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The San Andreas Fault
of the Salton Trough Region, California,
as Expressed on Remote Sensing Data

FRANCESCO V. CORONA Energy Resources Technology Division, P. O. Box 76 , Brea, California 92621
FLOYD F. SABINS, JR. Remote Sensing Enterprises, 1724 Celeste Lane, Fullevton, California 92633

ABSTRACT

The San Andreas fault and related structures in the Salton trough region are readily expressed on Landsat images and high-altitude
acrial photographs, having diagnostic surface characterisitics that are typical of a wrench-fault assemblage. These characteristics
include a principal strike-slip displacement zone that is relatively straight and long, inconsistent structural relief along major wrench
faults, the occurrence of en echelon structures adjacent to th» major strike-slip faults, and lateral offset of structural, natural, and
man-made features. Wrench-fault transpression and transtension occur in places along the San Andreas fault system, recognized
respectively by the dominance of contractional or extensional structures. All of these surface manifestations are clearly discriminated
on the remote sensing data and define criteria that distinguish wrench-fault assemblages from other structural styles.

INTRODUCTION and others, 1973; Harding, 1974; Reading, 1980; Christie-Blick and
The southem extent of the San Andreas right-lateral, strike-slip Biddle. 1985; Harding, 1990). Wrench-fault assemblages have unique

fault lies along the northeastern margin of the Salton trough in structural characteristics that differentiate them from other styles of
southern California (Figure 1). This fault is tectonically active, well deformation (Harding and Lowell. 1979: Lowell, 1990). Likewise,
exposed, and well documented in this region (many authors; e.g., wrench-fault assemblages have distinguishing surface manifestations
Crowell, 1962; Dibblee, 1977; Crowell and Sylvester, 1979: Sylvester,  that can be detected and analyzed using remote sensing data (Corona,
1988; Hutton and others, 1991), thus offering an ideal locality o 1993).
study the San Andreas fault and the structural assemblage that is The San Andreas wrench-faulc system in the Salton wough region
commonly associated with wrench-fault tecronics (Figure 2; Wilcox is profoundly displayed on remote sensing data (Corona and others,

1993). Examination of this fault system using these data yields
diagnostic surface characteristics that define criteria to
distinguish a wrench-fault structural assemblage from other
structural styles. The following discussion describes the
identification criteria of wrench-fault assemblages from remote
sensing data utilizing Landsat Thematic Mapper images and
high-altitude aerial photographs along this Salton trough
segment of the San Andreas fault system.

AREAS OF INVESTIGATION

Four areas along the San Andreas fault system in the Salton
trough are selected tw show the diagnostic surface
characteristics of wrench-fault assemblages as expressed on
remote sensing data (see Figure 1). These areas are the Indio,
Mecca, and Durmid hills, and the Imperial Valley. The Indio
Hills display classic neotectonic wrench-fault morphology,
whereas the Mecca Hills reveal a suite of wrench-related
souctural elements. Wrench-fault transpression dominates the
Dunnid Hills, and wanstension is prevalent in the Imperial
Valley. These areas conjointly constitute most of the structural
characteristics that typify a wrench-fault structural style. In
turn, these structural characteristics provide the criteria for the
identification of wrench-fault assemblages from remote sensing
or any geologic-map data. The coinpilation of these criteria are
summarized at the end of this discussion.

Figurle 1. Location map of the Salton trough region of southern California
showing the major strike-slip (wrench) fault systems and areas of Indio Hills

investigation (Figures 3, 4, 5, and 7). These areas are, from northwest to Sy LNl
sontbhuass; the Tsdic Hills, the: Misces: Hills, the Diicwdd Kills, ard s o 1 9o Hills forma low nosthwest.teading sidge slong
Imperial Valley. IF, lmperial fault; SAF, San Andccas fouk; SHE the northeastern margins of the Coachella Valley and Salton
Superstition Hills fault; : i 5l : " wough (Figure 3). The uplift is 20 miles long, up to four miles
faule. W dills fasilty SI. San Jacinto faalty SME, Superstivion Mowomin wide, and rises to maximum elevations of 1600 to 1700 feec
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Conglomerate and younger Ovonlle Conplomerate (Pleistocene). The
Munenc-age Impenal and Meva fotnanons that undethe the Palin

Sgovsasg bsnesims v i o fvw saaall wmire s o the nordvern amd
southern portaons of the Induy Hilis, bas are ot recognizable on the
satelhte Jdara.

