contin
uous, unfaulted homocline.

The Eastern, Steep Normal Faults
These faults, described by Dobbin, are steeply 

west-dipping to vertical normal faults which extend from a 
point about one mile south of cross section A-A* (Figs. 31 
and 3 2) northward to cross section B-B*.
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Displacement on one fault begins at the north bound

ary of Section 32, T. 43 S., where it merges with a west
dipping, small monocline formed in the gypsum beds in the 
Toroweap Formation. Dip slip increases to the south where 
two faults are covered by basalt south of cross section A-A*. 
Displacement is only a few tens of feet at the state border, 
but increases to about 400 feet just south of the border. 
South of the Virgin River displacement on the two faults is 
about 1,000 feet.

The Interfault Zone
Between the eastern fault and the reverse fault is 

a zone of deformation a few hundred feet wide at the cattle 
tank on the state border (B-B*) and about 1,500 feet wide 
at cross section A-A*•

In this interfault zone at the cattle tank two beds 
appear to be concave upward, as might be expected in a drag 
zone. However, neither of these occurrences is due to drag 
as indicated by the following facts.

First, the outcrop of Kaibab limestone just east 
of the cattle tank appears to dip 75° west (Dobbin, 1939>
Fig. 8), but careful examination reveals that the chert beds 
in this block are actually dipping about 20° east. This 
outcrop represents not drag, but a slice of Kaibab limestone 
t o m  from the east-dipping Kaibab of the western block and 
caught in the interfault zone. It is several hundred feet
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above its counterpart in the downthrown block and over 1,000 
feet below the Kaibab limestone in the cliffs of the eastern 
fault block.

Second, this east-dipping block of Kaibab limestone 
is underlain by only a few feet of gypsum, whereas the 
regional relationships, exposed only a few hundred feet 
farther north, show the presence of several tens of feet 
of gypsum beneath the limestone. Almost all of the gypsum 
between the limestone block and the underlying sandstone 
beds is gone. Just a few hundred yards farther north the 
monoclinal fold in the gypsum connects the gypsum in the 
western side with that in the eastern. The eastern fault 
disappears into this monocline.

That simple drag on a normal fault with displace
ment of only a few tens of feet would cause such bending 
of the thick limestone and attenuation of the gypsum beds 
seems highly unlikely.

The Western East-Dipping Reverse Fault and Western Fault 
Block

The western reverse fault has been seen in only 
two places: at the cattle tank on the state border (B-B*)» 
and at a point about seven miles south of the state border 
(A-A*). Zones of deformation apparently within a few feet 
of the fault are in Section 29, T. 43 S. (C-C*).

L



Figure 33

Explanation

Stratigraphy 
Qal Alluvium 
Trm Moenkopi Formation 
Pk Kaibab Formation 
Pt Toroweap Formation 
Ps Supai Formation 
Pc Callvllle Formation

Structure
CPCF Cedar Pocket Canyon fault 
STF Shebit thrust fault

a. Cross Section D-D*
b. Cross Section E-E*
c. Cross Section F-F*

Cross Sections of the Cedar Pocket Canyon 
and Shebit Faults
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The surface of this fault differs notably from that 

of the eastern normal fault in the following important 
respects: it is not an easily discernible fault, as is the 
eastern. Careful and detailed examination is required to 
locate it, since much of it is recemented limestone which 
closely resembles the nearby blocks of Kaibab and Toroweap 
limestone of the western fault block. Deformation of the 
limestone is shown by the severe shattering of the chert 
fragments, brecciation and recementation of the brecciated 
limestone, iron staining, and solution pitting of the more 
permeable mass. Numerous minor joints, sllckensides, and 
minor folds and faults are found in the fault zone. In 
both places where observed the fault zone is up to one 
hundred feet wide. Many sllckensides exhibit horizontal 
components much greater than vertical. Of the fault sur
faces containing sllckensides with minor horizontal com
ponents the majority dip east, with sllckensides indicat
ing movement down on the west. Horizontal sllckensides 
occur in the east-dipping Moenkopi strata of the down- 
thrown block adjacent to the fault zone in Section 29,
T. 4-3 S. (C-C). All cases of horizontal sllckensides 
may represent b-lineatlon.

The western fault block dips steeply to moderately 
into the reverse fault in a structure similar to the 
Hurricane monocline. This eastward dip extends from the



northern end of the Cedar Pocket Canyon fault to Its 
southernmost exposure, where it disappears beneath the 
Neogene basalts about 8 miles south of the state border.
The reverse fault seems to be the eastern boundary of that 
monocline, just as the Main Hurricane fault is the eastern 
boundary of the Hurricane monocline. If this analogy is 
correct, then the reverse fault extends the full length 
of the Cedar Pocket Canyon fault zone.

The Cedar Pocket Canyon fault appears to be the 
northern continuation of the Grand Wash fault (Wilson and 
Moore, 1959) which continues over 70 miles to the south, 
forming the western border of the Colorado Plateau. The 
west side of the Grand Wash fault dips east into the fault 
zone (Longwell, 19^5> p. 115» Fig. 12) producing a structure 
remarkably similar to that noted in the Cedar Pocket Canyon 
and Hurricane faults.

The western reverse fault is spatially associated 
with the Virgin thrust fault to the southwest and the 
Shebit thrust fault to the north (Fig. 31; Cook, i9 6 0.
Map 16; Moore, 1958, Geologic Map).

The northwest-dipping Virgin thrust fault extends 
north-northeastward at least from Section 32, T. 4-1 N.,
R. 14 W., S. R. B. M. in Arizona, to Section 2, T. 4l N.,
R. 13 W. The closest outcrop of this thrust to the western 
reverse fault is about one mile distant, along the strike

114



115
of the thrust. Displacement on the Virgin thrust fault 
just north of the Virgin River equals a stratigraphic throw 
of about 5*500 feet with lower Redwall limestone emplaced 
on the top of the Kaibab limestone. North-northeast from 
that point displacement decreases until, at a point about 
one-half mile southwest of the cattle tank Supai sandstone 
of the northwestern block is opposite Toroweap limestone 
of the southeastern block. The wash which follows the trace 
of the thrust fault extends farther north-northeast to meet 
the Cedar Pocket Canyon fault a short distance south of 
the cattle tank at the state border.

By inferrence, the thrust fault probably extends to 
that same point. The junction of the Virgin thrust and the 
Cedar Pocket Canyon fault zone may account for the wide 
fault zone at the cattle tank and possibly for the horizon
tal slickensides. The thrust fault cannot account for the 
eastward inclination of the fault surface, however.

The spatial association of the Cedar Pocket Canyon 
fault with the Shebit thrust fault is shown in Section 1? 
(D-D* and E-E*) and the southern part of Section 8 (F-F*)>
T. 43 S., R. 1? W.

In Section 1? (E-E*) steeply east-dipping Moenkopi 
strata are overlain by gently east-dipping Kaibab limestone. 
The zone between the two formations is brecclated; beneath 
the breccia the Moenkopi beds are overturned by drag and dip



west, indicating an eastward movement of the Kaibab block. 
The Moenkopi strata, part of the normal sequence of beds 
in the monocline of the downthrown block, are contorted and 
locally duplicated by bedding plane faults. Dip slip on the 
Cedar Pocket Canyon fault is indeterminable, but the strati
graphic throw appears to be at least equal to the thickness 
of the Moenkopi Formation, about 2,000 feet (Reber, 1952, 
p. 105). Superficially, considering the discordant Kaibab 
mass, displacement appears to be only a few hundred feet, 
especially when viewed from the cliffs east of the fault 
zone, but the error of this interpretation is obvious.

In Section 8 (F-F*) steeply east-dipping Moenkopi 
strata lie beneath badly brecciated and recemented limestone 
beds of the Kaibab Formation. The Virgin limestone member 
of the Moenkopi Formation lies beneath the Kaibab mass, 
dipping steeply, hence displacement on the Cedar Pocket 
Canyon fault at this point is in excess of 700 feet. The 
Kaibab mass is spoon-shaped, as determined from dips on the 
chert beds. To the west, the Supai beds dip east toward the 
fault zone. To the east the Kaibab limestone forms a cliff 
several hundred feet high, in which the strata dip westward 
at the cliff face, flatten slightly farther east, and then 
assume the regional eastward dip of the homocline mentioned 
above.



Figure 34

Explanation

Stratigraphy 
Trm Moenkopi Formation 
Pk Kalbab Formation 
Pt Toroweap Formation

Structure
CP OF Cedar Pocket Canyon fault 
STF Shebit thrust fault 
SA Shebit anticline

a. Cross Section G-G*
b. Cross Section H-H1
c. Cross Section I-I*

Cross Sections of the Cedar Pocket Canyon 
and Shebit Faults
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In the eastern half of Section 5 (G-G*) the Kalbab 

Formation of the western block of the Sheblt thrust dips 
30° east. The Moenkopi strata dip west just east of the 
Sheblt thrust fault, but are severely folded and overturned 
at the fault. There is no evidence of the Cedar Pocket Can
yon fault at this point.

The Interpretation offered here is that the Sheblt 
thrust fault is represented south of cross section G-G* 
by the Kalbab limestone masses which overlie the steeply 
east-dipping Moenkopi strata in cross sections D-D*, E-E*, 
and F-F*. It is even possible that the limestone mass at 
cross section B-B* represents not a slice in the Cedar 
Pocket Canyon fault zone but part of the Sheblt thrust, but 
such an extrapolation is debatable.

It might also be noted that the Cedar Pocket Canyon 
fault seems to vanish just at the point where it enters the 
Moenkopi strata in Section 5 (G-G*) which appear to dip 
beneath the Sheblt thrust. Possibly the Cedar Pocket Can
yon fault itself has been covered by the Sheblt thrust, 
an interpretation which is rather similar to that already 
noted for the Currant Creek locality in the Hurricane fault 
zone; the fault may even continue farther north although 
the evidence is not definitive.

The Cedar Pocket Canyon fault at cross section A-A* 
indicates a movement upward on the west on the western fault
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in that locality. However, the anticlinal bend just west 
of that fault is suggestive of a decollement fold which 
might have some resemblance to the Shebit thrust to the 
north. Perhaps some such rumpling in the fault zone pre
ceded development of the Shebit thrust. Probably at depth 
displacement on that western fault is down on the west, as 
indicated by the steep eastward dips west of the anticline, 
part of the monocline which constitutes the western fault 
block. One might even consider a possible relationship be
tween the fault zones at A-A* and B-B' in which the iso
lated Kaibab mass at B-B* might represent the toe end of 
the anticline preserved at A-A*.

Shebit Fault
In Section 17, T. 43 S. (D-D* and E-E») the Shebit 

thrust is represented by the gently east-dipping Kaibab 
limestone which overlies the east-dipping Moenkopi. The 
thrust can be traced northward in similar fashion through 
Section 8 (G-G*). In Section 5 the Shebit thrust takes on 
the form more characteristic of its outcrops farther north 
in which the Kaibab limestone of the western 11 aliocthonousH 
mass has been thrust eastward over Moenkopi strata of the 
eastern 11 autocthonousM mass. However, the Kaibab "allocthon" 
in Section 5 dips east, whereas farther north the Kaibab 
dips west (J-J* and K-K*, Figs. 31 and 35). At K-K* two 
thrusts are noted, one emplacing Kaibab over Shinarump



Figure 35

Explanation

Stratigraphy 
Trc Chinle Formation 
Trs Shinarump Conglomerate 
Tim Moenkopl Formation 
Pk Kaihab Formation 
Pt Toroweap Formation

Structure
STF Shebit thrust fault 
GF Gunlock fault 
SA Shebit anticline 
SS Shebit syncline

a. Cross Section J-J*
b. Cross Section K-K*
c. Cross Section L-L*

Cross Sections of the Shebit and Gunlock Faults
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conglomerate and lowest Chinle beds; the other resulting in 
excision of the Shnabkaib member to the east of the main 
Sheblt thrust fault. Both thrusts appear to be genetically 
related. The eastern thrust appears to be in line with the 
Cedar Pocket Canyon and Gunlock faults, but this may be 
fortuitous.

At the northern end of the thrust it is poorly ex
posed. The scarp which indicates the thrust in Sections 32, 
29, 20, 1 7, and 8 (L-Lf), T. 42 S., seems to die out in the 
south half of Section 5» However, in Sections 32, 29 (M-M*), 
and 20 (N-N1), T. 4l S., the west-dipping Shinarump conglom
erate and Springdale sandstone member of the Chinle Forma
tion have been duplicated by west-dipping thrusts which may 
represent the northern continuation of the Sheblt thrust 
fault zone, but not necessarily as part of the same fracture.

The Sheblt thrust is spatially and probably geneti
cally related with the Sheblt anticline and Sheblt syncline 
(Dobbin, 1939, p. 135)• It is interesting to note that the 
west flank of the Sheblt syncline dips east into the general 
fault zone. One wonders if there might not be some relation
ship between the configuration of the anticline west of the 
main Cedar Pocket Canyon fault at cross section A-A’ and the 
Sheblt thrust and Sheblt syncline at the latitude of K-K*. 
The evidence suggests that the Sheblt thrust fault may be a 
decollement, gravity thrust. If so, it must have developed
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during Cedar Pocket Canyon faulting. Perhaps the Shebit 
syncline represents the northern continuation of the east
dipping monocline formed in the western block of the Cedar 
Pocket Canyon fault, with the added development of upward 
"drag" formed by Shebit decollement thrusting which may 
have resulted in the draping of the Shebit thrust over the 
northern end of the Cedar Pocket Canyon fault. This seems 
to have occurred at a point where displacement was small j
enough to permit the Shebit thrust to pass over the 
eastern fault block in the incompetent supra-Kaibab strata.
In this interpretation it might even be considered that the 
Cedar Pocket Canyon fault extends as far north as the north
ern end of the Shebit thrust.

