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Frontpiece: Looking northeast from the

floor of Salt Basin toward El Capitan
Mountain and the Guadalupe Mountains.

The Patterson Hills are in the center

ground .
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ABSTRACT

Fault scarps cutting alluvial deposits define the

present-day eastern boundary of Basin and Range faulting in

Trans-Pecos Texas. These faults are found in the Salt

Basin graben north of Van Horn, Texas, and its southerly

extensions along Lobo Valley and Michigan Draw. Discon

tinuous and en echelon Quaternary fault scarps quickly

die out to the south on the eastern side of the graben but

become more continuous and develop larger displacements

(up to 6 meters) along the west side of Salt Basin at the

base of Sierra Diablo.

The orientation of the more than one hundred Qua

ternary down-to-the-basin fault scarps and photolineaments

appears to be controlled by pre-existing structural zones

of weakness.

The preferential alignment of Quaternary (Holocene?)

fault scarps along the western side of the graben, the

westward shifting of playa lakes and the preferred orienta

tion of giant desiccation polygons show that the graben

floor is subsiding more rapidly along the western margin.

These faults also separate fresh from saline ground water.

Four transverse structural lineaments crossing the

northern portion of Salt Basin graben were mapped by P.B.

vi



King (1948, 1965) and M. Wiley (1970). A fifth zone,

trending east-west between the Babb flexure and Bitterwell

Mountain is proposed in this thesis.

A tectonic origin is suggested by the orientation

of the scarps and the proximity of the Mayfield fault

scarps to the estimated epicenters of the 1931 Valentine

earthquake .

The frequency of small earth tremors felt by the

residents of the basin and recorded by temporary seismo

graph stations indicate tectonic adjustments are presently

occurring.



TABLE OF CONTENTS

TEXT

INTRODUCTION -^
Purpose [ [ 2.
Location and Accessibility 1

History - Valentine Earthquake ] 4

LOCAL STRUCTURE 12

Physical Description 12

Regional Geology and Structural History 23

Stratigraphy 28
Climate and Vegetation 31

Summary of Hydrology 33

Physiography of Salt Basin 37

PREVIOUS INVESTIGATIONS 43

PROCEDURE 45

Field Mapping Techniques 45

Aerial Photography 48

Field Identification of Fault Scarps 55

Giant Desiccation Polygons 76

Westward Shift of Playa Lakes 90

FREQUENCY OF SCARPS ON THE WESTERN SIDE 92

Description. 92

Comparison with the Rio Grande Rift 95

A Model of the Graben 97

PROBLEMS 101

CONCLUSIONS 107

APPENDIX I Ill

APPENDIX II 114

Origin of Giant Contraction Crack Polygons . . . 114

Geologic Origins for Giant Contraction-Crack

Polygons in Arid Regions 123

Desiccation 123

Tectonism 124

Water Table Barriers and Facies Changes. . . 125

viii



ix

Page
REFERENCES 128

VITA . . . . , 137

ILLUSTRATIONS

Figure Page
1. Location map .. 3

2. Isoseismal map of the Valentine earthquake. 8

3A. Cross-sections showing exaggerated

topography 14

3B. Map showing a portion of Salt Basin and

Salt Flat 15

4. Structure map of the area . 18

5. Map showing depth of alluvial fill 22

6. Map showing general structural trends ... 24

7. Map showing drainage basin of Salt Basin

Graben 34

8. Photograph, looking northeast toward El

Capitan Mountain 36

9. Photograph, looking east toward El Capitan
Mountain and the Guadalupe Mountains ... 40

10A. Photograph, fault scarps along the Babb

Flexure and the Diablo Plateau 50

10B. Photograph, fault scarps bounding and

cutting Apache Canyon fan 51

IOC. Photograph, fault scarp in fan west of Bit

terwell Mountain 52

11. Photograph, looking west toward Victorio

Peak fan 57

12A. Photograph, looking southwest at King's
Fault and Apache Peak 59

12B. Sketch of Figure 12A 60

13. Photograph, looking west at the face of

King's Fault scarp and the Babb Flexure. . 61

14. Photograph, an oblique view to the north

along King's Fault scarp 62

15. Photograph, looking east-northeast from

King's Fault toward the Delaware

Mountains 64

16. Photograph, looking northeast across Wild-

horse Flat toward the Apache Mountains and

the Scott Canyon fan 68

17. Photograph, a ground view looking west at

the McVay Fault 69



x

Figure Page
18 Photograph, looking south along the fault

in the Beach Mountain fan 71

19. Photograph, looking northwest along the

multiple scarps in the fault zone 73

20. Photograph, looking east across the northern

half of the giant desiccation cracks in the

Baylor Mountain fan 77

21. Photograph, looking east across the southern

half of the giant desiccation cracks in the

Baylor Mountain fan 78

22A. Map showing orthogonal views of the giant
desiccation cracks 79

22B. Map showing orthogonal views of the giant
desiccation cracks 80

22C. Map showing orthogonal views of the giant
desiccation cracks 81

23. Graph of yearly fluctuations of levels in

water wells of Hudspeth and Culberson

Counties 83

24. Table of Texas Water Development Board

open file report, Culberson County, water

level measurements 85

25. Map showing subparallel orientation of

alluvial fault scarps and giant desicca

tion cracks 88

26. Table of states of the morphogenetic

sequences and the youngest geomorphic
surfaces on which soils illustrating the

stages occur 103

27. Sketch showing hypothetical development of

a collapse fissure 122

Plates (In pocket)

Map A Fault Scarps in Quaternary Units in

Salt Basin and Salt Flat, Trans-Pecos

Texas (Goetz, 1977).

Map B Fault Scarps within Quaternary Units in

West Texas (Belcher, Goetz and

Muehlberger, 19 77).



INTRODUCTION

Purpose

The Valentine earthquake of August 16, 1931 showed

that tectonism is still continuing in west Texas. This

study is part of a larger study to determine what regions

are currently active. This thesis describes the evidence

of Quaternary, possibly Holocene, faulting in the Salt Basin

and Salt Flat sections of Salt Basin Graben, Trans-Pecos,

Texas .

Basin and Range deformation in west Texas produced

several fault-bounded basins between elongate mountain

ranges . The fronts of the mountain ranges forming the

walls of Salt Basin and Salt Flat were examined, and fault

scarps that were present in the Quaternary basin fill were

mapped. By restricting the mapping to fault scarps in

active alluvial fans, it was possible to establish a mini

mum of age for most of the deformations and thus estimate

the rate of movement.

Location and Accessibility

Salt Basin graben is the easternmost intermontane

basin of the Basin and Range province in the United States.

This 350-km long graben extends north through Trans-Pecos

1
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Texas into southern New Mexico (Figure 1) .

This thesis covers the central segment, 100 km long,

3072 square kilometers in area, from Van Horn, Texas, to

the Texas-New Mexico border. The area includes Salt Flat,

in the south, and Salt Basin in the north. The Guadalupe,

Delaware and Apache Mountains form the eastern boundary.

Threemile Mountain, Beach Mountain, and the Diablo Plateau

form the western boundary, and Interstate Highway 10 forms

the southern boundary (Map A) .

Salt Basin straddles the boundary between Hudspeth

and Culberson counties. This line is also the division

between the Central Standard time zone and the Mountain

Standard time zone.

Van Horn (est. popoulation, 3000) , the seat of

Culberson county, is the major commercial and population

center of the area. Dell City (est. population, 600) at

the northern end of the study area is an agricultural-

based community.

Interstate Highway 10 (1-10) links Van Horn with

Pecos, to the east, and Sierra Blanca to the west. State

Highway 54 traverses the graben from Van Horn, north to

the junction with U.S. Highway 62-180. The latter crosses

Salt Basin, linking El Paso, Texas with Carlsbad, New

Mexico.
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Other paved roads connect the major irrigation

districts in Wildhorse (Salt Flat) and Dell City with the

main highways. The remaining network of roads is composed

of graded county roads and locked or gated ranch roads .

The latter may only be crossed with the consent of the

owner.

History
- Valentine Earthquake

Salt Basin has long been a junction on trade and

transportation routes. Abundant Indian artifacts, petro-

glyphs and campsites evince early occupation. The presence

of salt, not readily available elsewhere in the territory,

apparently drew the tribes to Salt Basin.

The first Spanish records of Salt Basin date from

1750 and record production of salt from the Salt Flat lakes

of Hudspeth and Culberson counties (The Handbook of Texas,

1952) .

In 1836 the westward expansion of the United States

into Salt Basin graben was heralded by the passage of

thirty-nine camels, three Arabs, two Turks, and a division

of the U.S. cavalry under the command of Major H. Crossman

(Wylie, 1973).

By 1849 the Chihuahua Trail cut across Salt Basin.

The discovery of gold in California forced the development
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of overland routes. The Butterfield Route, crossing the

northern section of Salt Basin, and the Old Spanish Trail

crossing the southern were established in 1857.

In 1877 the Salt Flat lakes became the scene of the

"Salt War". This war is one of the smallest scale engage

ments ever entered into by the Federal government. Accor

ding to The Handbook of Texas (1952) the Salt War arose

because:

"...individuals filed on land including the lakes

and denied local residents access to the Salt.

United States soldiers were sent to quell the

disturbance, Fort Bliss was re-established, and

diplomatic exchanges were made between the Uni

ted States and Mexico."

In 1881 the Texas and Pacific Railroad was built

across the northern fans of Wylie Mountain. The community

of Van Horn was moved from Lobo, where it had been a stage

depot, to the north side of the tracks where it functioned

as a watering and shipping point. The last Indian battle

was fought at the mouth of Victoria (sic) Canyon on

January 29, 1881.

The beginning of the second decade of this century

saw the early development of irrigated farming in Lobo

Valley, Wildhorse, and Dell City. Rapid expansion of these

areas did not begin until the 1940 's in the southern sec

tion of the graben and the 1950 's in the northern.

The communities of Salt Flat and Saint Clair (near
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Plateau) were founded but never materialized. Plateau,

originally a rail siding, now boasts a cafe and gas station.

Today Van Horn is jointly supported by cattle ranching,

farming, and businesses which supply conveniences to the

many travelers of the three highways which converge in

town. Dell City has developed similarly on a smaller scale.

The Guadalupe Pumping Station forms a third community of

more than two hundred residents. Although located in the

southwestern foothills of the Guadalupe Mountains near the

junction of highways 54 and 62-180, it is more closely tied

to Carlsbad, New Mexico than either Dell City or Van Horn,

Texas .

Thus the geology controlling the location of Passes

in the bold terrain and the availability of salt and abun

dant ground water determined the location of the communi

ties in Salt Basin graben. It was one brief geologic event,

however, that made the southern portion of this area well

known in geologic literature and precipitated the investi

gations made in this thesis.

At 5:40 A.M. Central Standard Time on August 16,

1931, the largest earthquake recorded in Texas shook the

region. The main quake, which registered VIII on the

Rossi-Forel scale (Sellards, 1932) and VIII on the modified

Mercalli intensity scale of 1931 (Sanford and Toppozoda,
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1974) , was preceded by earlier light shocks and followed

by over two months of aftershocks. The strongest of these

occurred on August 16, 18, and 19 and on November 3 with

intensities of V on the modified Mercalli intensity scale.

Centered near Valentine, Texas, the earthquake affected an

area with a radius of approximately 700 kilometers, shown

in Figure 2 . It is interesting to note that the shock was

hardly felt in the Mexican towns just across the Rio Grande

and distinctly felt hundreds of kilometers away in any

other direction (Sellards, 1932).

The exact epicenter of the earthquake is unknown

because of the inadequacies of the recording equipment em-

placed at that time. The U.S. Coast and Geodetic Survey

placed the center 117 kilometers south-southeast of Valen

tine at 2940'N and 10411'W, and P. Byerly of the Univer

sity of California calculated the center to be at 3059'N,

10411'W (Sellards, 1932). Sanford and Toppozoda (1974)

obtained a faultplane solution which showed a normal fault

striking N40W and dipping 74SW, consistent with the known

structure of this region. Dorman (1976, unpublished data)

recalculated Byerly 's data using modern travel time curves

and found that his epicenter should be moved westward about

eight kilometers.

Due to the low population density construction
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Figure 2. Sellard's (1932) isoseismal

map of the Valentine earthquake, August

16, 1931, (page 116) .
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damage was light. No one was killed, although over a hun

dred people living in adobe homes reported injuries

(Sellards, 1932). Near the epicenter of the earthquake,

reinforced concrete buildings were cracked, and brick chim

neys broke at roof level. Landslides were reported in the

Van Horn Mountains west of Lobo. No one sense of motion

was reported by local residents. The area near Valentine

appeared to have moved in both southwest and northeast

directions. Although most falling objects landed east of

their original positions, chimneys that did not fall and

tombstones were rotated both clockwise and counterclockwise.

Elsewhere both north-south and east-west shaking were re

ported.

H.P. Sproul of Fort Davis, Texas remembered that he

was awakened that morning by the bed "aquivering and shak

ing". The bed "moved two feet from the wall" while "dishes

rattled" and rocks fell (oral communication, 1976.) He

also recalled ranchers finding cracks in Lobo Valley just

after the earthquake.