The auhwestern two-thunds of the Indiw Hiibs arc ot by the wb-
patalhe] Mosson Creck and Bunning nght-sbp tauls. These Guixs
menge sntheagward 35 the vonnnuanon of the San Andreas fault
and form the withwriern houmdary of the [odus Hille Tos tha
nuﬁhwu, WG O E\ull\ -lf the B_mmnr_ and Misson Cl‘ﬁ:k f:ults
werge with the San Andreas fanl, but the relinonship w nor clear.
The Banning and Mision Creck faulis are both acnve faules with
minerows historie earthgquakes

The Mission Creck fault passes through the town of Desert Hot
Springs and snkes southeastward through the valley for six miles
the nonthwestern end of the Inbio Hills. For three males southeast of
Figure 2. An idealized right-slip wrench fault in map view showing  Desert Hot Springs the notiheasiern side of the fault i» marked by a
structursl elements that are commonly associsted with such a wrench-  row of Jow halls of elder alhavium that ase tuncared on their
fault system (from Christic-Blick and Biddle, 1985). writhwestern flanks by bncar fault scarps, These faulr-controlled hills

ate obvions en the Landaat anage (sce Firure 1) Southeast fiom the

An alkimal valley up 1o two miles wide separates the Indie Hills from
the Liatie San Demardino .

Mountains w the northeast, Nt ;

which consist of crystaline :
bedrock. The Incho Hills are
bordered on the souchwest by
the Coachella Valley that
being develooed into housing
tracts, fesorts, golf courses, and
agriculture. The Landsn
Themati¢ Mapper data shown
wn Figure 3 depict irrigated
vegeration and palm trees 45 u
dark signature, exposed rocks
a pray wie, and windbluwn
sand with spacse native
vegetation {creosore bush,
mesquite, tamarnisk) ¢ hght
gray o white.

The generakized
mracigeaphic coction of dha
Indio Hills consists of Plio-
Pleistocene nonmarine chastic
strata that were deposiand upon
‘a basement of granitic rocks
{(Creraceous) and associated
crystalline rocks. These rocks
are exposed in the Litle San
Bernardinge Mountains and are
the source of the gmamiue and
metamorphic detritus in the
Neogene strata. The ndge-and-
slope wopography of the Indis
Hills s cnmpaed of
moderatcly indusaned
micaceous siltstone of the
Phocene Palm Spring
formation (Sabins, 1967). Thes
contnss with the unifonn
shopes formed by the

Frgure 3 L\Mﬂl Thu-:m: M-lnﬂ mo‘ !’le !nﬂw Hl'ﬂ- regon, Calt’lornn- Lugf bl:\"t afrows mrﬁ: the
three major right-slig faults that cut the uplifi: from southwest 1o nostheast, Banaing, Mission Creek, and
Indio faults. Small black acrows depict right-slip offset vl canvons along the sirikeslip faults, 2nd open arrows
point to where the strike-slip lualis a¢t a3 bacriers to groundwatce flow. ch. Edom Hill: dhs. Desert Hot

Springs; tpe, Thousand Palms Canyon. Images were processed at Cheveon Oil Field Research Company, La
cquivalent Canebrake Habra, California.
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The trace of the Banning fault is marked by a
conspicuous linear tonal anomaly on the Landsat
image (see Figure 3). The northeastern side of the
faule hac an anamalous dark signatire wirh wartens|
patches of imrigated vegeration and some housing
developments. To the southwest, the tone changes
abruptly to the light-colored signature that is
characteristic of the windblown sand that covers
much of the northern Coachella Valley. Housing
developments and irrigated vegetation are lacking in
s Lanen scglone The weimakably shap Uineac
contact between these conuasting Landsat signatures
extends northwest along the Banning fault for four
miles where it is concealed beneath windblown sand.
The following explanation for this Landsat anomaly
is based on field observations here and at similar
anomalies along other faults in the region. In the
northem Coachella Valley. the Banning fault is a
barrier o the southward flow of groundwater. Along
the northeastern side of the fault the water table 1
shallow which supports phreatophytes such as
tamarisk, mesquite, and creosote bushes. This
vegetation blocks the eastward migration of
windblown sand; therelore, the terrain on the
northeast side of the fault is a combination of base
soil and phreatophytes with scattered houses and
patches of irrigated vegetation. The specrral
properties of this svil regime produce the dark
signature that contrasts with the regional light-
eolored signature of the barren, sand-mantled
Coachella Valley.

Along the southeastern margin of the Indio Hills
where the Banning fault merges with the Mission
Creek fault to form the San Andreas fault, the
merged faults cause several groundwater seeps that

support small groves of native palns. These palin
gruves aic icadily derecwed v Laindsan Isages a

1:100.000 scale. At the smaller scale of Figure 3,
however, these groves are not detectable.