Gunlock Fault
The Gunlock fault (Dobbin, 1939» p. 135) extends 

from about Section 8, T. 42 S. (L-L*)» north to the vicinity 
of Gunlock, a distance of about 11 miles.

The Gunlock fault crops out in Sections 21, 28, and 
33, T. 40 S., Sections 17, 20, 29, and 32, T. 4l S., and 
possibly in Section 8, T. 42 S. At these outcrops the dip 
of the fault surface is between vertical and 80° east, al
though one dip of 75° east was noted. Downthrow is on the 
west, hence it is a reverse fault. At almost every outcrop 
the fault contact contains a silicified vein or stringer.
Adjacent to the Navajo sandstone this quartz stringer is the
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Figure 36

Explanation

Stratigraphy 
Nb Neogene basalt
Jc Carmel Formation
Jn Navajo Formation
Trc Chinle Formation
Sss Springdale sandstone member 
Trs Shinarump Conglomerate 
Trm Moenkopi Formation

Structure
STF Shebit thrust fault 
GF Gunlock fault

a. Cross Section M-M*
b. Cross Section N-N*
c. Cross Section 0-0*

Cross Sections of the Gunlock Fault
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product of silicification of the quartzese Navajo Formation. 
In the other formations the source and genesis of the quartz 
is not known. Parallel-striking anticlinal folds adjacent to 
the fault contact in Sections 4 (0-0*), 20 (N-N*), and 29 
(M-M*), T. 4l S., and Section 8 (L-L*) indicate compression 
during formation of the fault. An abundance of very small, 
east-dipping reverse faults in the Navajo sandstone in Sec
tion 17, T. 4l S., indicates this, as well.

The exposure of the Gunlock fault along the highway 
in Section 32, T. 4l S., may represent the southernmost 
outcrop of the fracture. An outcrop in Section 8, T. 42 S., 
appears to be on strike with the fault. Topographic ex
pression of a linear trend on the west side of the hills 
extending between these two outcrops suggests continuity. 
This locality is on a general line of stratal discontinuity 
which is far more apparent from the"air, along the strike 
of that line, than it is on the ground.

From Section 29, T. 4l S., to Section 8, T. 42 S., 
the Gunlock fault more or less parallels the Shebit thrust, 
about 1,500 feet to the west, meeting it in Section 29 to 
the north (M-M*). Therefore, the two faults overlap for 
a distance of about 2% miles with the Shebit anticline 
between them. The Shebit and Gunlock faults do not continue 
as one fault, interpreted as a scissor fault (Guidebook to 
the Geology of Utah, No. 7, p. 140). Cook (i9 6 0, p. 6 5)
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considers the Sheblt anticline to be drag on the Shebit 
thrust fault, the “logical southward extension of the 
Gunlock fault”. This interpretation is not followed here.

The beds of the downthrown block dip into the Gun- 
lock fault from Section 17, T. 4l S., northward. In Sections 
20 (N-N*) and 29 T. 4l S., the Gunlock fault extends
along the east flank of the Shebit syncline, hence the down- 
thrown beds apparently dip away from the fault. However, at 
the fault the generally west-dipping strata fold abruptly 
and dip east at the fault contact, even though the west side 
is down. These folds are obviously not drag folds. South of 
Section 29, T. 4l S. (M-H*), the Gunlock fault extends along 
the east flank of the Shebit anticline, fairly near the axis. 
Thus south of II-M* to L-L* the top and part of the west flank 
of the Shebit anticline represent a ramp-type graben, the 
west boundary fault of which is a medium angle, west-dipping 
thrust fault; and the east boundary of which is a steep, 
east-dipping reverse fault.

The basal Claron fanglomerate (Wasatch formation of 
Dobbin, 1939) is cut by the Gunlock fault at Gunlock. Local
ly the fanglomerate is cut by small faults of strike sub
parallel to that of the Gunlock fault. These subsidiary 
faults are penecontemporaneous, for they penetrate various 
distances upward and are then covered by younger fanglom
erate material. The indication seems to be that the Gunlock

L
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faulting was beginning or underway during deposition of the 
Claron fanglomerate, thereby dating the fault as late 
Cretaceous at its inception. If the Beaver Dam Mountains 
were the source area of the fanglomerate material then 
their uplift and Gunlock faulting were also contemporaneous. 
This seems reasonable.



SPECIFIC GEOHOHPHIC STUDIES

In this chapter a few specific subjects will be 
analyzed that have a direct bearing on the amounts and times 
of displacements in the Hurricane fault zone. These pertain 
to the Neogene basalt flows, erosion rates, and the origin 
of the Hurricane cliffs between Fort Pierce Wash and 
Anderson Junction.

Neogene Basalt Flows and Hurricane Fault Displacements 
Gardner (19^1) referred all basalts in the region 

to the Quaternary. Gregory (1950b, p. 133-140; 1950a, p. 97- 
104) describes the various flows adequately. Reference 
should be made to these works for descriptions.

The principal importance of the Neogene basalt 
flows lies in their function as datum surfaces for displace
ments along the various faults of the Hurricane zone.
Basalts have been faulted from Hurricane Airport north to 
Fall Creek, and many investigators have considered that 
certain basalts south of the Hurricane Airport have also 
been faulted. The areas to be examined include:

The Fort Pierce Wash-Sugar Loaf Butte Sector 
The Tlmpoweap Monocline Sector 
The Black Ridge Sector
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The Fort Pierce Wash - Sugar Loaf Butte Sector

Reference to Figure 2 will show two general areas j
.jin this sector in which basalt flows are abundant, a south- *J

e m  area around Fort Pierce Wash, and a northern area ]
between cross sections E-E* and G-G*. |

In the northern area the basalts of the upthrown j
block consist of older and younger flows. The older are !
represented by a series of six small, isolated basalt-capped 
buttes between cross sections F-F* and G-G*. The younger 
flows which form the more extensive fields east of the 
older group are unrelated to the present problem and will 
not be considered in this analysis.

In the southern area there are no basalts in the 
upthrown block opposite the Fort Pierce Wash flows.

In the downthrown block the basalts in both areas 
dip east into the fault zone; those in the northern area 
lie on Navajo sandstone (Fig. 37)> whereas those in the 
Fort Pierce Wash locality lie on Shinarump and Moenkopi i
strata. Gardner (1941) considered these east dips to have 
resulted from deformation during Hurricane faulting. There 
is a possibility, however, that the basalts were deposited ^
on already east-dipping strip surfaces, such as could have 
been formed on the Shinarump conglomerate and on the upper 
part of the Navajo sandstone. It would be difficult to deter
mine the relative values due to each cause.

.



Figure 37

The Main Hurricane fault follows the base 
of the Hurricane Cliffs (high cliffs at 
right from road in center background to 
right edge of photograph). The State Line 
fault follows the edge of the Neogene 
basalt flow and Navajo sandstone outcrop 
in left middleground. Note eastward dip 
of the upper Chinle and lower Navajo 
beds at right; this is part of the Hurri
cane monocline. Note also the eastward 
dip of the basalt flows at left and 
center.

View North along the Hurricane Cliffs 
toward Cross Sections E-E* and F-F*.
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In the Fort Pierce Wash locality undercutting of 

weak Moenkopi shales and a greater relief help to erode 
the basalts rapidly. In the northern locality the Navajo 
sandstone extends far below local base level, undercutting 
is minimal and relief is lower. The basalts of the northern 
area appear not to erode as fast as those at the Fort Pierce 
Wash area.

Gregory (1950b, p. 135) believes that the lavas 
which "cap the adjoining mesas on the edge of the Hurricane 
Cliffs are basalts of the type common to southwestern Utah 
... These remnant lavas may once have been parts of flows 
extending westward into the sheets that in consequence of 
faulting now lie at the base of the Hurricane Cliffs, 1,400 
feet below." Gregory further notes that Sugar Loaf Butte is 
a "remnant of one of the oldest flows in southern Utah."

Since the remnants which form the six isolated 
buttes include Sugar Loaf Butte and all are similarly pre
served, it would appear that analyses applicable to one 
should apply to all. Whereas Gregory believed that only 
Sugar Loaf Butte was a remnant of the oldest flows,
Hamblin (1 9 6 3, p. 84) believes that "Remnants of the oldest 
flows (Stage I) exist as cap rocks for several small buttes" 
south of Hurricane. Hamblin (1963; p. 8 9) believes that 
the Stage I lavas were deposited on a late Miocene or early 
Pliocene peneplain, suggesting to him a Mio-Pliocene age.



Displacement of the Neogene basalts in the northern 
area may have occurred at any time since the Mio-Pliocene, 
therefore.

The Tlmpoweap Monocline Sector
Reference to Figure 2 will show that Neogene basalts 

cover the downthrown block of the Hurricane fault zone from 
Hurricane north to Toquerville. Alluvium only a few feet 
thick may actually cover basalt flows between Sugar Loaf 
Butte and Hurricane. Between Toquerville and the south end 
of Black Ridge erosion has breached the basalt flows in Ash 
Creek Valley, but the surface is generally covered by 
alluvium.

Three special conditions might be noted. First, 
basalt has been displaced by the Airport fault between Sugar 
Loaf Butte and Tlmpoweap Canyon. The louderback is much 
younger than that formed south of Sugar Loaf Butte. Second, 
basalt flows on Toquerville Hill dip west. Third, none of 
the basalts of the downthrown block, excluding those at 
Toquerville Hill for the moment, are inclined as the result 
of monoclinal folding. The louderback formed by the Airport 
fault exhibits slight southward dips in the upthrown block 
due to the hinging along the fault, and the basalts at 
Hurricane have slight original dips as the result of 
emplacement, perhaps on rough topography.

131
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Parunaweap (?) gravels cover the trace of the 

Tlmpoweap fault east of Toquerville and have not been dis
placed. These appear to have formed In a pond or depression 
behind a basalt dam on La Verkin Creek.

In the up thrown block there Is only one area of 
basalt. Two small outcrops at the south end of Black Ridge 
appear to be upthrown, louderbacked counterparts of the 
flows In Ash Creek Valley. Displacement Is about 1,500 feet 
at this point. Except for the small louderback noted for 
the Airport fault, there Is no other evidence of major 
post-Neogene basalt displacement In this sector.

Huntington and Goldthwalt (1904, p. 249) and 
Hamblin (1 9 6 3, p. 8?) believe that the post-basalt displace
ments at Sugar Loaf Butte (1,400 to 1,600 feet), Tlmpoweap 
Canyon (300 feet), and the south end of Black Ridge (1,500 
feet) were all part of the same movement. It has already 
been shown that the Airport fault displacement decreases 
to zero at Sugar Loaf Butte, hence that Interpretation does 
not appear tenable. As Interpreted here, the absence of a 
fault scarp Indicating 1,500 feet of displacement between 
Sugar Loaf Butte and the southern end of Black Ridge Is the 
result of erosion of weak Triasslc strata from the upthrown 
block, not a decrease in displacement. Comparison of cross 
sections G-G' through L-L* will show no evidence of a 
decrease in post-basalt throw. In fact, the evidence
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indicates a general Increase in throw northward from G-G*, 
although this increase is of pre-basalt age. There is no 
evidence, however, of a decrease of 1,200 feet between Sugar 
Loaf Butte and Timpoweap Canyon as required by the above- 
mentioned interpretations.

Another line of reasoning arrives at the same con
clusion. On the Airport fault displacement increases 300 feet 
in 3i miles for an average rate of increase of 85 feet per 
mile. If it is assumed that the same fault continues north
ward to the southern end of Black Bidge, the rate of increase 
would be 1,200 feet in 6 miles for an average rate of in
crease of 200 feet per mile, 2.3 times that noted on the 
Airport fault. Such a fault would have produced a displace
ment of 1,100 feet at Toquerville Hill. There is no evidence 
of a post-basalt displacement of that magnitude at that 
place.

Hamblin (1 9 6 3, p. 87) believes that "drag on the 
upthrown block has tilted the flows, so that they now dip 
as much as 46 degrees toward the fault plane" at Toquer
ville Hill (emphasis supplied). Accordingly, the major fault 
should be on the west side of Toquerville Hill, but the 
basalts are only slightly displaced at the north end of 
the hill. The known faults noted in cross sections K-K* 
and L-L* lie on the east side of the hill but do not appear 
to have displacements of 1,100 feet.



Nowhere else in the Hurricane fault zone are basalt 
flows known to be dragged" as they appear in Toquerville 
Hill. That their westward dip is not due to drag, on the 
contrary, is indicated by the fact that they lie on the 
Shinarump and Navajo strata which dip west; that those west 
dips are part of the Timpoweap monocline; that the older 
basalts at the south end of Black Ridge (displaced 1,500 
feet) are flat-lying, although they lie on west-dipping 
strata of the Toquerville anticline which has been shown 
to merge with the Timpoweap monocline; and that the Timpo
weap monocline is much older than the Airport fault. As 
interpreted here, the west-dipping basalt flow on Toquer
ville Hill is lying on either strip surfaces or erosional 
surfaces and was deposited in that attitude. Even steeper 
dips can be noted in basalt flows in the Grand Canyon 
and Uinkaret volcanic field.