Rosa L. Wylie (1973) wrote:

"On the morning of August 16, 1931 Van Horn

was awakened with a heavy earthquake, damag

ing a few buildings, especially the cement

and stone buildings. They were cracked but

none were shaken down. We were not in the

center of activity; the greatest damage

was at Lobo and Valentine, Texas. Some of

the rocks rolled off the mountains and rail-
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road trains were shaken so they had to

stop thinking they were derailed." (Page 157).

Frosty Bowers of the Baylor Mountain Ranch in

Salt Basin recalled riding in a round-up, searching for

lost calves on the old Jones Ranch (now the Apache Ranch)

not long after the earthquake. They could hear the calves

bawling but could not see them. The bawling was traced to

"cracks by the Jones Ranch ... east and north of the road."

The calves had apparently wandered off and fallen into the

cracks where Mr. Bowers reported "we couldn't reach them

with three lariats or see them with a flashlight." He

stated the cracks were still open in 196 8 when he last rode

through, but that the Lobo cracks had since healed Coral

communication, 1977) . These cracks are not visible in the

aerial photographs nor were they in evidence when the area

was mapped.

Frank Jones remembered sleeping out of doors that

night near the heavy road equipment which he and others

had been using that day. He awoke in the dark to a loud

rumbling vibration. Supposing someone had started up the

trucks, he repeatedly yelled, "Don't run me over!" at the

top of his lungs until he realized the trucks were still

cold and the noise was that of an earthquake.

Mr. Jones noticed that the waterwell at the ranch

house located on the Delaware Platform, just east of
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Scott Canyon fan, pumped muddy water for a week following

the earthquake. When the water cleared, the flow had in

creased from approximately two gallons per minute to about

twenty (oral communication, 19 76) .

Many of the natural springs further north on the

same side of the graben either decreased in flow or dried

up shortly after the earthquake. Although this may be un

related to the Valentine earthquake, when considered with

the Jones well, the evidence suggests that the shock cau

sed collapse or partial collapse of the cavernous and

faulted limestone, redistributing the subsurface drainage.

Other primary accounts of the Valentine earthquake

may be found in a paper by Sellards (19 32) .

Curiously, among all the reports of the Valentine

earthquake no changes in the topography aside from the

cracks at Lobo and near the Jones Ranch have been reported.

The absence of new scarps implies that the movement was

either absorbed by the bolson fill acting as a plastic or

viscous medium or that the movement took place along pre

viously existing fault planes and was small enough not to

attract attention.



LOCAL STRUCTURE

Physical Description

The thesis area is a block-faulted half-graben

composed of four segments. Each segment is offset to the

west of its adjacent southern segment along faults that

parallel late Paleozoic fault trends.

The two southernmost segments form Salt Flat. The

southernmost section bifurcates to the south at the lati

tude of Van Horn. The northern Salt Flat section also

bifurcates at its southern end. The basin arm west of the

Baylor Mountains is much less significant than the basin

arm that widens to become Wildhorse Flat. The two northern

sections of the thesis area form Salt Basin and are essen

tially rectangular and parallel in outline.

The graben as a whole is asymmetric, with the eas

tern wall elevated higher than the western in the Salt

Basin section of the graben. The reverse is true for the

Salt Fait section. The difference in elevations is appro

ximately 1400 meters at the north end of the thesis area

and decreases to approximately 180 meters at the southern

end. The relief between El Capitan Mountain in the Gua

dalupe Mountains (2624 m) and the adjacent basin floor

(1080 m) is the most extreme found in the state of

12
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Texas (Figure 3) .

The steep slope and high elevation on the eastern

side of the graben in the north end is similar to the

characteristic slope and asymmetry of the Rio Grande Rift

and is used by Chapin and Seager (1975) to include this

basin as one of the structures of the rift.

Hay-Roe (1958) described the eastern side of Salt

Basin as a west-dipping faulted monocline, accordingly

Salt Basin was described as a half-graben.

Earlier work by Sellards and Baker (19 34) related

Salt Basin to the Rhine graben and the African Rift. They

described Salt Basin as a complicated graben formed by:

"depressed rectangular blocks within a basin

defined by salt lakes or 'sinks' ... bounded

north and south by east-west structure lines

and crossed diagonally from southeast to

northwest by a zone of faulting or downwarp-

ing subparallel to a fault further south in

the latitude of Van Horn." (Page 171).

The northernmost structure line shown in Figure 4,

a map of Salt Basin, was dashed in by King (194 8) and

bears southeast from the faulted limestone south of Dell

City to the south side of Bitterwell Mountain.

The next apparent break in the basement blocks is

postulated by the author to bear east-west between the

Babb Flexure and the south side of Bitterwell Mountain.

This structural zone has not been mapped before and will
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following page. AA'
, CC, and D6 are lines shown in

Figure 5.
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Explanation to Numbers on Figure 3B

1. El Capitan Mountain

2. Patterson Hills

3. Black Jack Mountain

4. Bitterwell Mountain

5. Scott Canyon fan

7. Apache Mountain foothills

8. Wylie Mountains

9. Threemile Mountains

10. Beach Mountain

11. Wildhorse Flat

12. Giant Desiccation Polygons
13. Baylor Mountains

14. Victorio Peak (Victorio Flexure)

15. Sierra Diablo

16. Apache Peak

17. Babb Flexure

18. Eightmile Draw



EXPLANATION

Igneous, metamorphic, and sedimentary rocks of Precambrian age

Sedimentary rocks of Paleozoic and Mesozic age

Volcanic of early Tertiary age

Intrusive igneous rocks of Tertiary age

Bolson deposits and thick alluvial fill of late Tertiary and Quaternary age

Low-angle thrust faults of early Tertiary age (dotted where concealed by

younger deposits)

Monoclinal flexures of Permian and early Mesozoic age (in part followed by

reef zones of Permian age)

Anticlinal axis and domes

High-angle faults, mainly of late Tertiary and Quaternary age (dotted where

concealed by bolson deposits; major faults in heavy thick lines)
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Figure 4. Structure map of the area about and including
S'alt Basin adapted from King (1965) .



V

19

be discussed later.

The Babb Flexure may continue across Salt Basin

and intersect the Apache Mountain trend, forming the nor

thern side of the Scott Canyon fan embayment.

The Victorio Flexure strikes in a more easterly

direction than the Babb Flexure. Movement on the flexure

apparently down dropped the basement block to the north

along an east-west trend beginning in Victoria (sic) Canyon,

crossing the north side of the Baylor Mountains and inter

secting the Apache Mountains on the south side of the

Scott Canyon fan embayment. Both the Babb and Victorio

flexures are early Paleozoic, north-dipping faulted mono

clines.

The southern limit of the Wildhorse sub-basin, the

southernmost basement block in the thesis area, is formed

by the Hillside Fault and the Wylie Mountain Fault. These

two faults and the faults that separate the grabens of

Lobo Valley and Michigan Draw from the graben of Salt Flat

have downdropped the sub-basin of Salt Flat and the toe

of the Wylie Mountains (Hay-Roe, 1958, Hood & Scalapino,

1951, and Baker, 1952). These faults lie in the north

west-trending zone of structural transition known as the

Texas Lineament (Wiley and Muehlberger, 1970). This re

gional anomaly forms a 100 to 150 kilometer-wide zone
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extending from the Transverse Ranges of California along

the southern edge of the Colorado Plateau to Trans-Pecos

Texas. Locally it separates the stable Diablo Plateau from

the mobile Chihuahua trough (Wiley and Muehlberger, 1970) .

P.B. King, V. Kelly and graduate students under the

direction of R.K. DeFord have described most of the faulting

that surrounds and defines Salt Basin graben. The east

side of the graben, a faulted monocline, is dominated by

two trends of normal faults. The predominate strike direc

tion is north-northwest, and the secondary trend is north

east (Figure 4) . King (1935) described two trends of nor

mal down-to-the-basin faulting present on the west side of

the graben. The irregular north-south trend with some

north-northwest trending members forms the steep eastern

cliffs of the Sierra Diablo. King (1935) described this

part of the system as a "bight and cusp pattern". The

second fault trend changes from a dominantly northwest di

rection to a west-northwest direction as the observer moves

southward. King (1935) described the west-northwest trend

near Van Horn as showing less displacement but more regu

lar pattern than the north-south system. Many of these

west-northwest striking faults showed evidence of recurrent

movement. King (1935) suggested that this movement "coin

cided with persistent lines of weakness in the basement
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rocks in the region". (Page 253).

Hay-Roe (1958) described the fault trends in the

Wylie Mountains and suggested that the east Wylie boundary

fault was older than the west fault.

Typical of the Trans-Pecos region, almost all these

fault traces are straight with dips varying from vertical

to sixty degrees in a basin-ward direction. Almost all the

faults show normal displacements.

The approximate depth of the alluvium and the gen

eral tilt of the bedrock blocks beneath Salt Basin are in

dicated in Figure 5, drawn from the resistivity and well log

data assembled by Gates and White (1977, in press) . With

the exception of the block or zone adjacent to Bitterwell

Mountain, all the bedrock blocks appear to be down-dropped

to the west and have increasing displacements to the south.

The Wildhorse sub-basin was traversed by three

lines, with one of the lines nearly perpendicular to the

other two east-west lines. The data from these lines show

that the bedrock below Wildhorse Flat dips in a southwest

direction. The deepest fill in the Wildhorse sub-basin is

just east of the Baylor Mountains in a trough which strikes

south-southwest toward Lobo Valley. A second low in the

basin floor lies on the east side and strikes south-south

east toward Michigan Draw.
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Figure 5 .
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The apparent rotation of the large isolated blocks

which form the Baylor Mobntains, Black Jack Mountain, the

Patterson Hills, the two hills just west of the Apache

Mountains suggests that when Salt Basin was formed, fault

ing was antithetic in nature.

Salt Basin graben is tectonically active. The

occurrence of the 1931 August 16 Valentine earthquake com

bined with the occurrence of fault scarps in the Holocene

fans of Salt Basin and Salt Flat (Belcher and Goetz, 1977,

Kelly, 1971) strongly suggests recent movement within the

graben. Inhabitants of Dell City and Van Horn report small

tremors from time to time.

Regional Geology and Structural History

The following summary of the structural history of

the Trans-Pecos region of Texas has been drawn from Wiley

(1970) .

A Precambrian boundary divides the stable crust of

the Diablo Platform from the unstable Van Horn Mobile Belt

to the south. The Streeruwitz Thrust marks this boundary

and is, in part, buried under the unconformably overlying

horizontal Van Horn Sandstone (Figure 6, A).

To the north, Precambrian rhyolite and diorite

rest on and in the older Precambrian rocks and in turn are
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covered by the latest Precambrian Van Horn Sandstone.

The Paleozoic tectonic history of this area was

characterized by relative quiet with minor uplift, faulting

and tilting to the south and to the east. Late Paleozoic

orogenic events formed major structures. To the south, in

the Marathon region, the Ouachita geosyncline began to form

as early as late Cambrian time. Deformation of this area

began in late Mississippian time, and overthrusting ended

in the early Permian (Figure 6, B) .

Tectonic adjustments, probably related to the Oua

chita orogeny, began in northern Trans-Pecos Texas during

the late Mississippian and early Pennsylvanian periods.

Differential movements formed the Diablo and Central Basin

Platforms as well as the intervening Midland and Delaware

Basins.

The pre-Permian Paleozoic formations were warped

into several broad, open, east-northeast-plunging folds

north of Van Horn in the Sierra Diablo and in the Beach and

Baylor Mountains. Pennsylvanian formations are the young

est strata involved in the folding. Down-to-the-north pre-

Permian faulting occurred along the Victorio and Babb

Flexures. Six hundred meters of displacement has been

measured on the Victorio Flexure by P.B. King (1965).

These faults are located on the north-dipping flanks of
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two earlier Paleozoic anticlines. Minor folding along

these old axes occurred during the Leonard epoch causing

earlier Permian rock to be warped or truncated along the

Victorio and Babb Flexures.

The Mesozoic Coahuila Platform evolved as an inci

pient southern extension of the Diablo Platform during the

late Paleozoic.

By Wolfcampian time the Chihuahua Trough had pro

bably developed. The Delaware Basin had become a strong

negative feature northeast of the Diablo Platform. Episo

dic subsidence of the basin occurred as it filled during

the Permian period.

Basin margin reefs of the Capitan limestones help

delineate the ancestral Delaware Basin. The Capitan Reef

is not exposed between the Baylor and Apache Mountains, but

reefs in the Bonesprings and Victorio Peak limestones mark

the basin margin of the preceding Leonard epoch.

Facies changes in the Diablo Plateau indicate the

Leonard-age basin margin was probably six kilometers shelf-

ward (west) of the Guadalupe reefs. The reefs are well

developed along the Victorio and Babb Flexures, implying

that the flexures were still actively warping during the

mid to late Permian.

Many west-northwest striking high-angle normal
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faults in the Diablo Plateau and Delaware Basin were formed

before, during, and after the Permian period.

From the end of the Permian to the late Jurassic

period a broad regional uplift raised much of western

Trans-Pecos Texas and northern Chihuahua above sea level.

This emergent and eroding surface was named the Wichita

Paleoplane by R.T. Hill (1902).

The Chihuahua Trough was a strongly negative fea

ture by the late Jurassic period and received more than

6000 meters of mostly Cretaceous sandstone, shale, and

limestone from surrounding areas including the Diablo Plat

form before it was deformed by the Laramide orogeny. A

thin stratum of lower Cretaceous carbonate units with minor

mudstone was also deposited on the Diablo Platform.