The northeastern margin of the southeasteen
Indio Hills is a northeast-facing, lincar searp framed by the Indwo

Hills fauli. This fault is projected northward into the foothills of the
Little San Barnandinoe Mownraine. The ladic Hilk fuule b, o

distincrive linéar topographic appeamnce on the Landsar image (see
Rgure 3).

There ace 2 number a small anticlines and synclines in the Indiv
Hills that apparently formed in response to displacemenss along the
Banning and Mission Creek right-slip fauls. Most of the folds ar

only a few miles long with steeply Jipping limbs thar locally arc
averturned. The folds are mast abvious in the well-bedded ~andsion

and siltstone of the Palin Spring formation. The folds are nos
recognizable on the images because of their small size and complex
erosion patrerns.

One recognizable fold is Edom Hill at the northwestemn end of the
Indio Hills (see Figure 3). The broad, doubly plunging antichne 1
four miles long and trends northwest, parallel with the Banming fault
that cuts the flank of the fold. Edom Hill rises over a thowand feet
above the desert floor, with its geomorphalogy controlled by the
anticline. Radial dminage channels are beginning 10 erode the slopes
of the hill which is underlain by pourly statified Ocorilln
Conglomeratc. The dumal shape, radial drainage, and local Matinons

are eyt in recogniting the anticlinu on the Landiar amage. $iny
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Figure 5. High-altitude acrial photograph of the Durmid Hills structural culmination
along the San Andreas right-slip fault {dotted line), California. Deformation associated
with this Neogene wrench fault consists of a system of east-trending folds arranged in
an en echelon pattern and oblique 1o the San Andreas fault. Figure 6 is a photographic
enlargement depicting some of these folds.
associated with this uplilt and indicative of regional dip. Also note the right-lateral
offset of Salt Creck along the San Andreas fault.

Note the youthful drainage pattern

years ago, Texaco drilled an unsviecessful oil test on the crest of Edom
Hill.
Mecea Hills

The Mecca Hills lie benween Interstate 10 and Highway 111 in
the southeastern pant of the Coachella Valley just north of the Salton
Sea (Figure 4). This wedye shaped, northwest-trending topographic
welt 15 a structural cubminauon along the San Andreas fault system,
as are the Indio Hilis to the northwest and the Dunnid Hills to the

somtheast {Sylvester, 1988). The Meccca Hills offer one of best
localicies for viewng the comnplex folding and faulting that commonly

wveur alony the San Andreas and other wrench-fault systems,

The stratigraphy of rhe Mecca Hills s similar to that of the Indio
Hills with the addiion of deeper exposures into the basement
complex. Much of the gravel-covered frontal slopes of the Mecea
Hills is underlain by poocly lithified. Pleistocenc-age Ocotillo
Cunglomerare which conuiins schists dernous derived from the
Orocopia Mountains 1o the east, On the southwesteen margin of the
hlls, the conglomerate has been offset about 15 miles northwestward
along the San Andreas fault since s deposition (Crowell and
Sylvester, 1979). The higher, rugged parts of the Mecca Hills are
composed of Plio-Plestocene Palin Spang formation consisting of

light-colored. wellmdurated. arkasic sandstone and canplomerare
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These temrestrial sedimentary rocks grade southwestward and
pasinward into silistone, and northeastward into alluvial-fan facies of
the Canebrake Conglomerate.

In the core of the Mecca Hills, the lower part of the Paln Spring
formation is interbedded and underlain by the Late Miocene(?)-
Pliocene Mecca formation, a reddish to dark reddish-brown unit of
thick-bedded sandstone, claystone, conglomerate, and breccia
(Sylvester and Smith, 1976). The Jewrital material of these rocks is
composed chiefly of Mesoroic and Precambrian basement debris. The
Mecca formation, in turn, lies nonconformably on a heterogeneous
basement complex of Precambrian gneiss, Mesozoic granitic rocks,
and mid-Tertiary hypabyssal felsic dikes which, in the subsurface, is in
thrust-fault contact over the late Mesozoic(?)-age Orocopia Schist.
The young Cenoroic sedimentary section in the Mecca Hills is
interrupted by numerous diastems and abrupt facies changes that
reflect Phiocene-Pleistocene episodes of folding and faulting along the
northeastern rim of the Salwn trough.