The evidence suggests that the post-Neogene basalt 
faults south of Sugar Loaf Butte and at the south end of 
Black Ridge are not those exposed at Timpoweap Canyon, but 
underlie the basalts west of the Hurricane Cliffs. The scarp 
would have been formed on weak Triassic strata and readily 
undermined Navajo sandstone in the upthrown block. The 
fault scarp of the post-basalt fracture has probably been 
eroded from the segment of the fault zone between Sugar Loaf 
Butte and Black Ridge. The basalts on Toquerville Hill
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appear to be younger, probably of the same age as the other
135

basalts in the dovmthrown block, none of which have been 
noticeably tilted by Hurricane monoclinal folding between 
Hurricane and Toquerville.

i! The Black Ridge Sector
Reference to Figure 2 will show that basalts under

lie most of Ash Creek between Anderson Junction and Deadman 
Hollow. A large basalt capping lies on Black Ridge from 
Deadman Hollow south about 2g miles; this represents the 
upthrown counterparts of those in Ash Creek. Displacement 
across the Ash Creek fault at this point is about 2,000

j feet, as already noted. The important fact to be ascertained|
here is the date of faulting.

As already noted, Gardner (1941) thought the basalt
;

flows were of Quaternary age. Hamblin (19^3> P» 8?) assigns 
these basalts to his Stage II of Pliocene (?) or Pleisto- 

j cene (?) age. The reasons for this assignment will now be
studied.

I Hamblin (1963, p. 87) equates the basalt flows on
| Black Ridge with the flows at St. George and along the

Hurricane Cliffs from Toquerville Hill to the Hurricane 
Airport on the downthrown side of the fault. The basalts at

I Hurricane were deposited in such a manner that the younger 
basalts are locally lower than the older ones, as is also 
the case at St. George. Apparently, deposition of these

k JL
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flows occurred during a period of exterior drainage in 
St. George basin.

On Black Ridge and in Ash Creek Valley the flows 
are deposited one on top of the other. There is no evidence 
of deposition in canyons or channels cut through older flows. 
The evidence suggests that the flows in this sector may have 
been deposited during a period of interior drainage in St. 
George basin. Hamblin1s correlation of the basalts on this 
point appears questionable.

Furthermore, Hamblin*s criteria of classification 
are extremely variable in a fault zone. He notes that the 
Stage II lavas were “deposited on surface developed by 
earlier cycles of erosion. Ancient drainage systems demon
strated to be ancestral to that of present.“ He noted that 
the Stage I lavas were "deposited on ancient erosional sur
face which exhibits no apparent relation to present drain
age.”

Now, assuming for the moment that the Hurricane 
fault became active in the Miocene (as is currently accepted 
by all, but not by the present author), and that erosion 
proceeded to develop a valley along the fault zone, would 
not that valley be an “ancient drainage system demonstrated 
to be ancestral to that of present”? Would not such a drain
age system have been developed with faulting? Even giving 
peneplain adherents the benefit of the doubt, is there any
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good evidence that the Hurricane fault (Ash Creek fault 
and La Verkin fault) was not the locus of a drainage system 
prior to deposition of the basalts on Black Ridge and in 
Ash Creek Valley at any time in the development of the 
geomorphic cycle? Where, then, is the significance of 
Hamblin* s criteria of differentiation between Stage I and 
Stage II basalts in the Hurricane fault zone? Obviously, 
his criteria are invalid in a fault zone, precisely where 
he is applying them in this case.

The above two reasons strongly suggest that the 
Black Ridge and Ash Creek basalt flows do not belong to 
Hamblin*s Stage II flows but to his Stage I flows at least; 
they may, in fact, be older.

Eroslonal Rates in the Hurricane Fault Zone Area 
Since the days of Davis, geologists and geomorph

ologists have held the view that erosion rates have been 
sufficiently high to have produced widespread denudation 
of the Colorado Plateau since the Miocene. This view is 
still held by many (Gilluly, 1963)•

As has already been noted Sugar Loaf Butte is a 
remnant of what Hamblin believes to be a Mio-Pliocene 
basalt flow. Three miles southeast of Sugar Loaf Butte are 
Gooseberry Mesa and Little Creek Mountain, consisting of 
Shinarump conglomerate capping Moenkopi strata. Obviously, 
these represent eroslonal remnants of strata which have



been stripped from wide areas of the Ulnk&ret Plateau, This

means that since deposition of Sugar Loaf Butte lavas the 
Shinarump and Moenkopi strata have retreated only three 
miles. There is no reason to believe that the rate of reces
sion is any different from that of any other point on the 
Uinkaret Plateau. If anything, the rates should have been 
greater here because of proximity to the Hurricane fault 
zone and Hurricane Cliffs. Yet, in the same period of time 
the entire Colorado Plateau has supposedly been stripped of 
much of its supra-Kaibab cover. This appears to be highly 
Improbable.

The Parunaweap gravels which may be of mid-Pliocene 
to earliest Pleistocene age, lie only a few hundred feet 
at the maximum above the water levels in various canyons 
of the Virgin River drainage system. Apparently the amount 
of downcutting since that time has been no greater than 
260 feet (Gregory, 1950b, p. 170) in the locus of the most 
active type of erosion.

It will be shown in the next section that the rate 
of undercutting, downwearing, and backwasting of the Hurri
cane Cliffs south of cross section F-F' is also very low.

The fact that the basalts on Black Ridge remain in 
their unstable position has long been held to be evidence of 
the recency of faulting. A Quaternary age for the basalts 
supported that view. However, if the basalts are as old as
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Mio-Pliocene in age, as the present author believes, 
their preservation is evidence of the low rate of erosion 
in the area.

The analysis of Averitt* s work (1964) on the pedi
ments northeast of Kanarravi11e has also shown that those 
gravels could have existed since Mio-Pliocene time.

The youthful geomorphic form of the cinder cones 
at Hurricane has been used as evidence of their Recent age. 
This is not necessarily so. The cones are porous, rest on 
basalt flows, and lie at low levels with respect to local 
base level. They do not erode readily either by running 
water or by undercutting. Hence, the presence of a cinder 
cone does not prove a Recent age for the associated flows.

Canyon cutting by the Virgin River in the basalts 
west of the Hurricane Cliffs is not necessarily the result 
of uplift of St. George basin. It may be the result of the 
lowering of base levels in a lower stretch of the river. 
The stream meanders greatly between the Lower Narrows and 
Hurricane. It is, therefore, not an actively downcutting 
stream, but a widening stream beyond the limits of the 
basalt flows. Although it has cut through the flows at 
Hurricane, the rate of such cutting is not known and until 
it is determined it cannot be used to determine the age of 
the basalts.



140
Origin of Hurricane Cliffs between Fort Pierce Wash

and Tdquervllle
Huntington and Goldthwalt (1904, p. 247-250) review 

the evidence of "the later faulting" and apparently prove 
that the Hurricane Cliffs north of Fort Pierce Wash are true 
fault scarps (Figs. 7, 9> 11, 14, and 37).

At cross section F-F* there are two faults, the 
Main Hurricane fault and the State Line fault. As has been 
shown the State Line fault is the louderback-produclng fault.

Displacement on the State Line fault is about 3,000 
feet at this point; on the Main Hurricane fault it is about 
2,600 feet. If the basalt flows have been displaced only 
1,400 feet to 1,600 feet by the State Line fault then it 
must have been active prior to basalt outpouring.

The State Line fault diverges from the Hurricane 
Cliffs, trending south-southwesterly from them at a point 
near cross section E-E* (Fig. 2). The downthrown block 
consists of outcropping Navajo sandstone; the upthrown 
block consists of Chinle and Moenkopi strata. The fault is 
easily traced to a point less than one mile from the state 
line. At the latitude of cross section D-D* the State Line 
fault is about 1-g- miles west of the Hurricane Cliffs and 
the Main Hurricane fault. At its southern end the State Line 
fault apparently merges with the Shivwits monocline.

Briefly reviewed, the structural units of this area 
are the Ulnkaret Plateau, the Main Hurricane fault, an



interfault block, the State Line fault, and, what may be 
termed for the present purpose, the St. George block.

If the above structural interpretation is acceptable, 
then it can be shown that the geomorphic conclusions are 
considerably different from those expressed by Huntington 
and Goldthwait (1904) and Gardner (194-1).

The State Line fault does not exhibit a fault scarp. 
The interfault block consists of easily eroded Mesozoic 
shales and sandstones. But even more important, it is 
obvious that the Hurricane Cliffs themselves cannot be true 
fault scarps, as they have so long been considered to be, 
but must be resequent fault line scarps south of cross 
section F-F*.

Further, the time of faulting is shown to be not 
necessarily recent, for enough time has elapsed to permit 
erosion of the strata of the interfault block downward from 
the level of the Uinkaret Plateau to the level of St. George 
basin. Little time would have been required for this erosion 
and backwasting at the latitude of cross section F-F*, 
because the width of the interfault block is less than 
1,500 feet. But at the latitude of cross section D-D* this 
erosion must have taken a much longer time because the 
width of the interfault block there is 1% miles. Yet, in 
the time differential between erosion of the interfault 
block at cross section F-F* and at cross section D-D* there 
did not appear to be any great amount of erosion or slope



retreat of the Hurricane Cliffs at cross section F-F*. This 
can only mean that the rate of cliff recession in the climate 
prevailing in this region since the period of louderback 
development has been exceedingly low. There appears to be 
no rapid undercutting, virtually no downcutting, and no 
major backwasting of the Hurricane Cliffs. The obdurate 
Paleozoic strata withstand arid erosion far better than do 
the Mesozoic shales and sandstones which erode by undercut
ting and sheet wash. Once again, the low rate of erosion is 
noted.

From the vicinity of F-F' north to Sugar Loaf Butte 
the Hurricane Cliffs appear to be the same as those to the 
south, yet in this section of the fault zone they are prob
ably true fault scarps, although modified by erosion.

From Sugar Loaf Butte to Toquervllle the Hurricane 
Cliffs are also a resequent fault line scarp, produced on 
the Timpoweap normal fault and to a slight extent on 
similar faults to the north. The scarp of the Airport fault 
is obvious. Between Toquervllle Hill and the south end of 
Black Ridge erosion has greatly modified the fault scarp.

North of the south end of Black Ridge, and all along 
Ash Creek Valley, the Hurricane Cliffs appear to be a true 
fault scarp, again greatly modified by erosion.

Nowhere in the entire length of the major Hurricane 
Cliffs (excluding the Airport fault louderback) is there any 
evidence of the classical fault scarp features, such as
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hourglass canyons, faceted spurs, or faulted fans (although 
these are noted north of Kanarravllle). Erosion has obliter
ated all such evidence. The louderbacks and cliffs remain 
because they are more resistant; they have outlasted the 
erosion which has removed the other features. The presence 
of such features north of Kanarraville in weak rocks is 
evidence of the recency of minor movements at the north end 
of the fault; their absence in obdurate strata in the region 
examined is evidence of its greater relative stability.



CHRONOLOGY

One of the major re-interpretations offered here is
that of the chronology of the Hurricane fault development.
Three specific points of departure from established theory
are treated in the following sections:

Evolution of the Kanarra Fold in Absolute Time 
Age of Major Faulting from Anderson Junction to 

Kanarraville
Age of Main Hurricane Faulting

Evolution of the Kanarra Fold in Absolute Time
North of Cedar City the Kanarra fold plunges abrupt

ly northward in a structure described and named the Summit 
monocline by Threet (1952, p. 81; 1963* P* 111; Fig. 4A).
He considers that the Kanarra fold, which is of Laramide 
age, was subsequently "unfolded" (Threet, 1962) by the 
Summit monoclinal folding. He states (1952, p. 81): "This 
is rather clearly a case in which the plunge of a fold was 
developed by an Independent transverse warping, long after 
the fold had been produced, bevelled, and buried under 
hundreds of feet of younger rocks." (emphasis supplied)

Threet (1952, p. 28) noted the presence of over 200 
feet of gravels beneath the Claron limestones in Parowan 
Gap in the Red Hills area north of Cedar City. At another 
locality, just north of Cedar City (Section 2, T. 36 N.,
R. 11 W.) is an exposure of northwesterly-dipping Claron
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limestones overlying very steeply dipping Cretaceous sand
stones; there is no conglomerate between the limestone and 
the Cretaceous sandstone. Gregory (1950a, Plate 2) notes 
the absence of all Claron (Wasatch) strata beneath Tertiary 
volcanics near Fiddler Canyon, a few miles northeast of the 
above location. Yet, farther east the entire Claron sequence 
occurs beneath the volcanics.

Threet interpreted this sequence (although he did 
not note the Section 2 locality) to mean that the Summit 
monocline developed long after erosion had bevelled the 
Kanarra fold, implying two distinct periods of folding.
That interpretation is not followed here. The evidence is 
herein interpreted to mean that the Kanarra fold was growing 
throughout the period of fanglomerate and limestone deposi
tion, and that the axis of this fold passed near Fiddler 
Canyon. The Summit monocllnal folding was not a discrete, 
later movement, but a combination, in part of the Kanarra 
folding which was continuously developing, and in part of 
uplift of the Colorado Plateau which was contemporaneously 
developing.