Eastward thrusting during the Laramide orogeny of

mid-Mesozoic to early Cenozoic time compressed the thick

fill of the Chihuahua Trough against the stable Diablo

Platform. Large scale block faulting and vulcanism domina

ted the tectonic history of the region following the de

formation of the Chihuahua Tectonic Belt (Figure 6, C) .

Igneous activity in the late Eocene or Oligocene

barely disturbed the old rock. Later Tertiary vulcanism

produced small isolated stocks. Albritton and Smith (1965)

suggested that withdrawal of a large volume of magma during
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vulcanism might have triggered differential subsidence

and block faulting.

Block faulting and strong uplift in middle Oligo

cene time (DeFord, 1959), or during middle or late Miocene

time (Wilson, 1965; Haenggi, 1966), or possibly at differ

ent times in different parts of the region, produced the

present structural configuration of Trans-Pecos Texas

(Figure 6, D) .

The intermontane bolsons received thick deposits of

alluvium from the high-standing fault scarps formed by this

movement. Younger alluvium and river gravel cap the bolson

fill in many basins.

Minor faulting, including that described in this

thesis, has continued since the late Tertiary. Typical of

Basin and Range topography, these and the older Tertiary

faults have been superimposed on old zones of weakness.

Displacement on the faults that bound Salt Basin is

mostly unknown. However, King (1965) estimates the throw

on the east Baylor Mountain fault to be between 450 and

700 meters, down to the east, and the displacement on the

reactivated Hillside fault to be at least 90 meters down

to the north.

Stratigraphy

The stratigraphy of the classic Pennsylvanian and
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Permian reef facies that form the walls of Salt Basin gra

ben is one of the best known and frequently discussed

sequences in American geologic literature.

Lloyd (1929) is most often given credit for first

recognizing that the Guadalupe Mountains are an exposure of

a reef facies which surrounds the entire subsurface Dela

ware Basin. P.B. King (1948) provided the most famous dis

cussion of the area's stratigraphy. His 1965 professional

paper on the Diablo Plateau included a complete strati-

graphic column for the west side of Salt Basin.

P.T. Hayes (1964) described the stratigraphy of the

New Mexico portion of the Guadalupe Mountains. The cyclic

nature of Delaware Basin sedimentation has been discussed

by F.F. Meissner (1972) and J.G. Elam (1967).

R.J. Dunham (1972), J.C. Harms (1974), Newell et

al. (1955) and J.L. Wilson (1975) have modified the group

ing and interpretation of the reef stratigraphy.

P.C. Twiss (1959) and Hay-Roe (1958) under the

direction of Professor R.K. DeFord measured and recorded

the stratigraphy of the Van Horn Mountains the Wylie Moun

tains, respectively.

References to these and other authors of germane

stratigraphic papers are included in Appendix I.

Unfortunately, the stratigraphy pertinent to the
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problem addressed by this thesis is mostly unknown. Map

ping was restricted to the floor of Salt Basin graben. The

above references will serve only to indicate the composi

tion of the fanglomerates deposited in the basin and the

approximate sequence in which they should have been deposi

ted.

King (1948) described the younger basin deposits

near the Patterson Hills; DeFord and Bridges (1958) and

Schulenberg (1958) worked out much of the younger strati

graphy for the basins in the Rim-Rock country. The Quater

nary stratigraphy of the Davis Mountains was described by

Albritton and Byran (1939) . So far, none of the strati-

graphic nomenclature has been extended throughout Salt

Basin graben.

Fortunately, knowledge of the exact stratigraphy

at depth in bolson material is not crucial to the mapping

of Quaternary faulting. However, knowledge of the nature

of the bolson fill is required.

Angular to rounded gravel which originates upslope

from the drainage area covers the alluvial fans, particu

larly the steeper slopes. Much sand and silt may be de

rived from the weathering of chert from the limestone and

from the destruction of sandstone exposed in the adjoin

ing mountains (Strain, 1958) .
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The decay of limestone and dolomite and the destruc

tion of shale in contiguous areas will form clay, as will

the weathering of feldspathic minerals in the igneous rocks

of nearby mountains. Weathering of Pleistocene volcanic-

ash falls (possibly the Pearlette series) and earlier Ceno

zoic ashes produced the bentonitic constituents of the clay

(Strain, 1958).

The interstratif ied gypsum, salts and other eva-

porites were probably derived from the Permian strata about

the basin of deposition by capillary action in the basin

playas. Kinsman (1976, oral communication) suggested that

present rainfall in the extensive drainage basin may carry

enough dissolved chloride to form modern salts.

Caliche permeates the fans. It may be found as

nodules, coatings on gravel, crusts, or in large flaggy

exposures in stream beds. Frequently, exposures of two,

three and four caliche horizons will occur in a single

channel wall, probably indicating the unstable level of the

local water table due to drought or tectonism.

Climate and Vegetation

The climate, native vegetation, and fauna of Salt

Basin graben are typical of the northern Chihuahua desert.

Most of the yearly average rainfall of 22.5 centimeters



falls during the months of July and August, generally as

cloudbursts that produce flash flooding.

Since the 1940' s Salt Basin graben has seen in

creasing use of the basin floor by both cattle ranching and

irrigated farming. The Dell City area has over 20,000 acres

under irrigation, and presently the Van Horn-Wildhorse area

has over 30,000 acres. Plans are being made to double the

Wildhorse area in the next few years. The major crops, in

order of importance are: alfalfa, onions, wheat, cotton,

corn and sorghum. The acreage of each of the crops varies

from year to year as the market fluctuates. This, in turn,

will cause the water budget to fluctuate from year to year

as many of the crops require moist soil.

Drought can mean an extended period of time during

which precipitation is below average. Using the word in

this sense it may be observed that the southwestern pro

vinces of the United States have experienced a series of

droughts in the last one hundred years. The first drought

prevailed from 1887 to 1898; the second, from 1907 to

1918; the third, from 1930 to 1940; and the fourth, from

1950 to 1956 (Thomas, 1962). This region is presently in

the midst of yet another drought.

Besides the occurrence of decadal droughts every

twenty years, a larger drying cycle must have an effect on
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the soils of Salt Basin. Several workers have described

evidence of the existence of large Pleistocene lakes.

King, in his 1948 paper on the geology of the Guadalupe

Mountains, discussed reports of earlier travelers in this

region finding waist-high grass growing in Salt Basin,

where desert shrub now grows .

Summary of Hydrology

The 22,000 square kilometer drainage basin was des

cribed by Udden et al. (1916) as the only enclosed basin

in Texas formed by tectonic or deformational activity. The

divides to the north and to the east separate the drainage

basins of the Pecos River and Salt Basin. The streams

south and west of the graben, except in the immediate

vicinity of the Rio Grande, drain into Salt Basin. The

drainage basin is delineated in Figure 7.

All streams in this system are ephemeral. Sediment

transport occurs only during occasional local storms.

These sediments are deposited in the basin forming a bajada

with numerous coalescing alluvial fans. Streams crossing

the surfaces of these fans are consequent except where

faulting has caused a disruption of the drainage pattern.

Most streams are strongly braided and alternately aggrade

and entrench down slope.
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Figure 7. Drainage Basin of Salt Basin Graben

adapted from the map by Erwin Raisz (1939) .
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Most of the subsurface water enters the basin

through Crow Flat in the north and through Lobo Valley and

Michigan Draw in the south. Groundwater flows down to the

alkali lakebeds located in the sinks of Salt Basin where it

is drawn off by evaporation. Groundwater recharge occurs

primarily during and after heavy rainfall because only

then does the rate of precipitation exceed the rate of

evaporation (Hood and Scalapino, 1951) .

Playa lakes form at the termini of the alluvial

fans and cover tens of square kilometers after a pluvial

period. The usually dry lakebeds are covered with salt at

the northern end of Salt Basin and with fine clayey silts

and sands at the south end. These lakes, locally named the

"Dry Salt Lakes", have concentrated a considerable amount

of halite and were economically valuable in the last cen

tury (Figure 8) .

Before intensive irrigation was established north

east of Van Horn in the area locally called Wildhorse Flat,

Wildhorse Creek used to feed playa lakes at the base of the

Baylor Mountains and near Plateau. Runoff from the Scott

Canyon fan contributed to the small lakes in the northern

and northeastern portion of Wildhorse Flat.

Field evidence and aerial photograph interpreta

tions suggest that this area had once been covered by much
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Figure 8. Looking northeast toward El

Capitan Mountain. The first battle of

the "Salt War" was supposedly fought on

this Salt Lake at Crow Flat, Texas.
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larger lakes, probably during the much wetter Pleistocene

period. King (1948) suggested the lake in the north end of

Salt Basin may have been twelve meters deep near the center.

Physiography of Salt Basin

Several major ephemeral streams debouch into Salt

Basin. Eightmile Draw drains the largest sub-basin in the

system. Its dendritic pattern of arroyos covers most of

the Diablo Plateau. Residents of Dell City, fifteen kilo

meters north of the stream's mouth, describe frequent and

severe flash floods during July and August filling the nor

mally dry salt lakes to the east and south of the community.

Flooding of the lakes in August, 1966 was reported to be of

sufficient depth to allow boating in small craft.

Wildhorse Creek drains most of the southern section

of Salt Basin graben and Eagle Flat. One of its reaches,

Chispa Creek flows northward through Lobo Valley and is the

longest single stream in the graben. Prior to the installa

tion of earthern dams for flood control, Wildhorse Creek

regularly flooded the Wildhorse basin area.

The third largest stream draining into Salt Basin

is Michigan Draw. This stream network drains the southern

Apache Mountains, the Plateau area, the northwestern Davis

Mountains and the eastern Wylie Mountains. Although pre

sently draining the southeastern side of the graben,
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this drainage was only recently integrated. According to

M.D. Means, a local rancher (oral communication, quoted by

Humble, 1951, p. 11 in Hay-Roe, 1958), "the southern part

of Michigan Flat was a series of small playas until the

early part of the century, when Michigan Creek cut through."

There are several areas throughout Salt Basin where

a number of the smaller streams converge and create poten

tially dangerous flash flood conditions during the rainy

season. Some of the larger areas are: the mouth of Sulfur

Creek, Victoria Canyon, the Scott Canyon fan, and Guadalupe

Arroyo. Before the diversion levee was built, Van Horn

was frequently flooded by Hackberry Creek (Wiley, 19 73) .

Alluvial fans built by these streams are the prin

cipal geomorphic features in the basin. The alluvial fans

in Salt Basin have headward slopes ranging from four to ten

percent. These surfaces grade into plains with slopes of

three to less than one percent. These gently sloping sur

faces terminate at the edges of playa lakes, forming a bol

son. The fans in the southeast corner of the basin are an

exception. These grade into a surface of parallel rills

and low longitudinal dunes.

As most of the larger fans terminate in or against

playa lakes, the lakes tend to develop arcuate outlines

when flooded. Evaporation of the flood waters causes the
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solutes to become concentrated. This in turn will accele

rate the evaporation rate causing the bulk of the salts to

be deposited in the lowest part of the lake bed. During

the dry months the shallow alkali groundwater is drawn up

to the lakebeds by capillary action. Under these conditions

the water would become more saline as it neared the surface.

Expansion of the lakebed silts and clays by crystallizing

salts and evaporites produces a rough friable surface

(Krinsley, 1970) . This loose material is easily ablated by

wind, lowering the surface of lakebed and forming flat,

steeply bounded depressions (Figure 9) .

Several circular "islands" are outlined by the playa

lakes and dunes in the northern portion of Salt Basin. Two

of the largest are located in the playa at the base of the

Dell City fan. Their elevations are between seven and

thirteen meters above the basin floor, high enough to create

a wind shadow allowing dune deposition immediately northeast

of them. I was not able to examine these features per

sonally; however, I suggest the most likely explanation of

the origin of these features is aeolian development. The

1953 aerial photographs show nearly horizontal stratifica

tion where a small stream has cut into the northeastern face

of the largest circular form.

The orientation of the sand dunes throughout Salt



Figure 9. Looking east toward El Capitan
Mountain (left) and the Guadalupe Mountains
from the Dell City fan. Notice the dif
ference in elevations between the basin
floor and the floor of the Salt Lake (cen
ter, left) .
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Basin indicates a fairly constant wind direction out of the

southwest. According to Professor R.K. DeFord (oral com

munication, 1976) , these winds gust up to 95 k.p.h. during

the months of July and August.

The windblown sands are of two types, a coarser

reddish sand and a white gypsum sand. The darker, reddish

colored sands were probably winnowed from the alluvial fans.

The red tone may either be inherited, i.e., the sands were

derived from the red Van Horn Sandstone, or developed.

Quartz and other silicates frequently develop a magnesium-

iron-rich coating known as desert varnish when weathered in

arid environments (Cooke, 1973) . The white gypsum sand was

probably derived from the evaporites on the lake floors and

from the gypsum beds found in the surrounding Pennsylvanian

and Permian rocks.

The darker sands form the larger individual dunes

and cover a larger area of the basin than do the gypsum

dunes. The dark sand seems to be less easily transported.

Its most common occurrence is in fields of low longitudi

nal dunes parallel to the northeasterly wind direction.