The Mecca Hills uplift is bounded by the San Andreas fault on
the southwest and the Hidden Springs fault on the northeast, and is
cut longitudinally by the Painted Canyon and Eagle Canyon faules
(see Figure 4). These faults form prominent canyons or valleys in the
Mecca Hills or control right-shp offsets along major drainage courses.
The more northerly Painted Canyon, Eagle Canyon, and Hidden
Springs faults are nomnal-oblique, right-slip, horsetail-splay structures
off the northwest-trending San Andreas faule This fault-splay systen
is well expressed on the Landsat image as linear topographic features,
and is characterisitic of a wrench-fault zone. The Plio-Pleistocene
strata that make up much of the Mecca Hills exhibit complex
faulting and folding associated with Neogene wrench-faulr
deformation. Strike-shp faults, normal oblique-slip and reverse
oblique-slip faults, flower structures, inward-verging transpressive
structures, and en echelon folds and faules are common strucrural
elements within the Mecca Hills uplifi. The details of these feag,
are too small to be recognized on the Landsat image; however,
major right-slip faults, large anticlinal culininations, and
significant subsidiary faults are readily expressed on the remote
sensing daca.

Durmid Hills

The tecronic regune in the Durmid Hilb is dominated by
right-slip, wrench-fault transpression associated with the San
Andreas fault (Figure 5). In these low hills, a sequence of
layered, soft, lacustrine sedimentary rocks are deformed
pervasively into a system of east-trending folds that are
arranged in a right-stepping, en echelon pattern and obligue
the San Andreas fault (Figure 6). These folds are associated
with wrench-fault deformation along the San Andreas faule,
suggestive to the wrench-fault clay models as presented by
Wilcox and others (1973).

The folds in the Durmid Hilis are generally noncylindrical
with thinned limbs and thickened hinges (i.e., similar style of
folding; Burgmann, 1991). Their surface expression on the
high-altitude aerial photographs consists of pronounced y
elliptical ro elongate-elliptical outcrop patterns (see Figure 6). -f:"s'{ A
Wavelengths and amplitudes of the folds range from }.l'
centimeters 0 hundreds of meters. As noted above, the folds at &
the Durmid Hills are arranged in an en echelon pattern, oblique
to the San Andreas fault (see Figure 6). The mean trend of
fold-axial traces is about N74*W, about 27° to che N47°W
strike of the adjacent San Andreas fault (Burgmann, 1991).
The angle becween the fold-axial trace and the strike of the
San Andreas fault commonly decreases roward the faule. That

is, the folds trend woward parallelisin with the San Andreas fault
immediate to the fault (see Figure 6).

The present-day uplift of the Durmid Hills is shown by the
youthful drainage pattem in the area, peaked by the San Andreas
faule (see Figures 5 and 6). The Durmid Hills themselves, rising 1o a
height of about 60 meters (200 feet), are geomorphic evidence for
tectonic uplift. A leveling amray over the uplife indicates that the
Durmid Hills rose relative to the Salton Sea at a rate of about 1
mmfyr from 1985 o 1987 (Sylvester, 1988). The antecedent Salt
Creek (see Figure 5) cuts about 40 meters (130 feet) into the uplifted
Durmid Hills in che last 25,400 + 2200 years, giving an uplift rate of
about | o 2 mmfyr (Burgmann, 1991). Based on the exposed
stratigraphy of the Pleistocene Borrego formation in the Durmid Hills,
a2 weal uplift of 200 w 1300 meters in 740.000 years (age of Bishop
Ash) was estmated (Burgmann, 1991). This corresponds o uplift
rates of 0.27 to 1.76 mm/yr over the last 740,000 years.

Right-lateral separation along the San Andreas rault is evidenr at
Salk Creek where it has been offset by about 600 to 800 meters (see
Figure 5). Vertical stratigraphic separation across the San Andreas
fault has been measured at about 500 tw 1120 meters with the
northeast side relatively higher than the southwest side of the fault
{Babcock, 1974). This vertical separation along the San Andreas fault
in the Dunnid Hills is associated with transpressive movement of the
right-slip, wrench-fault 2one.

The San Andreas right-slip fault appears 1w die at the southem
end of the Dunnid Hills. Ac this point, the fault system is believed to
jog southwestward across the [mperial Valley to the right-lateral,
normal-oblique slip Imperia! fault (see Figure 1). The following
discussion focuses on this right-stepping fault jog of the San Andreas
fault system in the Impenal Valley.