The Claron Formation does not outcrop south of the 
Summit monocline in the upthrown block near the Hurricane 
fault. There is no evidence, in fact, that it actually did 
exist along the crestal part of the Kanarra welt, as 
mentioned earlier. The Claron Formation at its westernmost
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exposures on the Markagunt Plateau lies on a surface of 
considerable relief, as shown by the contacts depicted on 
Gregory*s geologic map (Gregory, 1950a, Plate 2) and also 
on the newly printed Geologic Map of Southwest Utah. Threet 
(1952, p. 3 6) noted definite evidence of a pre-Claron relief 
of 100 feet with a possible relief of up to 1,000 feet in 
the Bed Hills. There is reason to believe, therefore, that 
the Kanarra fold had begun to form fairly early in the 
Laramide.

The stratigraphic evidence supplied by Threet, Cook, 
and Gregory can be interpreted in at least two ways, there
fore, the first being that proposed by Threet and Cook, and 
the second being that proposed here, namely, that the 
Kanarra fold began to develop early in the Laramide and 
continued to develop through the period of deposition of the 
Claron conglomerate and limestone and into the period of 
volcanic activity.

Age of Major Faulting from Anderson Junction to
Kanarravllle

Huntington and Goldthwalt (1904, p. 223) considered 
the evidence of the old faulting along the Hurricane fault 
zone from Fort Pierce Wash to Kanarravllle. They believed 
that south of Fort Pierce Wash the Hurricane fault was 
primarily the result of that older - "the first faulting" - 
dislocation. North of Fort Pierce Wash the Hurricane fault
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zone manifests the older and younger faulting periods.
They did not date the fault but showed that it occurred 
during the interval between the earlier folding and the 
period of denudation which formed their Mohave peneplain.

Gardner (1941) showed that the earlier folding, 
his first disturbance, was of Laramlde age; he showed that 
the second period of disturbance was pre-latite, but of 
minor importance, and that the third disturbance was the 
greatest, producing most of the displacement, after deposi
tion of the Pine Valley Mountain volcanics.

Cook (1950, 1957) also believes that the major dis
placement occurred after emplacement of the volcanics.
His evidence and reasoning are given in their entirety 
(Cook, 1957, p. 93):

Although small-scale displacements probably 
took place in the Hurricane fault zone during the 
formation of the Tertiary volcanics, the first 
major displacement occurred later and may have 
been contemporaneous with the period of ... lac- 
colithic intrusion .... At least some of the early 
Tertiary pyroclastics spread far east of the Hurri
cane fault, for they overlie the Claron formation 
on the Markagunt Plateau northeast of the Pine 
Valley Mountains ...; no great movement could have 
occurred on the Hurricane fault prior to the 
formation of the pyroclastics, else they would 
either be missing from the upthrown block or 
resting on stratigraphically lower rocks.
(emphasis supplied)

In the Colorado Plateau strata erode by undercutting 
of resistant strata and downwearing of nonresistant strata. 
The Markagunt Plateau is capped by a highly resistant bed,
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the Wasatch limestone (Claron Formation), which erodes by 
undercutting primarily and by downwearing only slightly.
There does not appear to be any reason why the pyroelastics 
had to be deposited on stratigraphically lower rocks on 
the Markagunt Plateau.

Also, there is no evidence which indicates the source 
of the ignimbrites and pyroelastics. It has not been shown 
that the pyroclastlcs and ignimbrites did not originate in 
the Markagunt Plateau; it has not been shown that the rocks 
could not have been emplaced from the north, where the 
ignimbrites could have moved up a gentle slope at the north 
end of the Markagunt Plateau and at the same time moved 
out into the Basin Range; it has not been shown that ignlm- 
brlte flows which cover literally thousands of square 
miles could not surmount mountain sides; indeed, the 
method of emplacement of the ignimbrites is barely under
stood at all.

The statement that no great movement could have 
occurred prior to deposition of the pyroclastlcs and 
ignimbrites does not appear to be fully warranted on the 
basis of our present limited knowledge.

There is one bit of geologic evidence which strongly 
indicates that the Pine Valley Mountain laccolith was 
emplaced after a large proportion of faulting had occurred.

I
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A short distance south of the mouth of Taylor 

Creek in the Hurricane Cliffs is an abandoned uranium pros
pect, called the Epsolon Mine. The uranium minerals, includ
ing tyuyamunite and uranophane, occur in altered Kaibab 
limestone which lies adjacent to an altered mass of Pine 
Valley Mountain diorlte. There seems to be no good evidence 
indicating that this is a separate intrusion, such as a dike 
or a plug, rather than part of the main laccolith. The rock 
resembles the laccollthic diorlte and Cook does not mention 
other minor plugs or dikes of the rock.

If the diorlte is the source rock for the solutions 
which produced the alteration and perhaps the mineralization 
then it is fairly reasonable to believe that the amount of 
displacement which must have occurred before laccollthic 
intrusion parallel to the bedding of the Claron Formation 
would be equal to the stratigraphic thickness between the 
Kaibab limestone and the adjacent diorlte. About 300 feet 
of Kaibab limestone overlies the horizon of the deposit; 
the Trlassic strata are about 3>300 feet thick; and the 
Navajo sandstone is about 2,000 feet thick. Unfortunately, 
the amount of material eroded from the Navajo Formation in 
this part of the Kanarra fold is unknown. Assuming the 
presence of from 1,000 feet to 2,000 feet of Navajo strata 
and a thickness of about 500 feet of Claron Formation, the 
stratigraphic throw would equal about 5,000 feet to 6,000
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feet.To this must be added an unknown thickness of the 
diorite.

Dip slip on the Taylor Creek thrust fault is at 
least 2,000 feet at this latitude, but the stratigraphic 
throw is not known. It is assumed that in the Paleozoic 
section throw and dip slip are probably similar, hence it 
may be possible that this is the value of throw on the 
Taylor Creek thrust.

It has been shown that the Taylor Creek thrust is 
of Laramide, or pre-Laramide age. The displacement in the 
Ash Creek fault zone at Taylor Creek is pre-diorite or 
pre-early Neogene. Thus, the total pre-early Neogene dis
placement is from 5,000 feet to 8,000 feet.

To this is added the post-Neogene basalt displace
ment of perhaps 1 ,5 0 0 feet, because this displacement must 
be west of the diorite exposure at the prospect.

The total displacement may be between 6,500 feet 
and 9,500 feet. This appears to be in rather good agreement, 
perhaps more by chance than by calculation, with the post- 
Claron displacement determined for the Hurricane fault 
zone at Anderson Junction (Appendix I).

Thus, it appears that at least 75/£ of the displace
ment in the Hurricane fault zone occurred prior to the 
early Neogene, that is, in the Laramide and Paleogene.
As already noted, much of the Neogene displacement may be 
of Miocene age.
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Age of Main Hurricane Faulting

The Main Hurricane fault has been defined here as 
that fault which borders the Hurricane monocline on its 
eastern side. It appears to be a fault of major displace
ment south of Fort Pierce Wash, and is certainly a major 
fault in the sector between Fort pierce Wash and Toquerville.

The fault zone displaces Cretaceous strata at La 
Verkin, but beyond that indefinite age there is no evidence 
south of Toquerville of the age of the Main Hurricane fault. 
Post-basalt faulting in the Uinkaret volcanic field was 
reported by Dutton (1882) and Koons (19^5) but the questions 
of the ages of the basalts and of the actual proofs of 
faulting are, perhaps, matters of interpretation (Moore,
1958, p. 53-5^)• This part of the fault zone is not in
cluded in the discussion.

Between Fort Pierce Wash and Anderson Junction the 
Main Hurricane fault is exposed in but two places, so far 
as the present author is aware. Elsewhere it is covered by 
basalt and/or alluvium. The fault is obviously of great 
antiquity as Huntington and Goldthwait (1904) showed.

However, there is evidence concerning the ages of 
the Grand Wash, Cedar Pocket Canyon, and Gunlock faults 
to the west, and of the monoclines of the Colorado Plateau 
to the east. By analogy, then, one might be able to date the 
Main Hurricane fault, at least approximately.
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Longwell (19^5» P* 118) writes:
It Is a common concept that the Basin-and-Hange 

Province was deformed by one or more episodes of 
compression, with development of thrusts and folds, 
and that the normal faults record a much later and 
radically different structural history, marked by 
1 crustal relaxation and tension'. Indications that 
many of the great normal faults in the region were 
Initiated at an early date, in connection with major 
compressive deformation, call for reconsideration 
of sweeping conclusions on this subject that are 
now in print and widely accepted, (emphasis supplied)

This observation by Longwell does not seem to have 
been accepted by other workers in the region, most of whom 
apparently continue to believe in a later development of 
major "normal" faulting (for example, Hunt, 1956; Mackin, 
I960; Osmond, i9 6 0; Gilluly, 1963).

But, Longwell (1946) modified the significance of 
his statement by his interpretation that the uplift of the 
Colorado Plateau occurred in the Neogene. This viewpoint 
appears to be generally retained (Gilluly, 1963). To those 
who may have considered an early major "normal" faulting 
in their theories, Longwell1s arguments for much later 
uplift may have seemed more convincing than his argument 
for an early period of faulting. Neogene uplift of the 
Colorado Plateau has been one of the arguments for a Neogene 
dating of Hurricane faulting.

If Longwell* s argument for the age of the Colorado 
River, hence of uplift of the Colorado Plateau, is subject 
to re-interpretation, however, then his earlier conclusions 
concerning the age of Grand Wash faulting may well be
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meritorious. That is the viewpoint held here, although 
proof has not yet been presented in support of it.

The close spatial, and as interpreted here, temporal 
and genetic relationship between thrusts of Laramide age 
(Wilson, 1 9 6 2, p. 6 5) and the Cedar Pocket Canyon fault 
implies a Laramide or Paleogene age for the northern 
continuation of the Grand Wash fault. As already noted, 
the Gunlock fault also may have been initiated in the 
Laramide.

Finally, the Hurricane fault zone is sub-parallel 
to the monoclines of the Colorado Plateau farther east, 
which Babenroth and Strahler (19^5) showed to be of Lara
mide age. Kelley (1955, p. 32, Fig. 7) depicted a number of 
theoretical monocline! types, the last example of which is 
remarkably similar to the Hurricane fault and Hurricane 
monocline configuration, as here interpreted. He believed 
that these structures resulted from horizontally transmitted 
compression (Kelley, 1955, p. 69 et seq.).

By inference, then, it may be concluded that the 
Main Hurricane fault and the Hurricane monocline may be 
of Laramide age. This interpretation is followed here.



KINEMATICS

In this discussion of kinematics it will be of 
value to show the structural and temporal similarities 
between the Hurricane and Cedar Pocket Canyon-Shebit-Gunlock 
fault systems; the structural homologues found are most 
illustrative of the processes involved. Following this, 
the Black Ridge and Kanarra folds and the Toquerville and 
Timpoweap folds are analyzed. Finally, a synthesis is 
presented as a theory of kinematics for the Hurricane fault 
zone from Fort Pierce Wash to Kanarraville.

Structural Homologues in the Hurricane and Cedar 
Pocket Canyon-Shebit-Gunlock Fault Systems
A number of similarities between the Hurricane and 

Cedar Pocket Canyon-Shebit-Gunlo ck fault systems have prob
ably become apparent in the previous descriptions. These 
structural similarities are considered to be homologues not 
only because of their geometric similarities, but also be
cause of their probably similar structural functions. Some 
of the homologues are obvious, others are more obscure.

The most obvious, and major homologues include:
Reverse drag on the downthrown block 
Vertical to steep east dip of the fault surfaces 
Westward dipping normal faults in the upthrown block 
Westward dipping monoclines in the upthrown block 
Regional parallelism
Asymptotic relationship with the Las Vegas line
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Other homologu.es which are not as obvious as the

above include the following, which will be briefly described;
Evidence of compression in the fault zones 
Decollement structures 
Gravity structures 
Opposed couples
Evidence of compression in the two fault systems, 

exclusive of the Kanarra fold, and the Shebit and Virgin 
thrust faults, includes the following: thrust faults at 
Toquerville Hill (K-K* and L-L*, Figs. 2 and 3); folds in 
basalt in Ash Creek (Cook, 1957> P» 25, Fig. 10); north
trending folds between the State Line and Main Hurricane 
faults at the latitude of cross section D-D* (Fig. 2); and 
numerous minor thrusts and reverse faults, not only in the 
Black Ridge and Kanarra fold sectors, but also south of 
Hurricane, in the Hurricane Cliffs. There are also folds 
in the Carmel Formation and Chinle and Shinarump strata 
adjacent to the Gunlock fault (L-L', K-K', N-N*, and 0-0', 
Figs. 31, 3 5, and 3 6); folds in the Kaibab Formation adjacent 
to the Cedar Pocket Canyon fault (A-A*, Figs. 31 and 32); 
strike-slip movements in the complicated mosaic of Kaibab 
limestone blocks of the downthrown side along the Cedar 
Pocket Canyon fault between cross sections B-B* and C-C*
(Fig. 31); and numerous small thrust and reverse faults all 
along the Cedar Pocket Canyon and Gunlock faults.