There are a few seemingly stabilized barchans, but these

are partially covered by the smaller, better formed bar

chans of gypsum sand.

The gypsum dunes are much more mobile. A change in
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dune position to the northeast is clearly seen when aerial

photographs taken in 1951 and 1953 are compared. In the

photographs a draa-type barchan composed of gypsum sand

appears to have migrated toward the base of the Guadalupe

Mountains .

Further south, in the more clayey basin fill, giant

desiccation polygons have developed in the Wildhorse sub-

basin, east of the Baylor Mountains. The origin of these

unusual features will be discussed later.

The "famous salt lakes of Texas
"

(Streeruwitz, 1890)

are not the only economically valuable features in Salt

Basin. A copper and silver deposit was concentrated along

joints in the Hazel fracture zone of the Sierra Diablo.

Opened in 1856, the Hazel Mine produced over 1.1 million

kilograms of copper and between 113,000 and 142,000 kilo

grams of silver before flooding forced its closure (Mc-

Anulty, 1971) . The mine is on the Baylor Mountain Ranch

and may only be visited with the permission of the ranch

operators .

Talc is mined from Tumble Down Mountain (west

Beach Mountains) along the southern extension of the Hazel

fracture zone on the McVay (Yates) Ranch.

T.A.A. Inc. operates a marble quarry in Marble

Canyon on the Figure Two Ranch, 50 kilometers north of Van
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Horn. The limestone was metamorphosed about a small

volcanic stock. Bridge (1966) mapped the contact aureole

and characterized it as the "first complete sequence of

anhydrous mineral phases to be described from a single con

tact zone".

Other mineral occurrences about Salt Basin graben

are described by McAnulty (1971) .

PREVIOUS INVESTIGATIONS

The region abooit Salt Basin graben remained vir

tually unknown to the Trans-Atlantic cultures until the

latter part of the eighteenth century. The first surveys

including geology were not made until the latter half of

the nineteenth century.

J.R. Bartlette (1854) was the first to describe the

geology in the graben area. J. Pope (1855) and G.G. Shumard

(1858) followed shortly thereafter and filed more complete

descriptions of the region. Von Streeruwitz (1890) crossed

the southern section of Salt Basin and described its econo

mic potential. R.T. Hill (1900) named Salt Basin "Howard

Bolson". This name did not last, as "Salt Basin" was used

by the subsequent surveys under the direction of E.T.

Dumble and later, by J.A. Udden during the first decades of

this century. G.B. Richardson (1914) compiled the first
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atlas-folio on the Van Horn area. Udden, Baker, and Bose

(1916) related the graben to the Cordilleran Province.

Work done in the thirties and forties was dominated

by P.B. King. Most of the papers were directed toward the

stratigraphy of the Delaware Basin and include Salt Basin

as an aside. Papers by Bybee (1931) and Sellards and Baker

(1934) are notable for their inclusion of the depth and

shape of the graben valley in their discussions.

R.K. DeFord and many University of Texas graduate

students produced most of the information known about the

southern section of Salt Basin graben during the 1950 's.

A list of the graduate students under the direction of

Professor DeFord is included in Hay-Roe (1958) .

Articles written during the 1960 's and 1970' s are

probably best characterized as discussions of the regional

geology. The Texas Lineament was frequently discussed.

The most notable of the lineament papers are by Muehlberger

(1965), Albritton and Smith (1957, 1965), and Wiley and

Muehlberger (1970).

Kelly (1971) , Twiss (1970) , Underwood and DeFord

(1975) , Chapin Seager (1975) , and Belcher and Goetz (1977)

have addressed the question of recent faulting and the

relationships between the bolsons of Trans-Pecos Texas and

southeastern New Mexico. Investigations carried out using
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geophysical techniques were done by Elam (1967), Wiley

(1970), Decker and Smithson (1975), Gates and White (1977,

in press) and Dorman (1977, unpublished report) .

A second group of researchers are in the process of

re-evaluating the classification and interpretation of the

regional stratigraphy. These authors are included in the

discussion of stratigraphy earlier in this thesis.

A more complete listing of previous literature per

taining to Salt Basin may be obtained from the bibliogra

phies of P.B. King (1948 and 1965), and M. Wiley (1970).

PROCEDURE

Field Mapping Techniques

Prior to undertaking field mapping in Salt Basin

graben, all available aerial photographs were studied. The

list of photographs includes a variety of imagery types.

An enlarged black and white ERTS image, taken on

September 23, 1973, was obtained, but unfortunately the

image was not clear enough to identify faults. However,

it was sharp enough to determine that the shape of the

flooded lakes differed slightly from that of the dry lake-

beds.

An uncontrolled color mosaic of Texas and New
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Mexico, assembled in 1975 from photographs taken during

Skylabs 2, 3, and 4, clearly showed the regional relation

ships about the north end of Salt Basin. Again it was not

sharp enough to discern the much smaller scale faults in

Salt Graben.

The most useful of the photos taken from an orbit

ing platform was a true-color 1973 photograph taken with a

Skylab S-190A multispectral camera. This photograph (maga

zine 39, frame 166) encompasses most of Salt Basin graben,

from the Guadalupe Mountains to the Mexican highlands. It

clearly shows the relationships between the geomorphology

of the basin and the constructional features, many of which

are not yet included on topographic maps. While it is pos

sible to pick out the larger of the recent fault scarps,

the smaller scarps, whose relief is less than one and a

half meters, are not visible. The infra-red copy of this

frame was not useful.

Attempts to use the N.A.S.A. low altitude, flight

110 (1965) photographs were first hampered by the listing

of two flight 110 's in the N.A.S.A. catalogue. The second

flight 110 covered Galveston, Texas. It was not apparent

until the film was screened that the wing cameras had

failed one frame short of Salt Basin. This omission is not

included in the N.A.S.A. catalogue.
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Preliminary mapping was done from a sixty photo

graph mosaic of 22.5-centimeter square black and white

aerial photographs taken by the U.S. Department of Agricul

ture between November and December, 1953. This assemblage

was part of the mosaic used by the Texas Bureau of Economic

Geology to complete the El Paso-Van Horn portfolio sheet

(1975) . Interpretation of the Holocene geology in these

photographs was hindered by heavy ink lines obscuring con

tacts between landforms.

Once in the field, the logistics of mapping were

determined from a mosaic of 30-centimeter square black and

white aerial photographs made available by the Soil Con

servation Service offices of Hudspeth and Culberson coun

ties. These photographs, used to compile soil survey maps,

included the 19 53 series and were augmented by photographs

taken in 1957. Mapping was done by plotting the linea

ments visible in the photographs on to a blue- line map,

scale 1:62,500, supplied by the El Paso office of the U.S.

Geological Survey. The two sheets that compose this map

make the first complete detailed topographic map of Salt

Basin and Salt Flat, Texas. Features that appeared to be

recent faults were then field checked, and other recent

faults spotted in the field were later cross-checked

against the photographs.
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The bulk of the field work was done during the sum

mer months of June and July, 1976. Field checking was

accomplished by driving to the selected site before sunrise,

walking out the scarps, and returning to Van Horn at noon.

A second area was covered later in the afternoon after the

day's heat and haze had dissipated and the low sun angle

could again be used to advantage.

Once the field map was completed, it was checked

against stereopairs drawn from an unmarked 1953 black and

white photomosaic assemblage (identical to that of the

B.E.G., University Texas) supplied by the N.A.S.A. grant.

Discrepancies between the apparent photo-lineaments and the

field maps were field checked during the first week of

February, 1977. The last step in completing the map of

recent faulting was to rent a small plane and fly over the

alluvial fans at a low altitude. Photo-lineaments on in

accessible land were checked in this manner.

Aerial Photography

Before any fault scarps could be recognized, it

was necessary to determine the geomorphology of an undis

turbed arid basin system. As described earlier in the the

sis, a bolson is characterized by semi-circular alluvial

fans which radiate from the narrow canyon mouths at the
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base of the surrounding mountains. Both the steepness of

the fan's dip and the size of the fanglomerate particles

quickly decrease as the fans spread and coalesce basinward.

Lakeshores at the base of the fans may be expected to have

minor beach deposits, and wave-cut benches would be scarce

as the duration of the standing water is brief. Lakebeds

in Salt Basin are rarely water covered for more than a few

weeks. Once filled, the water line rapidly recedes as the

intense heat during the rainy period and the low slope of

the lakebed (less than one percent) combine to create op

timum evaporation conditions. The outline of the playa

lakes should be highly irregular due to transgression of

windblown sands and the eccentricities of the nearly level

basin floor. Where alluvial fans have built out into the

lakes, the shoreline should be correspondingly concave.

The most obvious appearance of a fault scarp in an

aerial photograph is that of a dark lineament high on the

fan's flank bearing orthogonally to the fan's slope

(Figure 10, B) . The darkness may be due to the scarp's

shadow, a change in soil type and hence a change in its

albedo (Figure 10, C) , or, most commonly, the preferential

growth of brush along the normally better irrigated frac

ture.

Unusual topographic shapes, particularly straight



Figure 10, A (from 1953 U.S. Government Mosaic). Fault

scarps (arrows) along the Babb Flexure and north along the

Diablo Plateau. Notice the photolineaments in the upper

half of the photograph. One trends northwest through the

northern Salt Lake. The other, beginning near the well,

bears southeast toward the eastern side of the southern

Salt Lake. Two photolineaments, in and just north of the

southern Salt Lake bear east, parallel to the trend of the

lake and the fault scarps on the fan. Figure 10A is west

of Figure 10B.
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Figure 10, B. Fault scarps bounding and cutting Apache

Canyon fan. The long north-south scarp was mapped by

P.B. King (1948). Figure 10B is east of Figure 10A and

west of Figure IOC.



Figure 10, C. Fault scarp in fan west of Bitterwell Moun

tain. A bedrock outcrop is bounded by fault scarps north

of the tank. Notice the unusually sharp boundary between

Bitterwell Mountain and the fan surrounding it. See text

for further comments. Figure IOC is east of Figure 10
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edges, may indicate fault activity. Figures 10, A and 10, B

show allvual fans terminating in sharp "benches". These

"benches" are almost all orthogonal to the slope of the

fans. Normally, alluvial fans develop broadly arcuate

fronts (Cooke, 1973). The possible effect of wave action

cutting these "benches" when water reaches the fan edges

may be discounted due to the short duration of the floods.

By the same token, straight edges on the playa lakes should

be regarded with suspicion. Several of the salt lakes near

Dell City have straight shores that trend in the same direc

tion as nearby faults.

Exceptionally sharp and straight boundaries between

mountain fronts and alluvial fans observed in conjunction

with the appearance of smaller fans resting atop the

larger well developed fan surfaces suggest recent movement

along this interface. An example of this is in Figure 10, C.

Notice the extremely sharp boundary between Bitterwell

Mountain and the fan which surrounds it. This suggests the

basin has been down-dropped relative to the mountain.

A more subtle change in topography indicating re

cent faulting is a change or disruption in the stream pat

terns. These anomalies may also suggest the relative youth-

fulness of a fault. Streams may be offset across the

fault (northwest corner of Bitterwell Mountain in Figure
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10,C). or the depth of incision may change abruptly as the

streams cross a fault (southwest corner of Bitterwell

Mountain). In both cases, the anomalies have occurred on

several streams and are closely aligned over a kilometer and

a half distance. The streams on the mountain side of the

lineaments appear to be more deeply incised. This sug

gests the lineaments are faults and the relative movement

was down to the basin. This in turn would lower the

stream's baselevel and thereby cause the "upthrown" reach

of the stream to become more deeply entrenched.

The youthfulness of the faults southeast of Dell

City is suggested by evidence found in the aerial photo

graphs. The photographs show the mouth of Eightmile Draw

to be cut by several northwest-bearing lineaments which are

now known to be faults. These scarps, usually less than a

kilometer long and two meters high, have formed an en

echelon pattern that has remained sharp and distinct des

pite being crossed by frequent and severe flash floods.

A feature that cannot be distinguished by field

mapping but is noticeable in the photographs is the align

ment of certain discontinuous topographic features over

distances of several kilometers. Besides the northwest

alignment of straight shore lines on several of the lakes

near Dell City, many of the lakebeds are also crossed by
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lineaments (tonals) bearing northwest. These lineaments

are continued across the floor of the basin by oriented

dune deposits. An example of one of these northwest-bear

ing photolineaments may be seen in Figure 10, A.

Field Identification of Fault Scarps

Several difficulties were encountered in the process

of field checking the photo-lineaments. Chief among these

was the subtlety of the faults' expression.

Rarely exceeding two meters in relief, the fault

scarps are readily confused with stream levees and apparent

alignment of fan lobes. The scarps are nearly impossible

to discern when viewed from upslope as displacements were

universally down to the basin. The fault scarps are most

easily seen from a distance of a kilometer or more down-

slope. At this distance the abrupt change in the fan's

slope is obvious. However, as one proceeds up the fan to

ward the scarp, its features become obscure. The linearity

of the scarps, easily seen over its total length of a kilo

meter or more is camouflaged by the fan's curvature and

smaller scale irregularities of the fracture. Occasionally,

the scarp has a lobate appearance when viewed up close.

This appearance is enhanced by the rounded slope of the

fanglomerates forming the scarp's face.
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Presumably, when faulting suddenly removed the

basinward support from the top of the unconsolidated fan

detritus, the exposed footwall responded by slumping forward.

