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ABSTRACT

The western margin of the Sierra Cucapa is defined by the
Laguna Salada fault, a complex zone of active oblique-dextral slip
faults. The northwestern section of the fault zone consists of a
single fault strand which has had an oblique-dextral sense of slip
throughout the late Pleistocene and Holocene. The southeastward
continuation of this single fault strand has been comparatively
inactive during the Holocene. Slip during the late Quaternary has
instead been stepped several hundred meters to the southwest
onto two distinct oblique-dextral fault strands. The easterly strand
extends southeastward and intersects the Cafion Rojo fault, a
northwest-dipping normal fault which has been active throughout
much of the late Quaternary.

This zone of normal slip and other northwest-dipping normal
faults have transferred dextral slip from the Laguna Salada fault
zone during the late Quaternary to several other oblique-dextral
zones successively farther to the southwest. This connected series
of northwest-striking oblique-dextral and northwest-dipping
normal fault zones collectively forms a series of dilational right
steps that are responsible for basin subsidence and pull-apart
within Laguna Salada. Geomorphic evidence suggests that pull-
apart was not continuous during this period and ceased at least
once within the northern part of the Laguna Salada basin.

INTRODUCTION deformation in the trough since early in its history.
The well-exposed oblique-dextral and normal fault zones
The Sierra Cucapa lies astride the great structural depres- that bound the western margin of the Sierra Cucapa are
sion of the Gulf of California tectonic province in the south- directly responsible for the late Quaternary uplift of the
western part of the Salton trough (Figure 1). This range con- range and the development of a deep elongate stepped
tains many of the structural elements which have controlled basin in Laguna Salada (Biehler et al., 1964; Barnard, 1968;
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Figure 1-——Map showing major structural and physiographic elements of the Salton trough. Note location of
the Laguna Salada basin and the Sierra Cucapa along its southwestern margin.



Gastil, 1968; Kelm, 1971; Strand, 1980). The vertical relief of
the basin and the rugged topography of the range are them-
selves products of even greater horizontal displacements
along these faults.

The purpose of this chapter is to describe and discuss the
sense and relative activity of faults exposed along the western
margin of the Sierra Cucapa and their role in the develop-
ment of the Laguna Salada basin. Field studies were concen-
trated on the western margin of the Sierra Cucapa along the
central part of the Laguna Salada fault zone (Figure 2). Study
was concentrated in this region because of the presence of
many tectonic and geomorphic indicators of recent and his-
torical fault movement such as fault scarps and instrumental-
ly recorded earthquake epicenters (Barnard, 1968; Hileman et
al., 1973; Strand, 1980). Large-scale mapping of displaced geo-
logic and geomorphic surfaces was completed to evaluate the
activity of individual fault strands within a northwest-trend-
ing 1-km-wide zone of deformation. The relative ages of
faulted geomorphic surfaces was assessed by the degree of
so0il development present within them (Mueller, 1984). Rates
of soil development, and therefore approximate absolute ages
of the soils in the chronosequence, were estimated by com-
parison with other well-dated soil chronosequences formed
in climatic environments similar to the southwestern Salton
trough (Gile et al., 1960; Gile and Grossman, 1968; Gile, 1975;
Bischoff et al., 1976; Schlemon, 1976; Schlemon and Purcell,
1976; Alexander and Nettleton, 1977). Also, the timing of a
dated climatic change at the end of the Pleistocene some
7800-12,000 y.b.p. (years before the present) was used to esti-
mate the maximum age of the Holocene soils (Wells, 1976;
Van Devender, 1977; Burrows, 1979; Galloway 1983).
Holocene soils were differentiated from Pleistocene soils by
their various pedogenic characteristics, which are related to a
change in the depth of soil wetting,.

PREVIOUS INVESTIGATIONS

Early workers in the Laguna Salada basin and the Sierra
Cucapa quickly recognized the presence and/or recency of
faulting exposed there (Lindgren, 1888; Beal, 1948; Gastil,
1968; Gastil et al., 1971). Later geophysical surveys by
Kovach et al. (1962) and Biehler et al. (1964) contributed to
an understanding of the region by using gravity surveys to
develop models of the configuration of basin fill and under-
lying crustal characteristics. A more comprehensive gravity
and magnetic study by Kelm (1971) further defined the
shape and structure of the northern two-thirds of the basin.
Sedimentological and stratigraphic studies (Dibblee, 1954;
Walker, 1967; Walker, et al., 1967) provided data on gross
stratigraphic sequences along the margins of the basin and
on diagenetic alteration within them.

Work in the Sierra Cucapa (Barnard, 1968) included
reconnaissance mapping of fault zones and intervening rock
types, which outlined a structural and geologic history of
the range. Studies of historic seismicity (Hileman, et al.,
1973; Fuis, et al., 1977; Mike Reichle, oral communication,
1984) estimated epicentral locations of instrumentally
recorded earthquakes in the area. Research into earlier his-
torical earthquake accounts concluded that a major (magni-
tude >7.0) earthquake occurred along the Laguna Salada
fault zone on February 23, 1892 (Strand, 1980).