[
e o

Figure 6. High-altitude aerial photograph of east-trending, right-stepping, en
echelon folds on the northeast side of the San Andreas fault (arrows) in the
Durmid Hills, California (see Figure 5 for location).
drainage pattern that defines the recently uplifted, southwestern margin of

Note the youthful

the San Andreas faull
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Imperial Valley

The linperial Valley of southern California
represents the tansition from the San Andreas
eransform-fault system on the northwest, t the Gulf
of California right-transform system on the southeast.
Neotectonics in the valley are indicative of right-slip
transtension presumably associated with the San
Andreas right-latenal, transforn, wrench-fault system.
The main strand of the San Andreas fault in this
region is last exposed in the Durmid Hills along the
southeastern margin of the Salton Sea (see Figure 1).
From there, the fault system is believed to jog
southeastward across the Imperial Valley through a
system of northwest-trending, right-slip faults
interconnected by wanstensional basins (e.g., Hill,
1977; Elders, 1979; Sharp. 1981: Lachenbruch and
others, 1985; Sibson, 1987; Lonsdale, 1989; Corona
and others, 1991). The presence of active geothermal
systems in the [mpenal Valley and Salon trough
results from the transtensional opening of the valley.

Structures in the Imperial Valley associated with
the neotectonic activity along the San Andreas-
Imperial fault systein are obscured by the major
agricultural development in the valley (Figure 7).
However, the synoptic character of the Landsat
Thematic Mapper data does reveal hints of the
underlying structural geology. Linear fearures defined
by straight stream segments and low-relief topographic
scarps appear to correspond, in many cases, o known,
subtly exposed, surface faults (e.g., linperial fault), ro
buried extensions of well-defined surface faults (e.g..
Superstition Hills and Superstition Mounain fauls),
or to postulared subsurface fauls.

Three principal uends can be delincated on the
satellite image in the linperial Valley: northwest,
north-south, and northeast (sce Figure 7). Northwest-
trending features are probably related to prunary or
secondary right-lateral, strike-slip fauls; north-striking

P AW, e AL

“'ﬂ.

elements may be extensional or obliyue-normal slip in
nature; and northeast-trending structures are likely o
be subsidiary, conjugate, left-slip faults. Actual slip
sense of these features are difficult to determine from
the Landsat data; however, field observations and

published literature support the implied displacements.

Figure 7. Landsat Thematic Mapper image of the Imperial Valley area, California,
with structures and lincar features identifiable on the satellite data. Line weight (i.e.,
solid, dashed, and dotted) correspond to the level of expression of the mapped feature.
Note that northwest-trending features are probably right-slip faults, north-striking
elements may be extensional in nature, and northeast-trending structures are likely to
be lefi-slip faults. IF, lmpecial fauly; SHIF, Superstition Llills faul; SMF, Superstition
Mountain fault.

Analysis and interpretation of potential field dara
in the Imperial Valley concur with a right-stepping.
right-slip, fault-jog system (Corona and others, 1991). Fromn these
dama, the tecwonic framework of the Impenal Valley was interprered o
be dominated by northwest-trending, right-stepping, right-lateral
strike-slip faults that are connected by a series of basins or basinal
blocks and cut in places by northeast-trending left-slip structures. The
basins appear to be bounded and segmented by north-trending
structures that are oblique to the northwest-trending rightslip fauls.
These structures may be basin-forming faults or dike-injected fracture
tones that are interpreted to be extensional in natre. This structural
configuration is compatible with wrench-fault transtension.

SUMMARY AND CONCLUSIONS

In summary, wrench faults and their structural-style assemblage
can be identified on remote sensing or surface geologic dam with the
following criteria:

The pnncipal fulr or displacement 1one is long and relatively
straight o shghely curved

® Major strike-slip fault zones commonly occupy valleys.

Structural relief along major stnke-shp faults is inconsistent in
that suucturally high areas alternate repeatedly across the faults.
Splay, parallel. and conjugate faults may occur adjacent to or
diverge from the principal wiench-fault zone, forming
anastomosing or horsetail faule patterns.

En echelon structures may develop on either side of the principal
aor secondary strike-slip fault zone, forming ar an oblique angle 1o
the wone.

Lateral offser or bending of structural, natural. or man-made
features may be visible across the fault.
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e Trnspression or transtension along a wrench-fault zone may be
recognized by the dominance of contractional or extensional
suuctures, respectively.

These criteria define distinguishing surface characreristics of
wrench-fault assemblages that differentiate them from other styles of
deformation. As shown in this examination, remote sensing data can
be used in practical geologic interpretation of structures and struceural
styles. The approach is to determine the diagnostic geometric
chanacteristics of individual structural elements, and avoid detailed
identification and mapping of every linear and curvilinear feature on
these data that may or may nor be relared ro geologic structures. The
type. orientation, and distribution of these elements are then mapped
and analyzed to esmblish a stuctural style. With this appeoach, a
better understanding of regional as well as individual structures in
both well-mapped and frontier areas can be developed. Remote
sensing data can present a complimentary view in regional geologic
analysis.
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