Post-faulting erosion has rounded and dissected

some of the scarps giving them a bight-and-cusp expression.

Often a scarp may be hidden by scrub-brush that is taller

than the scarp.

The fault scarps are most easily seen when the sun

angle is low. When the face of the scarp is lit, its

caliche and gravel-covered surface has a much higher albedo

than that of the flatter soil and brush-covered fan. When

shadowed, most of the scarps form sharp black lineaments

(Figure 11) . Heat shimmer, dust raised by convecting air

currents, and the lack of relief makes locating fault scarps

exceptionally difficult when the sun is high.

The twenty-year-old aerial photographs created a

technical difficulty. While photolineaments could be

easily located in the photographs and plotted on the topo

graphic maps, it frequently happened that the ranch roads

indicated to be near the scarps were no longer used and

hence overgrown or fenced off.

The north-striking fault scarp on the northeast

corner of the Apache Peak fan was mapped in 194 8 by P.B.

King and is the longest scarp in the thesis area. This
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Figure 11. Looking west toward Victorio

Peak fan. Dark lineament near center of

fan is a fault escarpment with approximate

ly 3 meters relief.
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fault will be referred to as "King's Fault" throughout the

remaining text. The scarp dies out abruptly at its south

ern end. Four kilometers to the north the fault bifurcates.

Each of these branches may be traced another kilometer to

the north. The exact position of the northern terminus is

unknown as both branches cross into silty lakebed deposits

where erosion could have quickly effaced the scarps

(Figure 10, B) .

This fault served as a model used to recognize

faults within alluvial fans. Figure 12, A is a view to the

south of King's Fault. Figure 12, B is a sketch done from

the photograph simplifying the geomorphology. Notice the

characteristic break in the slope of fan along the horizon.

The white lineament in both illustrations is the fault scarp

which has a displacement of one to two meters .

The break in slope is shown even more clearly in

Figure 13. In this picture and in Figure 14, an oblique

view along the strike of King's Fault, one can see the

coarse gravel cover on the face of the scarp. The increased

slope of the scarp, relative to the fan, enables the perio

dic sheet floods to carry off larger size particles from the

scarp face than they normally could from the fan. The re

sult of this sudden and short increase in erosion capabili

ty is that the fault scarp becomes armored with a coarser



Figure 12,A. Looking southwest at King's Fault and Apache

Peak, along the Sierra Diablo.
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Figure 12, B. Sketch made from above photograph exaggerates the
geomorphology shown in the picture. The white lineament in both

froTmeters
^ f Kin9'S F3Ult- ReUef alon* the scarp is
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Figure 13. Looking west at the face of

King's Fault scarp and the Babb flexure.

The truck (2 m high) is resting on the

fault scarp.



Figure 14. An oblique view to the north

along King's Fault scarp. El Capitan
Mountain is in the center background.

Notice the armor of caliche cobbles on

the face of the scarp.
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pavement than either the upper or lower fan surfaces. Fre

quently, the upper fan surface is covered by desert pave

ment with individual cobbles of three to ten centimeters in

diameter. The lower fan surface tends to be less well

sorted.

The winnowed silt and clay from the upper fan sur

face and from the face of the fault scarp are deposited at

the base of the scarp. Here the fine sediment is often

protected from the wind.

The youth of King's Fault is indicated by the poor

ly developed nick points along its length (Figure 15) . Ex

cept for the arroyos cut by major fan streams, the nick

points were on average of eleven meters upslope from the

main scarp. Many of the stream channels had multiple ter

races, a phenomenon which could be produced by either varia

tion in local climate or multiple movements along the fault

trace. While the streams crossing the upper portion of the

fan were deeply incised, the much shallower streambeds on

the "downthrown" portion of the fan had frequently meander

ed or shifted position. This may have been the result of

a temporary increase in the overall slope of the fan due

to normal faulting. In order for the streams to "return to

grade", it would have been necessary to downcut the head-

ward reaches and aggrade the surface below the scarp. The
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Figure 15. Looking east-northeast from

King's Fault (diagonal center) toward the

Delaware Mountains. El Capitan Mountain

is to the far left and Bitterwell Mountain

is to the far right. Notice how quickly
the fault dies out in the lower right cor

ner of the photograph.
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scarp would have behaved as a fulcrum to the stream system.

Clark (1968a, b) described the 1967 Borrego Moun

tain, California earthquake of intensity VII (Mercalli

scale) . Like the Valentine earthquake, it too occurred in

a desert basin area. However, in contrast with the probable

normal dip-slip movement of the Valentine earthquake, the

movement during and immediately after the Borrego Moun

tain earthquake was predominantly oblique strike-slip.

Clark showed that the major fault scarps were frequently

accompanied by smaller parallel fractures, usually on the

downslope side of the fault trace. Smaller linear features,

such as aligned vegetation and smaller fan breaks are para

llel and downslope from King's Fault. These may be the

remnants of subsidiary fractures equivalent to those of the

Borrego Mountain earthquake.

Lakeshore faults form another classification of

normal fault scarps in Salt Basin. No other features could

be identified in the field that had not been seen on the

photographs. These faults cut the toe of the alluvial fans

and form linear scarps which act as lakeshores when the

playa lakes flood beyond capacity (Figures 10, A and 10, B) .

The contrast of the geomorphic surfaces on either side of

the lakeshore scarps is more distinct than that of the mid-

fan scarps. Like the mid-fan scarps, lakeshore scarps are
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mantled with a coarser gravel than either of the two adja

cent surfaces. However, the basinward surface, or the

downthrown surface, is frequently covered with very fine

evaporite-rich playa deposits. A recently developed fea

ture related to these scarps is a network of unimproved

ranch roads built along the edge of the up-thrown surface.

It seems these surfaces are the most basinward stretches

that can be maintained with a minimum of flood repair.

A third type of recent fault scarp found in Salt

Basin which is distinguished by a change in geomorphic sur

faces across the fault scarp is the fault boundary between

bedrock and alluvial deposits.

South of Dell City, where the fault scarps strike

northwest, stream channels draining off the Bonespring

Limestone plateau are displaced down to the basin at least

three times along northwest-striking faults.

West of Bitterwell Mountain a kilometer-square

block of limestone is bounded east and west by northwest-

trending faults (Figure 10, C). The easternmost fault may

be the only recent east-dipping normal fault on the east

side of Salt Basin. Zones of caliche-cemented fanglomerate

and limestone breccia were found along the faults.

The largest of these bedrock-bounding faults in the

thesis area is along the base of Bitterwell Mountain.



67

Evidence described in the previous section on photo-

interpretation suggests that the floor of the basin has

recently been dropped down relative to the mountain along

a fault plane that defines the western limits of the moun

tain.

Similar relationships between alluvium and bedrock

valley walls may be seen in the north northwest-trending

valleys of the Apache Mountains. The vertical adjustments

within the western Apache Mountains appear to be related

to the tectonics of Salt Basin graben.

The most obvious of these active bedrock bounding

faults is a north-south striking fault just west of Van

Horn on the McVay Ranch (Yates Ranch on topographic map) .

In Figure 16 the sharp boundary between Pre-cambrian Van

Horn Sandstone and the Holocene alluvial fill is obvious.

The scarp is nearly continuous from a normal fault

in the Beach Mountains to the eastern front of Threemile

Mountain. The three meter wide massive caliche that marks

the fault trace is breached only once, at Hackberry Creek.

The flashy creek has flooded Van Horn to a depth of a meter

or more several times in the past (Wiley, 1973) . Displace

ment on this fault is down to the east and increases from

two meters at its north end to six meters at the south end.

Figure 17 is a ground-level view of this scarp. Mapping
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Figure 16. Looking northeast across Wildhorse

Flat toward the Apache Mountains and the Scott

Canyon fan. Beach Mountains are to the far left.

The tonal lineament is the scarp between the

Pre-cambrian Van Horn Sandstone (left) and the

Holocene alluvium (right) on the McVay Ranch

(Yates Ranch) .
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Figure 17. A ground view looking west at

the McVay Fault. The road dips into a

stream bed, then rises to cross the fault

scarp which strikes along the horizon.
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(Belcher and Goetz, 1977) indicates that the McVay scarp

is the northern member of a series of fault scarps which

cut the western alluvial fans of Lobo Valley.

Lineaments of thicker, more verdant, vegetation

frequently result from the concentration of moisture and

finer soils in the fracture zone of a fault. During the

summer months, when the fieldwork was done, most of the

vegetation appeared to be brown and parched. However, the

vegetation along the fracture zone formed a distinctive

green lineament easily mapped. The thickened growth of

brush at the base of King's Fault (Figure 10, B) and the

trace of a fault fourteen kilometers north of Van Horn in

the Beach Mountain fan (Figure 18) are examples of this.

Linear depressions formed by the collapse or com

paction of the basin fill within the fracture zones may

capture streams and divert the flow along the fault traces.

Examples of this may be seen at the base of the cliffs

north of the Babb Flexure (Figure 10, A) , at the head of the

Apache Canyon fan and in the Beach Mountain fan (Figure 18) .

The majority of recent fault scarps in Salt Basin

trend north or northwest and occur singly or in en echelon

patterns. The fractures about the Baylor Mountains are

the only linear features in Salt Basin bearing northeast,

and the faults parallel to the northern boundary of Sierra
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Figure 18. Looking south along the fault in
the Beach Mountain fan (green lineament in
center) . The Wylie Mountains are in the
haze in the distance. Notice the depression
in the alluvial fan parallel to the fault.
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Diablo are the only fault scarps to strike east-west.

King's Fault, which diverges northward, and the

southward diverging faults in the fans adjacent to the

southwestern corner of Bitterwell Mountain are the only

fractures which have splayed into two distinct arms. How

ever, some linear fault traces appear to be the result of

several parallel fractures such as the northwest-trending

fault near the northwest corner of Bitterwell Mountain

(Figure 19) .

One of the most unusual deviations from the region

al fault trends is the bend found in the fault swarm south

east of Dell City. The trend changes from north, south of

U.S. Highway 62-180 to northwest, north of the highway at

the longitude of Salt Flat. Individual fault scarps ex

hibit almost rectilinear bends to the northwest and main

tain their en echelon relationships all the way through the

deflection.

More subtle indications of alluvial faulting are

changes in the water table and in the salinity of the

groundwater. Alluvial faults will behave as semipervious

barriers (Williams, 1971; Clark et al., 1972; Castle and

Youd, 1972; Waanamen and Myle, 1972; Kreitler, 1976;

and Holzer, in press) . Pumpage on one side of the fault

causes pressure declines and aquifer or reservoir compac-



Figure 19. Looking northwest along the mul

tiple scarps in the fault zone, northwest of

Bitterwell Mountain. Notice the change in the

dry stream patterns as they cross the fault

toward the basin (to the left) .
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tion on that side of the fault and not on the other. Ten

sion on the ground surface may be produced by differential

sediment compaction caused by the elastic expansion and

shrinkage of the aquifer. This is translated to the sur

face as differential land subsidence or fault movement

along a pre-existing plane (Kreitler, 1976).

Hood and Scalapino (1951) describe a water table

barrier separating Lobo Valley from the Wildhorse sub-basin

of Salt Basin. The displacement along the east-west bar

rier is down to the north. The water table was found to

drop from 27 meters below the surface at Lobo to 120 meters

below the surface at Van Horn. The average slope of the

water table exceeded that of the valley floor and increased

from a uniform 2.3 meters/kilometer to 4.1 meters/kilometer

at the latitude of the south Wylie border fault. Hay-Roe

(1958) suggested a water table break, down to the south,

parallel to the south Wylie border faulting. Twiss (1959)

found evidence for this fault in the Van Horn Mountains at

latitude 3054'N and longitude 10449'W: "at this point a

north flowing stream makes a right angle turn and drains

eastward into Lobo Flat". He described this feature as a

down-to-the-south normal fault which divides Lobo Valley

and acts as a boundary between a half-graben in the south

and a full graben in the north.
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B.G. Baker (1952) described a distinct difference

in the groundwater in the north and south parts of Michigan

Draw: south of 3056'N the mineral content is comparatively

low but north of this line the water contains such quanti

ties of gypsum and other minerals as to be potable only to

livestock. Although Baker postulated a transverse anti

cline blocking the groundwater flow, Hay-Roe (1958) sug

gested a fault.

Gates' and White's (1977, in press) north-south

resistivity line (K-K' ) in Wildhorse basin terminates on

Highway 1-10 near the western Wylie boundary fault (Figure

5). When the east-west line G-G' along the highway is

compared to K-K* and the other lines crossing Salt Basin,

the evidence suggests that the basin is unusually shallow

in the vicinity of Wylie Mountain. This and the data of

Hood and Scalapino suggests that the fault or faults that

bound the north side of Wylie Mountain continue across Lobo

Valley and possibly Michigan Draw and that the groundwater

flow from the south is partially blocked by a horst block

which includes Wylie Mountain.

The alluvial faults of Salt Basin serve an impor

tant economic function by forming a semipermeable barrier.

The gouge zone of the faults apparently separates the

fresh water on the mountain side from saline water on the
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playa side. Mr. J. Gar lick, manager of the Figure Two

Ranch, reported locating sweet water above the "chalk line"

(King's Fault and other faults) and salty water below.