Evidence of decollement structures in the fault zones 
is primarily limited to the Shebit thrust, the Currant Creek
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duplication of the Springdale sandstone member (Fig. 25)» 
and duplication of the Shinarump conglomerate at cross 
section F-F* in the Hurricane fault (Figs. 2 and 3)i 
although the folds along the Gunlock fault (cross sections 
M-M* and N-N1) may be considered as additional to the 
Shebit thrust. Perhaps the fold in the Kaibab limestone 
at cross section A-A' in the Cedar Pocket Canyon fault is 
also such a structure.

Gravity gliding structures seem to include only the 
Shebit thrust and the Currant Creek structure, although 
the folds in Spring Creek (Fig. 2?) and Taylor Creek (Fig. 
23b) may be so interpreted.

Opposed couples are here considered to consist of 
evidence of rotation in one sense by one set of structures 
as compared to other spatially associated structures rotated 
in the opposite sense. For example, looking north, the Shebit 
thrust fault is a clockwise couple, whereas the spatially 
associated Gunlock and Cedar Pocket Canyon faults are 
counterclockwise couples. Other such examples include the 
drag folds in the base of the Kaibab limestone at the mouth 
of Spring Creek; the folds in Taylor Creek; the Currant 
Creek structure; and the various small thrusts of the down- 
thrown block along the Gunlock fault.

Perhaps it is not fortuitous that the principal 
examples of decollement, gravity sliding, and opposed couples



are the Shebit thrust and the Currant Creek structure. Seem
ingly, the simplest explanation for these features is grav
ity sliding off of a rising dome or fold. The Shebit thrust 
slid off of the Beaver Dam Mountains, apparently during 
Cedar Pocket Canyon faulting. The Currant Creek structure 
formed during the uplift of the Black Ridge anticline, per
haps during La Verkin reverse faulting. If this interpreta
tion is reasonable, then it might also be interpreted that 
the evidence of opposed couples in Spring Creek and Taylor 
Creek indicates sliding or rumpling of strata on the east 
side of the rising Kanarra fold. This explanation does not 
seem to apply to the folds along the Gunlock fault, unless 
they developed early in the sequence.

Salients in the Hurricane Fault Zone
There are four main salients in the Hurricane fault 

zone in the area examined. These are the Port Pierce Wash 
salient (A-A*), Sugar Loaf Butte salient (G-G*), Anderson 
Junction salient (M-M*, N-N*, 0-0', and P-P'), and the 
Kanarravllle salient (Z-Z*).

These four salients have one thing in common: they 
all exhibit sharply folded strata in the upthrown block.
Only in the Kanarravllle salient do the strata arch up from 
the Hurricane Cliffs; in the other three salients the strata 
of the upthrown block arch down rather sharply toward the 
downthrown block.

157



158
At the Kanarravllle salient is a right-lateral, 

strike-slip fault, the Murie Creek fault (Averitt, 1962,
PI. 1), on which the south side is down.

At the Anderson Junction salient there are horizon
tal slickensides parallel to the strike of the Timpoweap 
monocline at the southern end of Black Ridge. The south 
side is down on the Ash Creek fault which parallels the 
southern end of the Black Ridge anticline and the strike 
of the Timpoweap monocline.

The causes of the salients in the fault zone are 
not known. The salients seem to reflect a change in the 
strike of the fault zone, but why that should change strike 
is not known. The Fort Pierce Wash salient is spatially 
associated with the Shivwits monocline. The Sugar Loaf 
Butte salient forms the southern end of the Timpoweap 
monocline, but its function appears completely different 
from that of the Fort Pierce Wash salient with respect to 
the Shivwits monocline. The Anderson Junction salient forms 
where the Virgin fault-fold lineament joins the Hurricane 
fault zone. The Kanarravllle salient seems to form at what 
may be an intersection with an arcuate, complex fracture 
zone which joins it from the southwest (Geologic Map of 
Southwestern Utah, 1963); perhaps deep-seated Intersections 
are important here.
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The functions of the two strike-slip zones at the 

Kanarraville and Anderson Junction salients are rather simi
lar in appearance to those of the tear faults which bound 
the Pine Mountain thrust fault in eastern Kentucky and 
Tennessee. The east-dipping Taylor Creek thrust and La 
Verkin reverse faults would appear to be analogous to the 
Pine Mountain thrust, in part, in this interpretation.

The sharp folding of the strata of the upthrown 
block at these salients may be the result of a concentration 
of stress at these points, much like the concentration of 
wave action on a coastal headland.

Kinematics of the Black Ridge and Kanarra Folds
The analogy of the Black Ridge and Kanarra folds 

between Anderson Junction and Kanarraville with the Pine 
Mountain thrust may be carried further. This section of the 
fault appears to jut out somewhat from the rest of it. A 
line can be drawn from Cedar City to Sugar Loaf Butte which 
will include the fault zone from Cedar City to Murie Creek 
and from the southern end of the Toquerville anticline to 
Sugar Loaf Butte. The Anderson Junction-Kanarraville segment 
of the fault zone lies west of that Cedar City-Sugar Loaf 
Butte line, just as does the Pine Mountain thrust lie west 
of the general thrust belt of the Appalachians. At both 
ends of this segment of the fault the strata are more 
strongly deformed than in the rest of the belt.



If the analogy with the Pine Mountain thrust may be 
carried further it might be considered that the Kanarra fold 
and Black Ridge anticline were the products of horizontal 
movement, or at least of horizontal components of some 
movement. If the evidence of opposed couples is interpreted 
correctly, the movement of the Black Ridge and Kanarra folds 
also resulted in upward movement typical of dlapiric 
structures.

Considering now the La Verkin-Taylor Creek fault 
system to be continuous (which has not been proven), and 
considering that a large fault extends along the locus of 
the Hurricane Cliffs from the southern end of Black Ridge 
at least as far north as Kanarravllle, the possible config
urations of fault surfaces which might result in vertical 
tectonics as a result of horizontal movement may now be 
analyzed. The Interpretation offered here, although probably 
not unique, seems to fit the facts. The assumption is made 
that the Ash Creek fault zone dips east as a reverse fault. 
The east-dipping reverse fault at the mouth of Camp Creek 
(cross section X-X*) and Cook*s evidence of compression even 
in the latest period of deformation agree with this view.

The southern end of the Ash Creek fault zone, just 
east and northeast of Anderson Junction, makes a series of 
almost right-angled jogs, each southern continuation of the 
southerly trend being jogged farther east, thereby forming
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a series of steps. As interpreted here, these Jogs result 
from the crossing of the westward-dipping strata by an 
east-dipping fault which breaks across the fold in a series 
of discrete fractures. As interpreted here, a west-dipping 
fault might tend to follow the west-dipping beds around the 
end of Black Ridge. This may account for the fact that the 
Black Ridge anticline is cut near its axis east of Anderson 
Junction but along its flank at Pintura. Perhaps at a higher 
structural level the entire fold did exist east of Anderson 
Junction, but all evidence has been removed by erosion.

The Kanarra fold south of Camp Creek and the Black 
Ridge anticline in the Deadman Hollow sector are not as 
tightly folded perhaps because these places are farther 
from the ends of the fold belt where the horizontal move
ments seem to have been hampered more by end friction. The 
Toquerville anticline, folded at an angle to the Black 
Ridge anticline, may have acted as a buttress against the 
southern end of the Black Ridge anticline, thereby causing 
it to fold more sharply near this Junction than farther 
north. Again, analogous to the Appalachian Pine Mountain 
thrust fault, drag on the ends of the Anderson Junction- 
Kanarraville segment of the zone may have resulted in 
concentration of stresses at these ends which produced 
greater strain (folding), Just as would Jamming a cake of 
viet clay through a too-small opening produce end folds.



162
The overturning of the strata at Kanarravl11e may 

have resulted from intersection of two lineaments. The over
turning is severest at the point of maximum curvature of the 
strike of the fault zone. Had the strata been horizontal then 
the folding might have been downward, as at the Fort Pierce 
Wash salient. But the strata had already been tilted because 
of the Taylor Creek thrusting, hence, with continued stress 
the strata were tilted more steeply, forming a tight fold. 
Ultimately, along the overturned, westwardly-inclined surface 
thus formed, overthrusting may have formed pari passu with 
Ash Creek reverse faulting, part of the upper strata in the 
western block riding over the eastern, part being forced 
downward on the Ash Creek fault. Whether thrusting caused 
overturning or overturning resulted in thrusting is not 
easily determined. It may be that the block of Navajo 
sandstone in the South Hills is a remnant of such a thrust.

It has already been shown that: 1. the Kanarra fold 
began to form early in the Laramlde, and continued to form 
until the early Neogene; 2, the Ash Creek fault displace
ment was greatest prior to emplacement of the diorite;
3. the Taylor Creek thrust fault is of Laramlde age; 
h. geometry suggests development of the La Verkin reverse 
fault and Black Ridge anticline contemporaneously.

In summary, then, apparently the Black Ridge anti
cline and Kanarra fold may have formed continuously in the



163
Laramide as the result of reverse or thrust faulting on 
their eastern flanks. Following a period of folding during 
which the flanks of the folds were forced together near 
their ends, bedding plane slippage may have developed on 
several decollement surfaces parallel to steeply east-dipping 
strata at depth, emerging as steeper, cross-cutting fractures 
resulting in the Ash Creek fault. Caught between the La 
Verkin reverse fault and the Ash Creek fault, the Black 
Ridge anticline was squeezed higher and tighter, perhaps 
in a manner somewhat similar to that observed at cross 
section A-A1 on the Cedar Pocket Canyon fault (Figs. 31 and 
32). In essence, it was squeezed tighter and forced upward 
much like a watermelon seed held between two fingers.

Displacement on the Taylor Creek fault apparently 
had all but ceased prior to the overturning at Kanarraville. 
It continued on the Ash Creek fault, first at an increasing 
rate as this fracture first accepted proportionately more 
of the total displacement, but then with a decreasing rate 
as the rate of Hurricane fault zone displacement decreased.

Kinematics of the Toquervllle Anticline 
and Tlmpoweao Monocline

The Sugar Loaf Butte and Anderson Junction salients 
indicate that as faulting generally developed folding 
locally occurred. With increasing general displacement, these 
salients may have been stressed beyond their strength to
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resist fracturing, and folding was no longer able to 
accommodate the shearing stress. In other words, these 
salients folded while the rest of the fault zone was already 
fracturing. This suggests that at the salients the greater 
concentrated stresses which increased the strength and 
resistance of the beds to faulting was compressional, not 
tensional.

The Tlmpoweap monocline probably fqrmed as the 
result of Toquervllle folding at its northern end and 
Sugar Loaf Butte folding at its southern end. But, because 
the stresses normal to the Hurricane fault surface between 
these salients may not have been as great as at the ends, 
there was less tendency to fold between them and faulting 
immediately followed the incipient monoclinal folding.
Perhaps folding followed by faulting proceeded southward 
from the Toquervllle anticline and northward from the Sugar 
Loaf Butte quadrant fold in a discontinuous, en echelon 
manner, with tilted interfault slivers. For simplicity the 
zone is called the Tlmpoweap fault zone north of Tlmpoweap 
Canyon, and the westerly-dipping mass is called the 
Tlmpoweap monocline.

Following inception of Tlmpoweap faulting, the 
Tlmpoweap monocline block separated from the eastern 
(Ulnkaret Plateau) block, as well as from the Hurricane 
monocline. With continued dropping of the Hurricane monocline
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the Tlmpoweap monocline was rotated to the west. Thus is 
explained the steep dips of the Triassic strata for such a 
large distance outward from the Tlmpoweap fault. This 
appears not to have resulted from simple drag but from 
squeezing in an Interfault slice. There is a similarity 
between this structure and the Black Ridge anticline 
according to this interpretation.

The salient at Fort Pierce Wash may be similar to 
that at Sugar Loaf Butte. Along the northeasterly-trending 
segment of the Hurricane Cliffs between cross sections A-A* 
and C-C the downthrown block adjacent to the cliffs 
appears to represent a structure which is similar to the 
Tlmpoweap monocline; this is the Rock Creek monocline.
It is not as well exposed as is the Tlmpoweap monocline, 
hence this interpretation is rather subjective. But, if 
this view is valid, then the Fort Pierce Wash salient 
may have the same function with respect to the Rock Creek 
monocline as the Sugar Loaf Butte fold (salient) has with 
respect to the Tlmpoweap monocline. The Rock Creek mono
cline eastern boundary fault (shown in cross sections B-B* 
and C-C, Figs. 2 and 3) may have formed as a hinge fault, 
starting at the Fort Pierce Wash salient. Displacement may 
be greatest near that point, diminishing to minimal values 
between C-C* and the southern end of the Navajo block at D-D* 
(Figs. 2 and 3)• Perhaps a cross fault separates the two 
blocks.
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Geometry and Kinematics of the Hurricane Fault Zone
Although not proven, it is interpreted here that 

the Taylor Creek thrust and the La Verkin reverse fault 
are fundamentally one fault. The Main Hurricane fault is 
considered to be the eastern boundary of the Hurricane 
monocline; in the two places where it has been observed 
it dips east as a reverse fault. The Taylor Creek thrust 
has been shown to be of Laramlde age; by analogy the Main 
Hurricane fault is probably of Laramlde age; the La Verkin 
reverse fault is also probably of Laramlde to Paleogene 
age.