GEOLOGIC AND TECTONIC SETTING

Deformation within the Salton trough during the late
Tertiary and Quaternary has been in response to transcur-
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Figure 2—Djiagram showing location of the detailed
study area (Figure 4) along the southwestern margin of
the Sierra Cucapa.

rent and divergent motion between the Pacific and North
American plates (Elders and Biehler,1975; Crowell and
Sylvester, 1979; Sharp, 1982). Divergence, or rifting, has
caused crustal attenuation, normal faulting, volcanism, and
increased heat flow along the northwest-trending axis of the
trough (Gastil, 1968; Muffler and White, 1969; Elders et al.,
1972; Elders and Biehler, 1975; Robinson et al., 1976; Brown,
1978; Gastil et al., 1979). Transcurrent plate motion has led to
major lateral displacements along northwest-striking dex-
tral fault zones (Crowell, 1952, 1962, 1975; Allen, 1957;
Sharp, 1967, 1981; Clark, 1972; Clark, et al., 1972).

The Sierra Cucapa consists of a series of tectonic slices of
igneous, metamorphic, and sedimentary rocks separated by
major oblique-dextral and normal fault zones (Barnard,
1968; Gastil et al., 1971). The oldest units in the study area
are Paleozoic(?) prebatholithic metamorphic rocks consist-
ing mostly of well-banded, coarse-grained quartzofelds-
pathic gneiss and marble. Lesser amounts of biotite-rich
schist, amphibolite, and quartzite are also present (Barnard,
1968). All these units were intruded during the Mesozoic by
plutonic rocks of the Peninsular Ranges province (Barnard,
1968; Gastil et al., 1971). The plutonic rocks are coarse-
grained biotite tonalite and leucocratic granodiorite.

These pre-Cenozoic igneous and metamorphic rocks have
in turn been partially overlain and/or intruded by Miocene
volcanic units consisting of autobreccia flows and dikes.
Pliocene and younger sedimentary units are exposed within
and along the margins of the Sierra Cucapa and make up the
bulk of basin fill within Laguna Salada (Dibblee, 1954; Cur-
tis, 1963; Walker, 1967; Walker et al., 1967; Barnard, 1968).
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pull-apart between oblique-dextral faults presently visible along the western margins of the Sierra Cucapa and Sierra

Mayor. Modified from Lomnitz et al. 1970; Gastil et al., 1971; Kelm, 1971.

Deposition of these sediments into Laguna Salada has
been dependent on (1) Pliocene shallow marine incursions
from the Gulf of California; (2) the position of the Pleis-
tocene Colorado River delta; and (3) continued localized,
variable uplift of the ranges that define the edges of the
basin (Dibblee, 1954; Walker, 1967; Barnard, 1968). More

importantly, deposition in Laguna Salada is controlled by
subsidence of the basin itself.

Downwarping and attenuation of the crust underlying
Laguna Salada has been generated by pull-apart between en
echelon, northwest-striking oblique-dextral fault zones.
Ongoing extension or pull-apart between the right-stepping






faults has resulted in northeast striking normal faults which
connect the northwest-striking dextral faults, collectively
forming a series of dilational right steps. These have created
four northwest-oriented, en echelon subbasins which define
the deep sedimentary fill in Laguna Salada (Figure 3).

Basins or uplifted areas therefore depend on the geome-
try and interactions of major lateral faults and are usually
localized along steps or bends in fault trends (Crowell,
1974a, b; Dibblee, 1977; Crowell and Baca, 1979; Fuis et al.,
1982, 1984). Uplift of the Sierra Cucapa has resulted from the
complex interactions of a number of major oblique-dextral
fault zones. South of Mexican Highway 2, these include
strands of the Cerro Prieto, Cucapa, Pescadores, Borrego,
and Laguna Salada faults (Figure 3); (Barnard, 1968; Gastil,
1968).

Although the geomorphic expression of these faults indi-
cates that the level of activity on them has varied during the
Quaternary (Barnard, 1968; Mueller, 1984), long-term inter-
actions in a transpressive environment (Sylvester and Smith,
1976) have created crowding and subsequent uplift of inter-
vening crustal slices. Uplift of fault slices is greatest where
two bounding zones of oblique-dextral slip converge
toward the southeast (Crowell, 1974a; Dibblee, 1977), as is
particularly the case between the Pescadores, Cascabel, Bor-
rego, and Laguna Salada faults (Figure 3). Although south-
easterly divergence is noted between the Cucapa and
Pescadores faults, uplift of the area between them may
instead be created by interactions between the southeasterly
converging Pescadores and Cerro Prieto faults. Also, the
Cucapa fault does not appear to have been very active dur-
ing the late Quaternary based on the relative lack of geo-
morphic indicators of active faulting; therefore, its effect on
the recent uplift of the range is assumed to be negligible.