Most of the older wells below the faults had brackish water

while the six new wells drilled into the mountain side of

the fault produce sweet water (oral communication, 1976).

In one case the well was relocated less than half a kilo

meter above the old well. A survey about Salt Basin will

show that most of the wells presently in use for cattle

ranching are located above the fault scarps.

Giant Desiccation Polygons

Giant contraction cracks polygons have developed in

a restricted portion of the Salt Basin playa. These frac

tures are located in "Wildhorse Flat" on the terminus of

an alluvial fan originating in the eastern Baylor Mountains

at 31 15'N latitude, 10443'W longitude (Figures 20 and 21).

They were first noticed on a 1946 Edgar Tobin aerial

photograph and again on a 1953 aerial photograph. Pratt

(1958) photographed and discussed the growth of these fea

tures. Underwood and DeFord (1975) described the Baylor

Mountain fractures and compared them to those on Eagle Flat.

In February, 1977, I had the opportunity to fly over and

photograph these polygons. Figure 22 shows the develop

ment of these fractures sketched from aerial photographs
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Figure 20. Looking east across the northern

half of the giant desiccation cracks in the

Baylor Mountain fan. Light colored linea

ment crossing north-south is a ranch road.
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Figure 21. Looking east across the southern

half of the giant desiccation cracks in the

Baylor Mountain fan. The Apache Mountains

are on the horizon.
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Figure 22A. Orthogonal views of the giant
desiccation cracks.
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Figure 22C.
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taken in 1946, 1953, 1957, 1961, and 1977.

The region's long history of drought has already

been discussed in an earlier section of this thesis. The

groundwater level is a critical factor in the development

of giant desiccation cracks and the combination of drought

and pumping for irrigation strongly affect its position.

Figure 23 shows a plot of the water level fluctuations in

the wells of Hudspeth and Culberson counties. Only select

ed wells were measured by the Texas Water Development Board;

they were neither measured every year nor at regular inter

vals. It is important to note that the number of wells

has increased greatly and that they draw water from several

different aquifers.

It can be observed that for every year since the

records began in 1948, excepting 1949, 1956, 1961, 1966,

1967, and 1972, the number of wells whose water level fell

three meters exceeded or equaled the number of wells whose

water table rose three meters.

Water well 47-43-701 pumps from the Salt Basin

aquifer. Its location, less than a kilometer north of the

giant contraction cracks, gives a measure of the conditions

under which the fractures grew. The water level fell twelve

meters between 1953 and 1964. It rose nine meters between

1964 and 1965. Between 1965 and 1970 the water table re-
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mained within a half meter of the 1965 level. The level

fell four and a half meters in the year 1970-71 and rose

the same amount in the ten months between February and

December, 1971 (Texas Water Development Board, 1977).

Figure 24 shows the Texas Water Development Board's records

for this well and four other wells located in the vicinity

of the giant conraction cracks.

A discussion of the theories pertaining to the

origins and propagation of giant contraction cracks (desic

cation polygons) is included in Appendix II. The following

discussion is restricted to the origins of the Baylor

Mountain contraction cracks.

The most important process contributing to the

formation and growth of the giant contraction cracks at the

base of the Baylor Mountains is desiccation. The condition

of prolonged drought in Salt Basin and the increasing rate

of water withdrawal in the Wildhorse sub-basin combine to

create a severe drying effect both on the playa surface

and sub-surface.

Resistivity work by Gates and White (1977, in press)

indicates a large percentage of clay in the soils frac

tured by desiccation. The soils of the playas and fans in

the Wildhorse sub-basin are rich in carbonates, particular

ly calcite, as they are weathered from the limestones of
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the Beach, Baylor, and Apache Mountains, as well as the

Diablo Platform. Sheet silicates may have been derived from

the sandstone units and talc deposits further upstream from

the playas. Thus the soils supporting these fractures have

many of the characteristics indicated by Langer and Kerr

(1966) as conducive to desiccation fracturing.

Three geologic processes are suggested as possible

causes of the directional stress fields necessary to produce

the observed oriented orthogonal pattern of the desiccation

cracks.

The simplest explanation is that the fractures are

relict, inherited from the drying of Pleistocene lakes. The

original primary fractures would have paralleled the reced

ing lakeshore while secondary fractures would have developed

orthogonal to the lakeshore. The present fracture patterns

are not confined within the boundaries of the older lakes.

Instead, the fractures appear only on the west side of the

sub-basin in three or possibly four different locations.

These align in a northerly trend subparallel to the fault

scarps left by Quaternary tectonism (Figure 25) .

The continuing subsidence of the western side of the

basin floor, coupled with the lowering of the piezometric

surface by drought and pumping, could cuase the groundwater

surface to withdraw down a slope. This would also create an



FIGURE 25. SUBPARALLEL ORIENTATION OF ALLUVIAL FAULT SCARPS AND GIANT DESICCATION CRACKS

(1953)
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oriented orthogonal pattern similar to that described for

the drying Pleistocene lakes.

The singular parallelism of the primary fractures

leads one to suspect interaction with an older alluvial

fault. If this fault exists, the related gouge would act

as a semipermeable boundary along the western edge of the

subsiding basement block. This fault would disburb the

radial tension field produced by simple basin subsidence;

first by creating uneven subsidence on the alluvium across

the faulted basements blocks, thus adding to the desicca

tion tensions in the capillary zones, and second, by creat

ing the tension described by Kreitler (1976), as aquifers

on the one side of the fault are recharged by ephemeral

streams crossing the graben edge, and on the other, are

depleted by artificial water withdrawal for irrigation.

The desiccation cracks at the base of the Baylor

Mountains have more than doubled in area since Pratt (1958)

reported primary fracture lengths of 600 and 1050 meters.

The importance of soil type and the proximity to moisture

at depth in controlling the development of these fractures

is suggested by the slower propagation rate of the frac

tures which are exposed to runoff or playa flooding.

These fractures on higher ground or further away from

stream courses have grown more quickly.



Soil differences may account for the break in the

primary fractures in the polygonal pattern at the base of

the Baylor Mountains. A tongue of coarse fanglomerate may

cover this area, obscuring the effects of desiccation

while transmitting the induced stresses to the clay-rich

soils about it.

In summary, the Baylor Mountain contraction cracks

are desiccation features produced in hard calcite-rich clay

soils. The polygonal pattern of fractures with some ortho

gonal trends was caused by an additional east-west ten-

sional stress. This stress was probably due to recent

tectonic subsidence of the basin coupled with artificial

water withdrawal. Continued pumping in the basin will pro

bably cause further increases in the area covered by these

giant polygonal fractures.

Westward Shift of Playa Lakes

A westward shift of the playa lakes along the west

ern side of Salt Basin graben became apparent when overlays

of different maps of the region were compared.

Prior to going into the field, the drainage pat

tern and geomorphology was studied for anomalies which

might indicate structural boundaries. A series of maps

and photographs were compared to determine what changes
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had occurred within a twenty year period from 1932 to 1953.

Beginning with King's (1948) maps of Salt Basin

and the southern Guadalupe Mountains, compiled in 1932,

the positions of ephemeral geomorphic features were checked

against aerial photographs taken in 1953 and the fifteen

minute topographic maps of the basin (Black Mountain,

Texas, 1955; Dell City, Texas, 1951; and Guadalupe Peak,

Texas, 1933) . A comparison with the El Paso-Van Horn port

folio sheet (1975) was not made because it had been draft

ed from the 1953 aerial photographs.

Maps of King's work were made from aerial photo

graphs and then checked by plane tabling (King, written

communication, 1976) . The 1953 aerial photographs were

taken from a vertical perspective and the fifteen-minute

maps are U.S.G.S. black line copies.

The results of the comparison showed that streams

on the Guadalupe fans had altered little, while the streams

on the fans behind Dell City were almost obliterated by

farming and the emplacement of artificial levees. The

movement of aeolian features has already been discussed.

The most surprising result was a small westward displace

ment of the playa lakes.

Because of the levelness of the basin floor, field

checking the latter proved to be impossible without more
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time and equipment than was available to me that summer.

However, if the photographic evidence may be trusted, then

this is strong evidence of the basin floor dropping along

the western side.

FREQUENCY OF SCARPS ON THE WESTERN SIDE

Description

Map A shows all the fault scarps cutting Quaternary

alluvium and all the major photolineaments found in the

thesis area. Map B shows the Quaternary fault scarps in

the adjacent basins mapped by Belcher and other workers.

The orientation of these fault scarps closely follows that

of pre-existing structural trends.

Quaternary faulting quickly dies out on the east

ern side of the graben but becomes more continuous and

develops larger displacements along the west side of

Salt Basin graben and Lobo Valley.

Only two fault scarps in Quaternary alluvium were

located in the New Mexico portion of the graben. The nor

thern scarp, 51 kilometers above the Texas border was

mapped west of the Brokeoff Mountains by Kelley (1971) .

Belcher (personal communication, 1976) located the only

other New Mexico Quaternary fault scarp in Crow Flat, ten

kilometers south of Kelley 's scarp.
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Farther down the east side of the graben, a cluster

of faults, some of which were mapped by King (1948, 1965),

occurs in the vicinity of Bitterwell Mountain. There are

only two other fault scarps located on the east side of the

graben which can definitely be shown to cut the youngest

basin fill. One is at the western foot of the southern

most Delaware Mountains. The other is located eight kilo

meters northeast of Plateau in Socaton Draw. Several pos

sibly active boundary faults were mapped in the two north

trending draws east of Munn Valley. These north-south

aligned draws divide the western, north- trending section

from the longer eastern, northwest-trending section of the

Apache Mountains .

Faulting on the western side begins eight kilo

meters south of Dell City and continues southeastward to

Salt Flat in an en echelon pattern. At Salt Flat the en

echelon fault scarps turn southward. The number of scarps

decreases, and individual fault scarps become more elongate

and pronounced toward the Babb flexure. At the latitude

of the flexure the scarps change strike and trend due east

to the eastern edge of the Apache Canyon fan. Here, as

shown in Figure 10, A, the fault trend again strikes south

ward. The fault scarps in the fans along the eastern base

of the Sierra Diablo strike north and northwest. The fault
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scarps strike northeast south of the Victorio flexure.

Most of the recent faulting seems to have occurred on the

east side of the Baylor Mountains, although two short re

cent scarps parallel to the Hazel fracture zone were found

on the west side. King (1965) mapped a fault in the basin

fill west of the Baylor Mountains. Its trace may have been

destroyed, as the area has been plowed and seeded with grass

within the last few years. Any feature with a relief of

less than a meter has either been destroyed or obscured.

The fault in the Sulphur Creek fan parallels the

trend of the desiccation fractures and corresponds with a

sharp change in the slope of the basement indicated by the

work of Gates and White (1977, in press) (Figure 5) .

The remaining fault scarps are located north and

west of Van Horn and continue southward into Lobo Valley

where the Mayfield fault continues the trend southward.

The Mayfield fault is the longest recent fault scarp in

the Salt Basin graben. It is continuous along the east

ern front of the Van Horn Mountains and nearly continuous

along the Sierra Vieja after changing strike in an en

echelon section about an outlier.

The recent faulting in Salt Basin graben terminates

southwest of Valentine, Texas. This line of fault scarps

marks the eastern limit of the present day Basin and Range
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movement in Texas. The only other large Quaternary fault

scarps recognized in the Trans-Pecos region are west of the

Chinati Mountains, north of El Paso, and in Mexico along

the east side of the Sierra del Hueso. A few discontinuous

Holocene fault scarps were found west of Salt Basin graben,

but so far none has been recognized east of the graben.

Comparison with the Rio Grande Rift

Salt Basin Graben is the easternmost basin in the

Rio Grande Rift region of the Basin and Range province.

Most workers place the southern limit of the Rift near

Socorro, New Mexico. A few would have it pass through El

Paso, Texas and on into Chihuahua, Mexico.

Chapin and Seager (1975) and others suggest the

Rio Grande Rift widens below Socorro at the latitude of

Las Cruces, New Mexico to include the area between the

Guadalupe and the Florida Mountains.

The structural and geomorphic similarities suggest

the eastern edge of the Rift continues southward along the

Salt Basin graben.

The cross sections of Salt Basin in Figure 3 show

the topography of the northern and southern sections of

the thesis area. A reversal of topography and structure

can be seen with the east side high for the northern
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segment and the west side for the southern segment.

The Rio Grande Rift is a series of structurally

aligned basins which lacked a master integrated drainage

until sometime in the late Pliocene (Strain, 1958) . The

southern section of the Rift is distinguished by parallel

basins and intragraben horsts. The Salt Basin graben in

cludes several horst blocks, and parallels the Hueco,

Tularosa, Mimbres and Mesilla Basins of the southern Rio

Grande Rift. Like the basins of the Rift, the shoulders

of Salt Basin graben are sharply uplifted and tilted out

ward from a basin that has a width varying between 17 and

50 kilometers.

Gravity and heat flow data aid in delineating the

major steeply dipping, normal en echelon faults that out

line the Rio Grande Rift (Cordell and Kottlowski, 1975)

in much the same manner as the faults defining Salt Basin

graben (Wiley, 1970, and Decker and Smithson, 1975).