Accordingly, the interpretation is now offered that 
the Main Hurricane fault, La Verkin reverse fault, and the 
Taylor Creek fault are all segments of one principal fault, 
termed here the Older Hurricane fault zone.

The State Line fault locally exhibits displacement 
greater than that of the Main Hurricane fault; it is a 
younger fault. The Ash Creek fault zone is a locus of 
displacement greater than that on the La Verkin-Taylor 
Creek fault; it is also younger. The Interpretation offered 
is that these constitute parts of what is now called the 
Younger Hurricane fault zone.

The Older Hurricane fault zone follows the base of 
the Hurricane Cliffs essentially from AA-AA* to A-A' , but 
northward from there to C-C* the Bock Creek monocline lies
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at the base of the cliffs, and the older fault zone lies 
between the Rock Creek monocline and the Hurricane mono
cline, which is not observable at this point. The Older 
Hurricane fault merges with the base of the cliffs at the 
south end of the Navajo sandstone block between C-C and 
D-D' and continues northward to Sugar Loaf Butte with minor 
slices in the fault zone. Figure 38h shows a schematic view 
of the present configuration between the latitude of D-D* 
and a point between F-F* and G-G*.

From Sugar Loaf Butte northward the older fault lies 
buried by Neogene basalts as far as the latitude of Anderson 
Junction where it emerges in the Hurricane Cliffs. The 
Timpoweap and Airport faults follow with parallel strike, 
intersecting the Main Hurricane fault at depth. Figure 39h 
is a schematic view of the present configuration between 
H-H* and I-I*.

Northward from the latitude of Anderson Junction the 
Older Hurricane fault zone continues along the east side of 
Black Ridge (Fig. 40) and the east flank of the Kanarra 
fold as far north as Kanarra Creek, north of which it seems 
to continue toward Cedar City as indicated on Gardner* s map 
(Fig. 2).

The Younger Hurricane fault zone apparently gains 
in displacement northward from its point of emergence from 
the Shivwits monocline. It joins the Older Hurricane fault



Figure 38

a
Undeformed plane surface representing the upper surface 
of the Kaihab Formation. South end (left) represents 
cross section'D-D*; north end (right) represents a 
cross section, extended farther west, a short distance 
north of cross section F-F*.

b
The Older Hurricane fault (Main Hurricane fault) and 
Hurricane monocline begin to form. Mote that dip slip 
exceeds shift.

c
As above. Note that the dip slip/shift ratio is in
creasing. The width of the Hurricane monocline is 
increasing with displacement on the Older Hurricane 
fault.

d
As above. The Younger Hurricane fault (State Line fault) 
is forming as a hinge fault not far north of F-F'.

e
As above. Older Hurricane fault displacement lags
behind Younger Hurricane fault displacement at the north
end.

f
As above. The Hurricane monocline trace dips south on 
the Older Hurricane fault. Total shift is uniform.

. . . .  ................... « .........
As above. Displacement has ceased on the older fault.

h
As above. Present configuration. Louderbacking south of 
Hurricane occurred between "g" and "h" on the Younger 
Hurricane fault.
Kinematics of the'Hurricane Fault Zone in the Interval 

between Cross Sections D-D* and F-F1" ~
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Figure 39
a

Undeformed plane surface representing the upper surface 
of the Kaibab Formation. South end (left) represents 
cross section H-H*; north end (right) represents cross 
section J-J*.

............b ...
Older Hurricane fault and Hurricane monocline begin to 
form. Compare with Fig. 38.

c
As above. Timpoweap hinge fault developing.

d
As above. Timpoweap faulting completed, and Timpoweap 
monocline forming. Note increasing westward dip.

e
As above.

f
As above.

g
As above. Note steepness of dip in Timpoweap monocline.

h
As above. Present configuration. Airport faulting may- 
have followed a zone of weakness in the Timpoweap 
monocline, perhaps the Petrified Forest member of the 
Chinle Formation. The Older and Younger Hurricane faults 
are together in this segment of the fault zone.

Kinematics of the Hurricane Fault Zone in the Sugar Low-r 
Butte-Tlnrpoweap Canyon Interval S "*
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Figure 40
a

Undeformed plane surface representing the upper surface 
of the Kaibab Formation. South end (left) represents 
cross section K-K’, approximately; north end (right) 
represents cross section R-B*.

Older Hurricane fault (La Verkin reverse fault) and 
Hurricane monocline begin to form.

As above. The Black Ridge anticline begins to form.
d

As above. Toquerville anticline begins to form.
e

As above
f

As above. Black Ridge anticline steep on west flank.
S

As above. Ash Creek fault forms at sharp bend on west 
flank of Black Ridge anticline. Timpoweap fault begins to form on Toquerville anticline.

h
As above. Present configuration. BRA - Black Ridge 
anticline. LVF - La Verkin reverse fault. ACF - Ash 
Creek fault. TA - Toquerville anticline

Kinematics of the Hurricane Fault Zone in the 
Southern End of the Black Ridge Anticline
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zone near F-F* (Fig. 38). The displacement on the combined 
Older and Younger Hurricane fault zones seems to increase 
to a maximum at La Verkin in this section of the fault 
zone. The two faults continue northward apparently as one 
structure to the latitude of Anderson Junction where the 
Younger fault zone continues around the southern end of 
Black Ridge (Fig. 40) and extends northward along its 
western edge. It continues as far north as Kanarravllle 
north of which it seems to splay out into a series of 
lesser faults.

There seems to be no evidence indicating the dip of 
the younger fault. Evidence along its course indicates 
compression and east-dipping faults; the dip is assumed to 
be toward the east in this interpretation.

Accordingly, the Older and Younger Hurricane fault 
zones merge at depth (Fig. 4-1). Their divergence along 
strike south of Sugar Loaf Butte is a feature of the cover, 
but the two zones probably merge at depth. That depth 
decreases northward and the merged zones reach the sub
basalt surface near F-F*. The two zones diverge at the 
sub-basalt surface east of Anderson Junction, but probably 
remain together at depth.

The Black Ridge anticline is probably a cover 
structure, a decollement fold scraped back from the down- 
thrown block during Older Hurricane faulting. As the Black
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Figure 4l
Explanation

Tc Claron Formation Paleo - undifferentiated
K —Cretaceous strata Paleozoic strata'
Jn —Navajo Formation Pre-C - Precambrian base
Trc —Chinle Formation ment complex
Trs —Shinarump conglomerate BRA - Black Ridge anti
Tim —Hoenkopi Formation cline
Pk Kaibab Formation LVF - La Verkin reverse
Ps —Supai Formation fault
Pc - Pakoon and Callville PA - Pintura anticlineFormations

a
The normal stratigraphic sequence is cut by the La 
Verkin reverse fault.

b
The Black Ridge decollement anticline begins to fornu 
Erosion strips material from the Kanarra fold "welt".

c
The Black Ridge anticline becomes tightly folded. 
Structures in the supra-Kaibab strata are not shown. 
Perhaps complex thrusts developed; perhaps only a 
simple fold.

d
Interpretation of present configuration of the Black 
Ridge anticline, Ash Creek fault, and La Verkin reverse 
fault east of Pihtura, approximately at cross section 
R-R*. See Fig. 40h for comparison.

Kinematics of Black Ridge Anticline. La Verkin Rev^rsf- 
Fault, and Ash Creek Fault at Pintura “—
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Pk

Figure 41 a Figure 41 b

Figure 4 l C Figure 41d
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Figure 42
a

Undeformed plane surface representing the upper surface 
of the Kaihab Formation. South end (left) represents 
cross section R-R*; north end (right) represents cross 
section T-T'.

b.............
The Older Hurricane fault (La Verkin reverse fault and 
Taylor Creek thrust fault), Black Ridge anticline, and 
Kanarra fold begin to form.

c
As above. Ash Creek faulting north of Deadman Hollow 
begins to develop.

d
As above.

e
The Black Ridge anticline and Kanarra fold continue 
to develop, but now become differentiable on the 
basis of the degree of folding.

f
As above. Note steepening of Black Ridge anticline.

S
As above. Nest flank of Black Ridge anticline is 
now faulted. Dlorite intrusion between "f" and "g".

h
As above. Present configuration. Ash Creek louderbacking 
developed between "g" and "h".

Kinematics of the Hurricane Fault Zone in the 
Interval between Cross Sections R-R* and T-T*
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Figure 43
a

Undeformed plane surface representing the upper surface 
of the Kaihab Formation. South end (left) represents 
cross section X-X*; north end (right) represents cross 
section Z-Zf.

b
The Older Hurricane fault (Taylor Creek thrust fault) 
and the Kanarra fold begin to form.

c
The Younger Hurricane fault (Ash Creek fault) begins to 
form. Note that the Kanarra fold is rising.

d
As above. Note the dip of the western block. This may 
be considered as part of the Hurricane monocline.

e
As above. Note incipient upturning of strata near 
Kanarravilie.

f
As above. Note overturning of Kaibab Formation at 
Kanarraville.

SI

s
As above.

h
As above. Present configuration. The lapse of time from 
"6" to "h" may represent all of the Neogene, and perhaps part of the late Paleogene.

Kinematics of the Hurricane Fault Zone in the 
Camp Creek-Kanarra Creek Interval “
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Ridge anticline and the Kanarra fold, both of which are 
essentially the same structure (Fig. 42) were further devel
oped by decollement folding and monocline! folding associated 
with Older Hurricane faulting the fold achieved a tight 
configuration which resisted further folding, and slippage 
occurred at depth which resulted in the Younger Hurricane 
faulting. This did not happen at a given time but developed 
over a long period, faulting decreasing on the Older Hurricane 
fault zone as folding tightened, and faulting commencing 
on the Younger Hurricane fault zone in reverse relationship 
to the decreasing displacement on the older. At depth, 
however, faulting may have been confined to one zone, dis
placement on which was continuous in time.

While the Black Ridge-Kanarra fold was thus being 
formed it rose diapirically as a result of the squeezing 
produced between the two fault zones. Tighter folding was 
produced at the two ends of the fold zone, the salients at 
Anderson Junction and Kanarraville.

Emergence of competent strata at the Kanarraville 
salient produced overturning of the strata and thrusting at 
the surface (Fig. 43)• During this period, the Taylor Creek 
thrust itself was overturned, apparently inactive as the 
major displacement shifted to the Younger Hurricane fault.

Following a period of continuous faulting and lesser 
folding in which no less than 75^ of the total displacement



176
in the Hurricane fault zone occurred, late Oligocene pyro- 
clastics and ignimbrites were emplaced and early Miocene 
intrusives were injected beneath them. As faulting continued 
through the Neogene, basalt flows were deposited at different 
times, producing varying amounts of louderback displacement, 
the younger flows being displaced less.

There appears to have been major folding, thrusting, 
and reverse faulting early in the development of the Hurri
cane fault zone, but rate of displacement and intensity of 
folding appear to have diminished with time after the 
Paleogene.

According to this interpretation, the entire devel
opment of the Hurricane fault zone has resulted from one 
general erogenic phase, not from an orogenic phase and a 
post-orogenic phase. The present activity along the 
Hurricane fault represents the coda to a macroseism which 
began in the late Cretaceous, culminated in the Laramlde 
and early Paleogene, diminished in the early Neogene, and 
is attenuating to quietude at the present. We live in the 
dusk of the Laramlde.

The extent to which this present interpretation 
differs from that propounded by Mackin, Cook, Threet, and 
others is shown by comparing the above statement with the 
following (Threet, 1 9 6 3* p. 110):

I
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After the /Kanarra/ fold had been bevelled 

and covered discordantly by several thousand 
feet of Paleogene sediments and "acidic volcanlcs", 
it was broken approximately along its crest by 
the Neogene Hurricane fault, between Anderson 
Junction and Kanarravllle. Gardner (1941) evidently 
regarded the Kanarra fold as the "first stage" 
in the development of the Hurricane fault, but 
Mackin (i9 6 0) has emphasized that the Hurricane 
fault activity must be regarded as post-orogenic 
in character. Furthermore, Cook (1957) has inter
preted the "Pine Valley latlte" essentially as an 
enormous sill emplaced in Neogene time, rather than 
as a Paleogene lava flow immediately succeeding the 
Claron Formation, thus invalidating Gardner's 
"second stage" in development of the Hurricane 
fault. For a clear understanding of the structural 
development of the Colorado Plateau margin, it is . 
essential that the concept of a fundamental relation
ship between the Kanarra fold and the Hurricane 
fault be abandoned, (emphasis supplied)

Geometry and Kinematics of the Cedar Pocket Canyon-Sheblt-
Gunlock Fault System

The continuation northward of the Grand Wash fault 
appears to be the Cedar Pocket Canyon fault. Therefore, any 
interpretation applicable to one should apply to the other.

The Cedar Pocket Canyon fault appears to be co
extensive with the Shebit thrust from the known northern end 
of the former south to the state border (Figs. 28b through 
29c). The pieces of Kalbab limestone in the fault zone are 
herein Interpreted to be parts of the Shebit thrust fault.
The broken blocks of Kalbab limestone in the western fault 
block are considered to be the northern end of the Virgin 
thrust, the northern end of which seems to merge with the 
Cedar Pocket Canyon fault. Thus, the Shebit and Virgin thrust
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faults merge with the Cedar Pocket Canyon fault zone, 
although the Shebit thrust Is not the extension of the 
Virgin thrust, by any means. Although the Shebit thrust 
seems to be a decollement, gravity thrust, this interpreta
tion does not seem to apply to the Virgin thrust. The geo
metric association of the three faults implies a genetic and 
temporal association among them.