There are a few major differences between the Rio

Grande Rift and Salt Basin graben. The most important

difference is the lack of recent volcanism and thermal

activity in Salt Basin graben. This may be related to the

lack of major northeast-trending faults in Salt Basin

graben. It has been noted by several workers that the

most recent Rift volcanism has occurred in the junction of
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major northeast trending faults and the Rift valleys

(Chapin and Seager, 1975; Kelly, 1956; Cordell and

Kottlowski, 1975).

From south to north, Salt Basin graben is repeated

ly offset to the west. The Rio Grande Rift is frequently

offset to the east, although there are some southern basins

with a geometry similar to that of Salt Basin graben.

Finally, Salt Basin graben has no through drainage,

while the Rio Grande Rift is drained by the Rio Grande.

However, integration of some of the basins in the Rio

Grande Rift is a relatively recent phenomenon (Strain,

1958) . Barring another major structural change, the

drainage of Salt Basin will be captured by the Rio Grande

when deposition raises the basin level a few tens of meters

higher.

A Model of the Graben

Salt Basin graben was initiated and continuously

deformed by east-west extension. Tensional experiments

done with clay cakes have produced grabens with outlines

and fracture patterns very similar to those of Salt Basin

graben (H. Cloos, 1939, and E. Cloos, 1955).

The down-dropped blocks underlying the basin de

posits are settling unevenly but differentially to the

west and southwest. Older evidence for this supposition
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is the presence of a highly faulted flexure along the length

of the east side of the Basin. The Patterson Hills, Black

Jack Mountain and western Apache Mountains are the highest

standing remnants of the continuation of this flexure be

neath the basin. The Baylor Mountains are the only sur-

ficial evidence of a large down-dropped block on the west

ern side, and it may be outside of the currently active

portion of the graben. The bight-and-cusp outline of the

western Sierra Diablo may have been produced by the more

sudden and more extreme down dropping along the western

side of Salt Basin graben.

The preferential development of the Salt Lakes

along the western side is recent evidence of a westward

tilting of the basement blocks. The resistivity lines run

by Gates and White (Figure 5) show that Salt Lakes are

invariably located over the deepest basin fill. The lakes

have remained on the west side and in many cases have

apparently shifted westward despite the active deposition

by a preponderance of eastward-flowing streams draining

into the graben. As almost all the rain received in the

drainage basin falls on the west side of the graben, these

streams would normally develop larger fans, forcing the

lakes eastward.

The preferential development of normal down to the
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basin fault scarps in the Quaternary alluvium along the

west side of the graben is the strongest evidence of con

tinued tilting. The orientation of these scarps suggests

that the forces acting now are in the same general direc

tion as those which originally formed the graben.

The bolson deposits may have behaved brittlely

where caliche cementation was well developed or plasticly

where unconsolidated fanglomerates and high water tables

were dominant. Sharp fault scarps in the unconsolidated

basin fill could have been produced by sudden shock, i.e.,

an earthquake producing momentarily brittle conditions.

Although no fault scarps were reported to have form

ed in Salt Basin graben during the 1931 Valentine earth

quake, movement may have been minor and along pre-existing

scarps .

King (1965; 1948) constructed a map of the faults

and structural features that surround Salt Basin graben.

By extending and interpreting the surrounding geology,

King suggested three major breaks in the floor of the

graben (Figure 4) . The unnamed northernmost postulated

break trends southeast. Mapping done in this thesis showed

Quaternary fault scarps and photolineaments paralleling

this trend. The Babb and Victorio flexures form the next

two breaks to the south. Faulting related to the Texas



Lineament strikes nearly east-west, north and south

(latitude 30 56' N (Michigan Draw) and latitude 3056'N

(Lobo Valley)) of Wylie Mountain. Each of these breaks or

zones of topographic change is related to a possible down

to the north fault zone.

The presence of an additional east-west striking

fault zone is suggested by several anomalies between the

Babb Flexure and Bitterwell Mountain. The only known

eastward dipping portion of the graben floor was located

by Gates and White (1977, in press) on the northeast-

striking resistivity line B-B* between Doublewells on the

Apache Peak fan and the southwestern corner of Bitterwell

Mountain (Figure 5) . The east-west orientation of this

feature, which may resemble the Babb and Victorio flexures,

is suggested by the strikes of the Quaternay fault scarps

(Figure 10, A) . The scarps north of the Babb Flexure

strike due east rather than southwest like the pre-exist

ing bedrock faults. King's Fault, the longest in Salt

Basin, bifurcates and abruptly dies out at the latitude of

the east-striking Quaternary scarps (Figure 10, B) . On the

east side of the bolson the fault pattern changes strike

from southeast, north of this latitude, to north-south,

south of this line. The basinward faults immediately

above the east-west "Bitterwell Break" are also bifurcated,
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opening toward this zone (Figure 10, C) .

A long salt lake trending east-west is located just

north of the Quaternary scarps along the Babb flexure

(Figure 10,A). The relationship between basin depth and

Salt Lake emplacement and the resistivity data near Bitter

well Mountain suggests that the displacement along the

Bitterwell break, like the other fault zones in the floor

of Salt Basin and Salt Flat, is down to the north. The

band of faults that continues northeast from Bitterwell

Mountain and the Sierra Diablo faults related to the Babb

flexure are all down to the north as well (Barnes, 1975).

The most easily seen feature of the "Bitterwell

Break" is the reversal of topography and structure that

occurs across this zone. As described earlier, the east

side is high for the northern segment and the west side

is high for the southern segment (Figure 3) .

PROBLEMS

Precise dating of Holocene fault movement has

proven to be difficult. No time-stratigraphic sequences

have been worked out for the Salt Basin Bolson deposits.

However, because the geology and climate of Salt Basin is

similar to that of the Hueco Bolson and southern New

Mexico, it should be possible to interpolate the latter 's
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bear in mind that the Rio Grande drainage of the Hueco

Bolson and of southern New Mexico has caused additional

alterations in the soil profile not found in Salt Basin

graben .

Studies of vertebrate faunas by Strain (1966)

indicate the pre-Rio Grande surfaces of southern New Mexi

can basins to be early Pleistocene in age. Early work by

Strain (1958) on the Hueco Bolson shows the erosional sur

face corresponding to Salt Basin graben to be composed of

the mid-Pleistocene Camp Rice formation.

Gile et al. (1966; 1970) have developed a mor-

phogenetic sequence for New Mexican soils produced from

formations similar to those about Salt Basin and weathered

under almost identical climatic conditions as those found

in Salt Basin. Using a diagnostic carbonate morphology,

based on caliche development in gravelly and non-gravelly

soils, these workers have devised a time scale extending

from mid-Pleistocene to the present. Interpolating with

this classification, shown in Figure 26, the oldest off

set horizon exposed may correspond to the Jornada I,

mid-Pleistocene surface. The youngest offset surface

possibly corresponds with Fillmore which may be younger

than a thousand to two thousand years old.



FIGURE 26. STAGES OF THE MORPHOGENETIC SEQUENCES AND THE YOUNGEST

GEOMORPHIC SURFACES ON WHICH SOILS ILLUSTRATING THE STAGES OCCUR

Stage
Diagnostic Carbonate Morphology

Gravelly Soils Nongravelly soils

Youngest Geomorphic
Surface on which Stage
of Horizons Occurs

Thin pebble coatings

Thick pebble coatings,
some interpebble
fillings

Many interpebble

fillings

Laminar horizon over

lying plugged horizon

(Thickened laminar

and plugged horizons)

Few filaments or faint

coatings

Few to common nodules

Many nodules and inter-

nodular fillings

(Increasing carbonate

impregnation )

Laminar horizon over

lying plugged horizon

Fillmore 1000 to 2600

years

Leasburg 7300 years

latest Pleistocene

Picacho

Picacho

Late-Pleistocene

Late-Pleistocene

Jornada I Mid-Pleistocene

La Mesa Mid-Pleistocene



The extreme youthfulness of the Salt Basin scarps

is suggested by a comparison with the known erosion rate

of the Borrego Mountain earthquake scarps. The Borrego

Mountain earthquake occurred in an arid valley in southern

California on April 9, 1968. The hypocenter of the M 6.4
L

(C.F. Richter) earthquake was assigned to latitude

33 11.4'N, longitude 11607.7'W, h = 11.1 kilometers (Alle]

and Nordquist, 1972). Although produced by right lateral

slip, the magnitude of the shock and the resulting damage

was very similar to that of the 1931 Valentine earthquake.

The alluvial fans of Borrego Mountain were ruptured for 31

kilometers. The scarps developed along the older Coyote

Creek fault and comprised:

"three well-defined bands of fractures - the

north, central and south breaks - each of

which consisted of an en echelon, complex and

simple right-lateral fractures that cut Plio

cene-Pleistocene and Holocene sediments at the

surface. Associated minor diverging and iso

lated fractures and zones of fractures deve

loped as far as 3 km from well defined breaks."

(Clark, 1972a, page 55)

Some movement or creep was recorded along the new

scarps. Although some creep began immediately after the

earthquake, the south break may not have started moving

until one year after the earthquake. The net result of

these movements was to "increase initial displacements to

amounts comparable to those on the north break at the time



of the earthquake." (Clark, 1972a, page 55).

Erosion rapidly destroyed the surface trace of

fractures in the fine-grained basin deposits. A photogra

phic sequence shows the nearly complete destruction of a

100-150 millimeter break to have occurred between April 12,

1968 and October, 1969. The lack of fractures related to

the Valentine earthquake is easily attributed to similar

conditions in Salt Basin, Lobo Valley and Michigan Draw.

The rapid erosion of the Borrego Mountain scarps

(Clark and others, 1972) makes the sharp appearance of the

Salt Basin graben fractures even more anomalous. It would

seem the scarps in Salt Basin were produced by events

similar or larger in magnitude than the Valentine earth

quake for which Sanford and Toppozoda (1974) calculated a

recurrence interval of once every 50,000 years, but have

been maintained by regular smaller seismic events like

those reported by the residents of Dell City and Van Horn.

The correlation and dating of the alluvial fault

scarps was made even more difficult by the effects of the

local climate and of plowing and irrigation.

The fans and basin flats about Dell City, the

Baylor Mountains, the Apache Mountains and Wildhorse have

been plowed and replanted within the last forty years.

This alteration of the soil may very well obscure fault



traces related to those already mapped.

Shifting sand dunes, erosion of basin fill and

plowing has probably removed any possible traces of the

Valentine earthquake which might have been related to the

reports of alterations along the east side of the basin.

The erratic nature of the weather poses an erosion

problem as the fault scarps could be too young to have

been affected by an "average erosion rate". Frequently,

towards the end of summer local thunder storms released a

tremendous volume of rain over a small area in a matter of

minutes. It was not unusual to drive across an arroyo

that had recently been scoured by a flash flood, its course

still carrying water, and find the next arroyo dry. Thus,

the erosion rate is not even throughout the basin, par

ticularly where the topography acts as an orographic

barrier, as in the case of the Guadalupe Mountains. Here

the west side has the least relief while the east side has

the most relief in the basin. The moisture-laden clouds,

bourne out of the west-southwest by the dominant wind

direction, are elevated over the Guadalupe and Delaware

Mountains by the warm basin updrafts. Encountering the

cooler air over the mountains, the clouds condense as they

drift eastward and most of the rain falls on the Pecos

drainage basin. Thus a heavy rain shower in the northeast
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segment of Salt Basin graben would be a sporadic and un

common event.

The result of these variations is that erosion

along the length of a scarp varied, making it difficult to

correlate ages.

The grouping of the scarps discussed in this the

sis has mainly been one of convenience. In several locali

ties the discontinuous scarps may represent a single fault

trace now dissected by local flash flood erosion.

CONCLUSIONS

The Salt Basin graben is the easternmost limit of

modern Basin and Range tectonism in Texas and is the east

ernmost structure related to the Rio Grande Rift in the

United States.

Quaternary faulting in Salt Basin appears to be

controlled by pre-existing structural zones of weakness.

Over one hundred Quaternary fault scarps and photolinea

ments were mapped in Salt Basin. Three types of fault

scarps were recognized: lakeshore scarps, mid-fan breaks,

and bedrock boundary-faults. The faults, particularly the

mid-fan breaks, frequently act as semipervious barriers

separating fresh water on the mountain side from saline

water on the playa side.

A tectonic origin is suggested by the orientation
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of the scarps and the proximity of the Mayfield fault

scarps to the estimated epicenters of the Valentine earth

quake. It is suggested that these fault scarps have been

produced and maintained by intermittent activity rather

than by a single event.

Interpolation with the Gile et al. (1970) method of

dating by caliche development in basin soils and with the

erosion rate on the 1968 Borrego Mountain, California

scarps (Clark, 1972b) , both of which were derived in cli

matic conditions very similar to those of Salt Basin,

strongly suggests that some of the scarps may be Holocene

in age.

The frequency of small earth tremors felt by the

residents of the basin and recorded by temporary seismo

graph stations indicate tectonic adjustments are pre

sently occurring.

I suggest the basement blocks of the graben floor

are actively down dropping to the west-southwest along

the eastern hinge of the half-graben. Evidence for this

includes the preferential alignment of Quaternary and

Holocene fault scarps along the western side of the gra

ben. The westward shifting of the playa lakes and the

preferred orientation of giant desiccation polygons were

probably induced by this movement.



Four transverse structural lineaments crossing

Salt Basin graben were mapped by P.B. King (1948, 1965)

and M. Wiley (1970) . A fifth zone trending east-west

between the Babb flexure and Bitterwell Mountain is pro

posed in this thesis (Figure 4) .
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Endpiece. Looking west beyond Van Horn, Texas,

down the tracks of the Texas and Pacific Rail

way.
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APPENDIX II

Origin of Giant Contraction Crack Polygons

A possible origin for giant contraction-cracks or

desiccation cracks was first discussed by Baer (1837) .

Most of the present understanding of this phenomenon rests

on research done in the 1960's.

Work by Lachenbruch (1962) has shown that the size

of "contraction-crack" polygons depends upon the Theologi

cal behavior of the medium and the nature of the induced

volume change. As the ground surface contracts, either by

dessication or thermal tension, horizontal tensions are

generated but no horizontal strain is observed. Because

the ground is free of stress normal to its surface, there

may be no component of vertical stress at this time or

later, during deformation. Lachenbruch (1962) described

the stress that led to rupture of frozen ground as being

produced by a viscoelastic rather than an elastic response.

Tension increases until the tensile strength of the ground

material is exceeded. At this moment cracks will form

at various places over the surface of the material. Each

crack or fissure will reduce the tensile stress in its

vicinity.

The horizontal tension normal to the strike of a
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single isolated crack is zero as this is the free surface

which cannot support stress. At any depth, with increasing

distance from the crack, the horizontal stress will change

and asymptotically approach the initial or precracking

value at great distances. Thus the order of magnitude of

the width of this "zone of stress relief" on a single frac

ture should be related to the ultimate spacing of these

cracks such that the stress over the entire surface is

reduced below the tensile strength of the ground (Lachen

bruch, 1962) .

These vertical fractures are zones of weakness and

are subject to recurrent fracture and growth by repetition

of an expansion-contraction cycle.

Permafrost cracks propagate downward when tensile

stress at the surface is reached (Lachenbruch, 1962) . Com-

pressional forces at depth exist due to the effect of

overburden. The depth at which the crack terminates de

pends primarily upon the effect of compression at depth

and the dissipation of strain energy by plastic deforma

tion near the leading edge of the fracture. Lachenbruch

(1962) described the release of tension on these cracks:

If the medium is relatively nonplastic and under

rapid deformation, the tension crack will pene

trate deep into the compressional zone; if not

it may stop near the neutral horizon or even

within the surficial tensile zone. Subsequent
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viscoelastic effects may produce a slow

closing of part of the crack from the bottom.

The actual stress distribution at the time of

cracking controls crack depth. Apparently desiccation

cracks in mud propagate both upward and downward after

originating near the capillary zone of the local water tab

le (Neal et al., 1968; Underwood and DeFord, 1969; Clark,

1962) .

Neal et al. (1968) observed that contraction and

rupture do not always involve the surface layers. Playa

surfaces frequently behave very differently from the

underlying sediment. They suggested that the playa clays

dry "beyond the limit of shrinkage", and therefore do not

fracture until the contraction of the underlying sediments

literally pulls apart the playa surface. However, it seems

likely that desiccation cracking of the playa surface would

occur long before this stage was reached. A simpler ex

planation for this behavior is that surface tension on the

playa may be relieved by the reorientation of surface clays

during the cloudbursts characteristic of arid regions.

The moisture from the rain could possibly cause the baked

surface to expand and relieve much of the tension over a

limited area, while being of insufficient volume or

duration to percolate below the indurated playa surface.



Lachenbruch (1962) described the behavior of con

traction cracks when they appear on a permafrost surface.

A new crack in a previously uncracked area will follow

randomly distributed zones of weakness. According to

Lachenbruch, where the crack curves, the tangential stress

component is greatest on the convex side. Secondary cracks

would form perpendicular to the greatest tension and tend

to intersect the primary cracks orthogonally.

Neal et al. (1968) described the primary fracture

as rarely uniform or straight either horizontally or ver

tically, and in places discontinuous, broken, or sinuous.

Anderson and Everet (1964), using time-lapse movie

photography, described the formation of desiccation cracks

in mud slurries. Primary cracks in mud reflect the orien

tation of initial stresses. These are linear features

which propagate along straight or slightly curved lines

until they encounter an inhomogeneity in the texture or

stress field. At such inhomogeneities the cracks commonly

bifurcate. Lachenbruch (1962) states that primary cracks

in frozen ground and drying mud rarely bifurcate.

Anderson and Everet (1964) observed that secondary

cracks branch off from the primary cracks, generally at

right angles,
and then propagate like primary cracks.

Secondary fractures may also originate as single linear
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features between primary cracks . Secondary cracks curve to

join previously formed cracks at nearly right angles.

Lachenbruch (1962) explained this behavior by in

voking large horizontal stress differences in the "zone of

stress relief" produced by a lack of tensional relief in

the direction parallel to the strike of the primary crack.

A secondary crack entering this zone would tend to align

itself perpendicular to the direction of greatest tension

and thus would tend to intersect the first crack orthogon

ally.

The occurrence of orthogonal intersections would

then imply that one of the cracks predated the other. This

also suggests an explanation for the scarcity of triple or

quadruple junctions in plastic or near-plastic mediums.

Orthogonal systems of contraction cracks, like the

Baylor Mountain cracks, form in an inhomogenous or plastic

media in which stress builds up gradually. Cracks will

form first at the loci of low strength or high stress con

centration in the media. As tension increases, polygons

are subdivided by cracks initiating near polygon centers,

or under certain circumstances, at pre-existing cracks

(Lachenbruch , 1962).

Oriented orthogonal systems may be a product of

stress gradients. An example of this process is the paral-
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lei and perpendicular fractures produced in the clays edging

a slowly draining lake.

Random orthogonal systems are formed by fractures

that grew without any preferred directional orientation.

Nonorthogonal systems of polygons are described by

Lachenbruch (1962) as having dominantly tri-radial inter

sections, usually forming 120 angles. It is suggested

that nonorthogonal systems develop in nonplastic media

characterized by a high degree of thermal and mechanical

homogeneity as well as uniform composition. Another in

terpretation placed on this pattern is that fracturing

occurred instantaneously and equally throughout the medium

thereby preventing the development of orthogonal secondary

fractures.

Giant desiccation cracks are predominantly located

in hard clay crusts rich in sheet silicates, carbonates,

particularly calcite, and poor in granular material and

soluble salts (Langer and Kerr, 1966).

Guven and Kerr (1965) suggested that the clays are

produced in a preliminary process of desiccation by cation

leaching through periodic hydration and dehydration of

sheet silicates.

The clays, generally less than 5y size, are

usually illite, chlorite-vermiculite, and lesser mont-
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morillonite. These are frequently interlayered with lake-

bed clays and sands. The sand portion is mostly composed

of feldspars, quartz, and iron magnesium silicates (Neal

et al., 1968) .

Polygonal desiccation cracks rarely show any pre

ferred orientation. Conversely, desiccation stripes are

most commonly reported as occurring in the peripheral zone

playa lakes and Pleistocene lake beds or in the narrow,

constricted sections of playas.

The consensus of investigators is that virtually

all arid region desiccation cracks originate at depth and

appear at the ground surface as collapse features, fre

quently following a rain.

Clark (1972) has written the most complete dis

cussion of collapse fissures in alluvium. The following

discussion has been drawn primarily from his work.

A fracture formed either by tectonic movement or

desiccation of alluvium may develop small slumps along

peripheral cracks paralleling and intersecting the initial

fracture. If slumping does not occur windblown silt and

sand may fill and seal the fissure (Figure 27, A). The

first rain or runoff that occurs enters from a nearby part

of the fissure and will probably erode a tunnel above a

level that was clogged before or during runoff, or, this
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water may enlarge a pre-existing cavity formed by desic

cation at depth (Neal and Motts, 1967) . Either action will

promote the formation of more peripheral planes (Figure

27, B). Collapse along these planes will widen the fissure

at the surface while lessening its depth (Figure 27, C) . A

second cycle or runoff will produce more slumping along

peripheral cracks generated since the first runoff. Block

age of the fracture may form a seal tight enough to allow

the development of standing water in the fissure. This

concentration of water can cause a pronounced increase in

the vitality of the brush growing adjacent to the fissure

(Figure 27, D). The fissure will gradually fill with wind

blown and water-borne debris, leaving a line of shallow

sinks and prominent bushes that may mark the site of the

fracture for more than a hundred years (Figure 27,E)

(Neal et al. 1968) .

It would appear, from this mechanism, that unlike

permafrost polygons,
desiccation polygons may exist for

several months or even years before they "suddenly" appear

in a playa surface. Also contrary to the downward wedging

action of the frost, which causes fissures to deepen as

they widen, desiccation fractures become shallower as they

widen.



FIGURE 27.
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3-

4-

Hypothetical development of a collapse fissure
(from Clark, 1972) .
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Geologic Origins for Giant Contraction-Crack

Polygons in Arid Regions

Desiccation

Neal et al. (1968) suggested that desiccation most

frequently occurs where "the homogeneity and physical co

herency of a calcite-cemented dry clay is such that stress

may be propagated over great areas." With desiccation the

clays undergo both internal and interparticle dehydration

which produces exceptionally great volume changes. Thus

desiccation alone can produce the necessary tensile stress

es for growth of contraction cracks. Underwood and DeFord

(1975) attribute the formation of giant polygonal cracks

on Wildhorse Flat, Red Light Bolson, Eagle Flat, and

along the Green River road in West Texas, solely to this

process.

Lowering of the piezometric surface by ten meters

is enough to produce the desiccation required for giant

polygonal cracks (Neal et al. 1968). Desiccation poly

gons produced by lowering the piezometric surface by

pumping have been mapped and discussed by Motts and Car

penter (1966); Morton (1977); Neal et al. (1968);

Cooke and Warren (1968); and Holzer (1976).

Drought or a change in climate since the Pleisto-
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cene could also produce a drop in the aquifer surfaces and

thereby cause desiccation of the clay soils in arid regions.

A change in the type of ground cover or in the density of

vegetation can have a desiccating effect separate from the

climatic effect (Thomas, 1962).

Tectonism

"Earthquake crack" is perhaps the earliest, most

common and least proven explanation for giant contraction

cracks in the early literature of the southwestern United

States. Although most of these features have since been

identified as desiccation cracks, the possibility of earth

quake shock providing the final impetus for fracturing in

an already tensionally stressed ground surface should not

be ignored. Neal et al. (1968) recorded the occurrence of

one such event:

An earthquake preceded the observation of a large

straight fissure at North Panamint Playa in the

early 1920's (Lombardi, oral commun. 1963). This

fissure may have been a normal earthquake fissure,

but that it stopped at the playa edge suggests

that the tremor might have triggered the release

of tensile desiccation stress (page 88) .

Slower tectonic changes such as basin subsidence

may indirectly produce desiccation fractures by lowering

the water table. This has been found to be the case in
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the San Jacinto Valley, southern California (Morton, 1977)

and on the Rogers Playa, also in California (Motts and

Carpenter, 1968).

Uneven subsidence or uplift may place an additional

tensile stress on a desiccating playa surface by forcing it

to stretch.

The indirect production of contraction fissures by

faulting in alluvial fill is discussed in the next sub

section.

Water Table Barriers and Facies Changes

Discontinuous, parallel, elongate primary fractures

with orthogonal secondary fractures may develop parallel

and perpendicular to water table barriers or facies changes

These facies changes may be depositionally or structurally

controlled. Water table barriers are most frequently

located parallel to bedrock-alluvium contacts or faults of

geologic origin (Mindling, 1974).

As the ground water level is lowered near a bar

rier or along a facies slope, fractures with lengths of

hecameters and depths averaging ten meters develop. Blocks

defined by these fissures usually shift perpendicularly to

the plane defined by the primary fissures. The blocks are

rarely offset vertically and separation rarely exceeds
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three centimeters before erosion.

Often plant roots extend across these fissures and

though taut, they are rarely broken. A mesquite tree,

north of the West Silver Bell Mountains, Arizona was split

open 6.4 meters horizontally (Holzer, 1976). This is

the largest known displacement along this type of fissure.

Several possible origins for tension along water

table barriers have been proposed. Feth (1951) suggested

tension may be caused by the horizontal strains associated

with differential subsidence. Washburn (1958) and Lachen

bruch (1962) both suggested that a water table receding

along a slope will produce stresses either by compaction

of the sediments as water is withdrawn, or by desiccation

of sufficient magnitude to produce fracturing in the capil

lary zone. The fractures would propagate parallel and

perpendicular to the retreating ground-water boundary.

Lofgren (1972) ascribed the development of tension

to horizontal seepage facies. A more likely cause of ten

sion in basin fill would be tensile failure caused by

horizontal contraction in the zone drained by water-table

declines (Holzer and Davis, 1976). This is most notice

able in the vicinity of faults offsetting alluvium.

Alluvial faults will behave as semipermeable bar

riers (Williams, 1971; Clark et al., 1972; Castle and
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Youd, 1972; Waanamen and Myle, 1972; Kreitler, 1976; and

Holzer, 19 76) .
Pumpage on one side of the fault causes

pressure declines and aquifer or reservoir compaction on

that side of the fault and not on the other. Tension on

the ground surface may be produced by differential sediment

compaction caused by the elastic expansion and shrinkage of

the aquifer. This is translated to the surface as differen

tial land subsidence or fault movement (Kreitler, 1976) .
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