According to this interpretation, the Cedar Pocket 
Canyon reverse fault formed concomitantly with uplift of 
the Beaver Dam Mountains. Whether they were uplifted as the 
result of positive isostatic forces or by squeezing analo
gous to that hypothesized for the Black Ridge fold has not 
been determined, but the similarity of structure at a position 
homologous to that observed in the Hurricane fault zone is 
suggestive of a similar genetic development, different only 
in degree, not in kind.

With uplift of the Beaver Dam Mountains there 
appears to have been decollement gliding of part of the 
cover, manifest now by the Shebit thrust. There was also very 
definitely eastward-directed thrusting in the southern, 
western, and northern Beaver Dam Mountains, and along the 
eastern side of Beaver Dam Wash several miles north of the 
Beaver Dam Mountains. The entire kinematic picture is one of 
eastward transport with uplift, yet with dropping on the 
eastern side of the range, accompanied there by decollement,
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gliding tectonics. The similarity of this structure with 
that observed at Black Ridge and Currant Creek seems to be 
more than fortuitous.

Beneath the Shebit thrust fault the Cedar Pocket 
Canyon fault is hidden north of G-G*; interpretations are 
not well supported by much evidence, but it is of interest 
to speculate that perhaps the Cedar Pocket Canyon fault might 
continue farther north beneath the Shebit thrust , manifest
ing itself at the present surface by the eastward dip of the 
western flank of the Shebit syncline, which might correspond 
to the eastward dip of the western fault block farther south. 
The complications of the fault zone appear to be hidden to 
the east of the syncline because of the Shebit thrust.

The Gunlock fault parallels the Shebit thrust, in 
strike, for several miles, and both faults bound the Shebit 
anticline. The Shebit anticline apparently formed as the 
result of compression associated with these two faults, yet 
if the Shebit thrust is a decollement, gliding thrust, it is 
difficult to believe that the Shebit anticline resulted from 
such a superficial movement. One might consider more probable 
the precedence of the Shebit anticline; perhaps they both 
developed together.

Possibly, the Cedar Pocket Canyon fault may have 
extended farther north, its surface manifestation being the 
Shebit syncline in part. There may then have been a partial 
overlap in strike between the Cedar Pocket Canyon and Gunlock



180
faults. Possibly the two faults are cover phenomena of a 
single fault at depth. The Shebit anticline may have formed 
as a fold between them. The complexities of the fault zone 
near Gunlock may represent the splaying out of the northern 
end of the Grand Wash fault just as the complexities of the 
Hurricane fault north of Kanarravile may represent the 
termination of that zone. Again, the spatial relationships 
with the uplifted zones are noteworthy.

The intersection of the Grand Wash fault zone with 
the Las Vegas line has, perhaps, resulted in the uplift of 
the Beaver Dam Mountains, just as has the intersection of 
the Hurricane fault zone with that line, manifest by the 
Virgin fault-fold lineament, resulted in the formation of 
the Black Hidge-Kanarra fold uplift.

Whereas the Virgin Range has been uplifted on its 
eastern side, the Beaver Dam Mountains have been depressed 
on their eastern side. The Virgin Mountains seem to represent 
a thrust mass. The Beaver Dam Mountains, being essentially 
the northward continuation of the Virgin Range, seem also to 
represent a thrust mass. The main difference between the two 
is that the Beaver Dam Mountains formed along the western, 
downdropped block of the Grand Wash-Cedar Pocket Canyon 
fault zone. The complications of this juncture are a mani
festation of the joining of two different lineaments, yet 
the similarities indicate their contemporaneity.
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The Las Vegas-Wasatch line may be the result of the 

intersection and interaction of such deep-seated reverse 
faults as the Grand Wash and Hurricane faults and the thick
ened shelf zone strata of the geosyncline where the rocks 
were peculiarly disposed to such thrusts because of widely 
varying competencies and thicknesses. In this interpretation 
the thrusts are less significant than the northerly-trending 
reverse fault zones.

The Grand Wash fault at the Colorado River exhibits 
features similar to those of the Hurricane fault zone. The 
slight retreat of the Grand Wash Cliffs eastward from the 
Grand Wash fault is analogous to the slight retreat eastward 
of the Hurricane Cliffs south of Sugar Loaf Butte from the 
Main Hurricane fault. The Tassai fault, west of the Grand 
Wash fault, is analogous to the State Line fault. Its 
deformation of Mlo-Pliocene sediments indicates compression 
similar to the development of the folds formed between the 
Main Hurricane fault and the State Line fault near the 
state border.



KINETICS

In this section an attempt will be made to determine 
the cause of the structures previously described; that is, 
to try to determine the overall force field in which these 
structures developed.

The Vertical Forces Involved
There is no doubt about the differential uplift 

observed between the Basin Range Province and the Colorado 
Plateau Province. However, there does appear to be decided 
difference of opinion about the relative direction of move
ments involved. Thus, Wilson (1962, p. 64) states:

As pointed out by Suess ... and by Butler ... 
and exemplified in Cross-Sections No. 2, 5> and 6, 
the Precambrian rocks rise some thousands of feet 
higher in the Mountain Region than in the adjoining 
Transition Zone and Plateau .... It appears that 
Laramide folding and faulting effected greater up
lift in the Mountain Region than in the Desert 
Region.

Moore (1958, p. i) notes:
Consistent with observations made in other 

areas is the fact that the Colorado Plateau Prov
ince is structurally higher than the adjoining 
Basin-and-Range Province.

Moore (1958, p. 60) also notes that the Virgin 
Mountains are structurally over 2 3 ,0 0 0 feet "above the 
surrounding area".
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On the contrary, the low elevation of the Cretaceous 
deposits In southern Clark County, Nevada; the eastward 
increase in elevation of those Cretaceous strata across 
the eastern Basin Range, through the Transition Zone and into 
the Colorado Plateau; the low elevation of the Triassic and 
Jurassic strata of the autocthons in the Spring, Muddy, and 
Virgin Mountains; and the existence of Paleozoic strata 
thousands of feet below sea level in Las Vegas Valley, all 
indicate extremely strongly that the Basin Range Province is 
lower, as a whole, structurally than the southwestern Colora
do Plateau (Bowyer, et al, 1958). Mountain masses are higher, 
but it has not been proven that they did not rise to their 
present position by individual thrust faulting or domal 
uplift; greater regional uplift of the Basin Range does not 
seem reasonable in the face of the evidence cited above. 
Wilson and Moore's arguments may have considerable merit, 
but the evidence shown seems convincing for the region 
under study.

The date of Colorado Plateau uplift has already 
been discussed; in the interpretation herein offered it is 
considered to have occurred throughout the Cenozolc, but is 
believed to have begun in the Laramide and to have achieved 
its greatest value in the Paleogene. The rates of the uplift 
have not been determined, however.
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With uplift of the Colorado Plateau, the distance 
between its center of mass and the center of the earth 
Increased; this resulted in a westwardly directed force be
cause of the conservation of angular momentum of the Colorado 
Plateau mass. The force is directly proportional to the rate 
of uplift, but, since this is not known, the force has not 
been determined. The resistance to such a force by the rocks 
of the Basin Range block is not known, hence the inclination 
of any fractures resulting have not been determined.

Possibly the Uinta-Hendocino lineament on the north 
and the Texas lineament on the south were major zones of 
weakness along which some westward translation of the Colora
do Plateau mass may have occurred. The Uinta-Mendocino 
lineament is left-lateral, contrary to the sense of rotation 
required; the Texas lineament may be left-lateral, which is 
in accord with the sense of rotation required. There also 
appears to be some evidence that along the east side of the 
Colorado Plateau tension developed, as noted in the Bio 
Grande valley lineament.

Although conservation of angular momentum may have 
been a source of the forces involved, it does not appear to 
have been the major, or, perhaps, the causative force involved 
in the formation of these major reverse faults, as will now 
be shown.



The Virgin and Beaver Dam Mountains contain a number 
of thrust faults, all dipping west; emplaced allocthons have 
come from the west. The Virgin anticline is the surface 
expression of a deep-seated, west-dipping thrust. West-dipping 
thrusts also form along the western flank of the Virgin 
anticline from Harrisburg Junction northward to Pintura.
These thrusts cannot be the product of Plateau uplift and 
conservation of angular momentum.

Although the Shebit thrust is a gravity, gliding 
structure, according to this interpretation, the other thrusts 
in the Virgin and Beaver Dam Mountains do not appear to be 
explained by a similar mechanism. The Virgin and Beaver Dam 
Mountains may be domal uplifts, but the thrusts which they 
contain do not appear to have been caused by such uplift.

If the Beaver Dam Mountains are a domal uplift the 
cause is not known. There is no evidence of a magmatic 
source; indeed, magmatic evacuation is considered by many 
to be a source of sundering and subsidence, especially north 
of the area studied.

If the uplift of the Colorado Plateau is now con
sidered with respect to the Basin Range, and if it be accepted 
that the border faults of the Plateau are reverse faults 
which developed contemporaneously with uplift of the Plateau, 
then there are established two elements of a strain ellipsoid 
requiring a third for completion of the diagram. The force

185



186
thus required appears to be compressional, directed normal 
to the strikes of the faults (Fig. 44).

Figure 44
Application of the Strain Ellipsoid to the Structures 

of the Hurricane Fault Zone

The Direction of Horizontal Forces Involved 
The evidence of horizontally directed forces in the 

Transition Zone and in the Basin Bange Province seems fairly 
acceptable. Admittedly, gravity gliding may account for 
some structures, but this appears to be an augmentative force 
rather than a driving process in the region. Something more 
fundamental appears needed.

Kelley (1955) and Wilson (1962) believe that 
horizontal forces were active in the Plateau and contiguous 
areas in the Laramide. Gilluly (1 9 6 3, p. 157-159) reviews 
the various theories advanced for the fundamental force. 
Osmond (i9 6 0) considers it to be tensional in the Neogene, 
a view which is very widely held today.



However, If the evidence offered by the Hurricane 
fault, and other members of its family, is of any value to 
the problem, there would certainly seem to be excellent 
reason to believe that secular compression was the principal 
force involved. Its major component appears to have been 
active in a west-northwest to east-southeast direction, 
but the actual direction and source are not known.
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CONCLUSIONS

Conclusions derived from the present study consist 
of those of tectonic significance and those of geomorphic 
significance. Only the major conclusions are stated.

Conclusions of Tectonic Significance
1. The Hurricane fault zone is actually a fold-fault 
complex, as is also the Cedar Pocket Canyon-Shebit-Gunlock 
fault complex.
2. The major faults in the above zones are reverse 
faults, spatially, temporally, and genetically related to 
the folds in such a way that compression is strongly 
indicated as the causative force.
3* The compression involved appears to have continued
in time from the Laramlde to the present. There is no 
evidence that these faults represent a post-orogenic phase 
or taphrogeny, but represent the orogenic phase itself.

Conclusions of Geomorohic Significance
1. The Hurricane Cliffs between Anderson Junction and 
Port Pierce Wash are, for the most part, a resequent fault
line scarp, and only partly a fault scarp, greatly eroded.
2. Bates of erosion in the region are far lower than 
has previously been considered probable.

188



APPENDIX I

Determination of the total displacement on the Hurri
cane fault zone near Anderson Junction is based on the probable 
displacement of the Claron Formation. This is not easily 
determined at Anderson Junction. The nearest outcrops of 
Claron strata in the Markagunt Plateau are at Blowhard Moun
tain, 31 miles away, Navajo Lake, 33 miles, and Strawberry 
Peak, 36 miles. Gregory (1950a, p. 105; 1950b, p. l4l) 
noted that the regional dip is between 40 minutes and 1 degree 
20 minutes, in a N 36° E direction. Using these values, and 
utilizing Billing*s formula (1954, p. 442) to determine the 
apparent dip gives values which may be used in calculating 
the difference in elevation of the base of the Claron limestone 
at Anderson Junction.

From Billings (1954, p. 442):
tan C = tan A sin B

where A = true dip
B = angle between strike and section 
C = apparent dip
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Data__________________________ Reference Point

Strawberry Peak Navajo Lake Blowhard
Mountain

Bearing N 70° E N 60° E N 50° EDistance (miles) 36 33 31Angle between 
strike and 
section

34° 24° 14°
Regional dip lu20 * 40* 1^20 * 40' 1̂ 20' 5o*
Apparent 
regional dip 1° 6« 33' 1013* 36' 1°18* 39'
Difference of 
Elevation 

(miles) (feet) 0.6913,650
0.346
1,830

0.700
3,700

0.340
1,790 0.703 0.333 3,720 1,760

Elevation of 
base of Claron 
limestone
(feet) 8,500 8,500 9,000 9,000 9,500 9.500
Restored base 
of Claron lime
stone at Ander
son Junction 12,150 10,330 12,700 10,790 13,220 11.260
Elevation of 
base of 
Claron lime
stone at Ander
son Jet. 4,000 4,000 4,000 4,000 4,000 4,000
Calculated 
difference 
in elevation 
of base of 
Claron

8,150 6,330 8,700 6,790 9,220 7 ,2 6 0

Minimum difference 
Maximum difference

6 ,3 3 0 feet 
9,220 feet



LIST OF REFERENCES

Armstrong, R. L., 1 9 6 3, K-Ar ages of volcanics in south
western Utah and adjacent Nevada: Guidebook to 
Geol. SVJ. Utah, Intermtn. Assoc. Petrol. Geol.

Averitt, Paul, 1962, Geology and coal resources of the Cedar 
Mountain quadrangle, Iron County, Utah: U.S. Geol.

, Survey Prof. Pap. 389
______ - 1964, Upper Tertiary surflcial deposits near

Cedar City, Iron County, Utah: Geol. Soc. Amer.
Bull., v. 75, p. 37-44

Babenroth, D.L., and Strahler, A.M., 1945, Geomorphology
and structure of the East Kaibab monocline, Arizona 
and Utah: Geol. Soc. Amer. Bull., v. 5 6 , p. 107-150

Billings, M.P,, 1954, Structural Geology: Prentice Hall,
Englewood Cliffs, New Jersey, Second Edition, p. 514

Bissell, H.J., 1952, Geology of the Cretaceous and Tertiary 
sedimentary rocks of the Utah-Arizona-Nevada corner: 
Guidebook to Geol. of Utah, No. 7, Intermtn. Assoc. 
Petrol. Geol.

Bowyer, Ben, Pampeyan, E.H., and Longwell, C.R., 1958, Geolog
ic Map of Clark County, Nevada: U.S. Geol. Survey 
Miner. Invest. Map MF 138

Brill, K.G., Jr, 1 9 6 3, Permo-Pennsylvanian stratigraphy of 
western Colorado Plateau and eastern Great Basin 
regions: Geol. Soc. Amer. Bull., v. 74, p. 307-330

Campbell, G.S., 1952, Bloomington dome, Washington County, 
Utah, summary article: Guidebook to Geol. of Utah,
No. 7, Intermtn. Assoc. Petrol. Geol., p. 86-89

Cary, R.S., 1 9 6 3, Pintura anticline, Washington County,
Utah: Guidebook to Geol. SW. Utah, Intermtn. Assoc. 
Petrol. Geol., p. 172-180

191



Cook, E,F., 1950, Geology of the Pine Valley Mountains, UtahY 
Univ. of Wash, doctoral dissertation

_________ 1952, Geology of the Pine Valley Mountains: Guide
book to Geol. Utah, No. 7> Intermtn. Assoc. Petrol. 
Geol., p. 92-100

_________ 1957, Geology of the Pine Valley Mountains, Utah:
Utah Geol. and Min. Survey Bull. 70, p. Ill

i9 6 0, Geologic Atlas of Utah, Washington County; 
Utah Geol. and Min. Survey Bull. 70

Davis, W.M., 1903, An excursion to the Plateau Province of 
Utah and Arizona: Harv. Coll. Hus. Zool. Bull., 
v. 42, p. 108-201, Geol. Ser.

Dobbin, E.E., 1939, Geologic structure of St. George district, 
Washington County, Utah: Amer. Assoc. Petrol. Geol. 
Bull., v. 23, p. 121-144

Dutton, C.E., 1880, Report on the geology of the High Plateau 
of Utah with atlas: U.S. Geog. and Geol. Surv.
Rocky Mtn. Reg.

_____ ______  1882a, The physical geology of the Grand Canyon
district: Second Ann. Rept., U.S. Geol. Survey, p. 47- 
166

192

____________ 1882b, Tertiary history of the Grand Canyon
district, with atlas: U.S. Geol. Survey Mono. No. 2

Gardner, L.S., 1941, The Hurricane fault in southwestern 
Utah and northwestern Arizona: Amer. Jour. Sci., 
v. 2 3 9, p. 241-260

Gilluly, James, 1 9 6 3, The tectonic evolution of the western 
United States: Quart. Jour. geol. Soc. Bond., v. 119* 
p. -174

Gregory, H.E., 1950a, Geology of eastern Iron County, Utah: 
Utah Geol. Min. Survey Bull. 3 7 , p. 153

______ _ 1950b, Geology and geography of the Zion Park
Region, Utah and Arizona: U.S. Geol. Survey Prof.Pap. 220, p. 200

—  —  —  an<̂  Williams, N.C., 1947, Zion National Monument,
Utah: Geol. Soc. Amer. Bull., v. 58, p. 211-244



193
Hamblin, W.K., 1962a, Transition between the Colorado Plateau 

and the Basin and Range in southern Utah and northern 
Arizona: 1962 Ann. Meet. Cord. Sect. Geol. Soc. Amer., 
program, p. 2 3, abst.

_____________ 1962b, Origin and significance of reverse drag
in fault-flexure displacements: 1962 Ann. Meet. Geol. 
Soc. Amer., program, p. 64A-65A, abstract

1963, Late Cenozoic basalts of the St. George 
basin, Utah: Guidebook to Geol. SW. Utah, Intermtn. 
Assoc. Petrol. Geol., p. 84-89

Hauptman, C.H., 1952, Virgin oil field, Washington County,
Utah: Guidebook to Geol. Utah, No. 7> Intermtn. Assoc. 
Petrol. Geol., p. 81-83

Hunt, C.B., 1956, Cenozoic geology of the Colorado Plateau:
U.S. Geol. Surv. Prof. Pap. 2?9, p. 99

Huntington, E., and Goldthwait, J.W., 1903, The Hurricane 
fault in southwestern Utah: Jour. Geol., v. 11, p.
46-63

1904, The Hurricane
fault in the Toquerville district, Utah: Harv. Cool. 
Mus. Comp. Zool. Bull., v. 42, p.

Kelley, V.C., 1955, Regional tectonics of the Colorado Plateau 
and relationship to the origin and distribution of 
uranium: Unlv. New Mexico, Publ. in Geol., No. 5

Koons, D.E., 1945, Geology of the Ulnkaret Plateau: Geol.
Soc. Amer. Bull., v. 5 6, p. 151-180

Longwell, C.B., 1945, Low-angle normal faults in the Basin-
and-Range province: Trans. Amer. Geophys. Union, v. 26, 
part 1, p. 107-118

______________ 1946, How old is the Colorado River?: Amer.
Jour. Sci., v. 244, p. 817-835

Mackin, J.H., i9 6 0, Structural significance of Tertiary
volcanic rocks in southwestern Utah: Amer. Jour. Sci., 
v. 258, p. 81-131

Marshall, C.H,, 1957, Photogeologic map of the Hurricane
Cliffs 2NE quadrangle, Mohave County, Arizona: U.S. 
Geol. Survey Misc. Geol. Invest. Map I 252



194
McKee, E.D., 1938, The environment and history of the Toro- 

weap and Kaibab formations of northern Arioona and 
southern Utah: Carnegie Inst. Wash. Pub. no. 492

Moore, B.T., 1958, Geology of northwestern Mohave County,
Arizona: unpublished master’s thesis, Univ. of Arlz.

Neighbor, Frank, 1952, Geology of the Pintura structure,
Washington County, Utah: Guidebook to Geol. of Utah, 
No. 7, Intermtn. Assoc. Petrol. Geol., p. 79-80

Nolan, T.B., 1943, The Basin and Range province in Utah,
Nevada, and California: U.S.Geol. Survey Prof. Pap. 
197-D

Osmond, J.C., i9 6 0, Tectonic history of the Basin and Range 
province in Utah and Nevada: Trans. Amer. Inst. Min.
Met. Eng., v. 217, p. 251-265

Reber, S.J., 1952, Stratigraphy and structure of the south-
central and northern Beaver Dam Mountains, Utah: Guide
book to Geol. of Utah, No. 7» Intermtn. Assoc. Petrol. 
Geol., p. 101—108

Reeslde, J.B., and BAssler, H., 1922, Stratigraphic sections 
in southwestern Utah and northwestern Arizona: U.S.
Geol. Survey Prof. Pap. 129

Russell, W.L., 1955, Structural geology for petroleum geologists: 
KcGraw Hill, New York, p. 427

Spleker, E.H., 1949, The transition between the Colorado
Plateaus and the Great Basin in central Utah: Utah 
Geol. Soc. Guidebook No. 4, p. 106

Stokes, W.L., and Heylmun, E.B., 1963, Tectonic history of 
southwestern Utah: Guidebook to Geol. SW. Utah,
Intermtn. Assoc. Petrol. Geol., p. 19-25

Thomas, N.C., 1952, Jurassic stratigraphy of southwestern 
Utah: Guidebook to Geol. of Utah, No. 7, Intermtn.
Assoc. Petrol. Geol., p. 61-68

Thomas, H.E., and Taylor, G.H., 1946, Geology and ground- 
water resources of Cedar City and Parowan Valleys,
Iron County, Utah: U.S. Geol. Survey Wat. Supp. Pap.
993, p. 210



195
Threet, B.L., 1952, Geology of the Red Hills area. Iron 

County, Utah: unpublished doctoral dissertation,Unlv. of Wash.
___________ 1963, Structure of the Colorado Plateau margin

near Cedar City, Utah: Guidebook to Geol. SW. Utah, 
Intermtn. Assoc. Petrol. Geol., p. 104-117

Walcott, C.D., 1889, Study of a line of displacement in the 
Grand Canon of the Colorado, in northern Arizona:
Geol. Soc. Amer. Bull., v. 1, p. 49-64

Williams, N.C., 1952, Jurassic stratigraphy of southwestern
Utah: Guidebook No. 7; Intermtn. Assoc. Petrol. Geol.,
p. 6 1 -68

Wilson, E.D., and Moore, R.T., 1959; Geologic Map of Mohave 
County, Arizona: Ariz. Bur. Mines, Univ. of Ariz.

__________ 1962, A resume' of the geology of Arizona:
Ariz. Bur. Mines Bull. 171; p. 140



TJC/flW , r Y

i. i

/ V.

4'

to S o lt  Lpke City

CEDAR CITY'

R. 12 W.

- m #

R. 13 W.
Kanarraville

: t m

. '

X.

^  i h h

>1

f i

\Qc

9 v ^ :
0 m

% 5$v;:V.
7  Vj

Z

vO

9  ̂ v,y1  ̂̂  ^

,<°>

:S

ToqueVvi I
k S  ' '

M?W-:
l J M E z c -

Qb/i v
Vh a -1 r.

A  / I f

Cx

SEDIMENTARY ROCKS

o-ioo,+
Alluvium, hill w ash ,  etc.

0-2,000'+*
Conglomerate arid breccia

TT—TvZEE 0-700

>

; q:

Wasatch form ation,includes conglom
e r a te  •; sandstone, shale, and limestone

\
0-3J&0O

Sandstone and shale 
(undifferentiated)

0\ .0-700
Carmel formation, includes limestone

sum
l,900'± i D

1.-3

1,700 t'+

Chinle formation, includes sandstone and shale

75-150'::Rs

X8 I
///

'//////
///

i H M
//Yz//J

///

Ab,
//

lAs\

m m  ■■■■'

Shinarump conglomerate

1.6 oo^ •' '

3f- z?7r2

. . , a #
41 Moenkopi- formation1 includes shale 
S. sandstone and limestone** to Zion

950 ±
Kaibab limestone .includes, 

shale and gypsum •

■ 1,40 Ot
Sandstone, Iimestone. 

and gypsum (unnamed)

G N E O U S  R O C K S

J//' '-7 O ■ A * © * o e o w

-T*SV.- •• -

>GtbrV *7 -f >
0-200

Basalt flows-

E g 3000 ±
L at i te etc’, f I ows

Qc v0z UT AH  
ARIZONA

6 Miles■ C i

i.

BASE MAP PREPARED by L. S. GARDNER, 1941
. oddltkni b» E.M.P.Lo»»ioy, 1364 -!

-
GEOLOGIC MAP of th e  HURRICANE FAULT ZONE

X.; •-;-X. ', ,
t •

: %
• $

• *:'

v

- %

. IV..:
’Z 1 .-■.«•

r:-
V

X-L::: 4,:,.
: v i v : v.; ' g- : . ’

■ . * . -V i- •'4' ' -

/ .- -r '-+»

Vv *-4 r ': • pz: 14-
\  ' z -x- -4

' '= X. -f'4;; h . .-X-, .

X'
--ZVXvAyZ: ^ ^

• ••





lU
'jJfZ

 
PLA

TE 
3, C

R
O

SS 
SEC

T
IO

N
lrvr<e 

; 
KEUFFEL & ESSER CO.

ORIGINAL
SURVEY

BY DATE
SURVFYFn ___
PLOTTED

NOTE BOOK 
NO.

TEMPI ATF
AREAS
AREAS CHECKED____

FINAL
SURVEY

BY DATE
SURVEYED
PLOTTED ....................

NOTE BOOK 

NO.

TEMPLATES _
AREAS.
AREAS CHECKED

• m



PLATE 3, C
RO

SS SECTIO
N

KEUFFEl fc ESSER CO
.

ORIGINAL
SURVEY

BY DATE
SURVFYFD ........ -
PLOTTED

NOTE BOOK TFMPI ATF
ARFAS

NO. '•** .. AREAS CHECKED____  _

FINAL
SURVEY

- - ■ ' , BY DATE
SURVEYED..
PLOTTED___

NOTE BOOK TEMPLATE
AREAS/... . . -

NO. AREAS CHECKED—  _ _

do*