The strong northwesterly trend of oblique-dextral fault
zones in the Sierra Cucapa turns in the northern third of the
range near Cerro Centinela to more northerly and northeast-
erly directions (Figure 3) (Barnard, 1968; Gastil, 1968). It is
difficult at present to explain this divergence from regional
strike, although it appears evident from sedimentological
evidence (Barnard, 1968) that the northwestern quarter of
the range has been intermittently uplifted throughout the
Quaternary, possibly in a transpressive environment. The
sense of slip on the fault zones bounding rapidly uplifted
blocks in this area is presently unknown. Based on their pre-
sent orientation, however, they may be oblique-sinistral and
conjugate to the dominant, northwest-trending dextral
faults. Alternatively, these presently northeast-trending
faults may have once been northwest-trending dextral or
north-trending normal faults within a block that has been
rotated clockwise by simple shear between two bounding
dextral-slip faults. These bounding dextral fault zones may
have been the northern Laguna Salada fault and another
less well defined fault zone adjacent to the northeastern
margin of the Sierra Cucapa.

LAGUNA SALADA FAULT ZONE

The central, southwestern margin of the Sierra Cucapa
provides an excellent opportunity to evaluate the geometry
and near-surface interactions of deformation within a major
oblique-dextral fault zone. This area is doubly important
because the zone of deformation bounds a deep, narrow,
elongate stepped basin whose development appears to be
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directly linked to movement on the Laguna Salada and
related faults (Figure 3). Detailed mapping of these faults,
and the geomorphic surfaces they have offset, as well as the
development of a soil chronosequence, has led to a better
understanding of the spatial and temporal constraints of
slip along individual fault strands Several important factors
concern this diastrophism and need to be addressed, includ-
ing (1) a description of exposed fault geometries; (2) their
possible relationship to deeper crustal fault zones; and (3)
the period of time during which they were active. For
descriptive purposes, the mouth of each large antecedent
stream canyon which cuts the horst formed between the
Laguna Salada and Borrego faults is labeled LAS 1 through
7, beginning at the northwestern end of the field area (Fig-
ure 4).

The northern third of the Laguna Salada fault in the
study area is directly exposed at the base of the crystalline
rangefront and is covered, in part, by lake waters north and
south of the large solitary alluvial fan formed by streams 1
and 2. This section of the fault zone is marked by a single
straight fault trace with a consistent southwesterly dip of
55° to 60° (Figure 4).

The remarkable linearity of this single fault strand is bro-
ken slightly by a gentle left step several hundred meters
north of stream 1 (Figure 4). This single fault strand has
been highly active throughout the late Quaternary and
appears to have defined the steep eastern wall of the Laguna
Salada basin throughout this time interval.

The simple, straightforward geometry of the range-
bounding strand begins to change at stream 3 (Figure 4).
Here the surficial geometry of the fault plane steepens to a
near vertical orientation. As the fault strand extends to the
southeast, its surficial dip direction changes twice, from
southwest to northeast and back, suggesting that the fault
probably aligns with an approximately vertical zone at
depth. Also, southeast of stream 3, this northeastern strand
is contained within crystalline rocks of the Sierra Cucapa
and has only minor structural relief across it. Based on its
geometry, the lack of structural relief across it, and laterally
deflected streams, this strand has probably had a predomi-
nantly lateral sense of slip during the latest Tertiary and
Quaternary. Little Holocene offset seems to have occurred
on this strand southeast of stream 3, except for very minor (1
m) downward slippage toward the northeast (Figure 4).

Several hundred meters northwest of stream 3, two large
alluvial fault scarps splay off the range-bounding fault
strand at a sharp obtuse angle (Figure 4). Southeast of this
juncture, latest Pleistocene and Holocene activity along the
Laguna Salada fault zone steps to the southwest and is local-
ized along an intermittently preserved line of fault scarps
offsetting Holocene alluvial fans. The alluvial scarps strike
northeast where they join the range-bounding fault zone
and begin to strike northerly and northwesterly as they
extend southeastward down the rangefront. The more
northeasterly of the two alluvial scarps extends down the
length of the range front until it intersects the Cafion Rojo
fault zone; the other scarp extends only about 2.5 km south-
east of its intersection with the main range-bounding fault
zone (Figure 4). This latter alluvial fault scarp decreases in
height to the southeast and appears to die out completely; it
does not appear to be simply covered by latest Holocene
and historical alluvial deposits (Figure 4).

Minor scarplets offsetting early and middle Holocene
alluvial deposits are visible northwest of stream 3 at the

Figure 4—Neotectonic map of the Laguna Salada and Cafion Rojo fault zones (see foldout).
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Figure 5—Field sketch of complex faulting offsetting Holocene alluvial deposits adjacent to a releasing right step in the

Laguna Salada fault zone (at LAS-3 on Figure 4).

alluvial scarp/range-bounding strand intersection (Figure
5). They appear to have been formed by imperfect transfer-
ral of slip across this releasing fault step. Another important
aspect of deformation at this releasing or dilational corner
includes backtilting of geomorphic surfaces between the
two northeast-striking alluvial scarps, possibly indicating
that they are listric. Also, the vertical rate of slip across these
north- to northeast-striking, predominantly normal faults
during the Holocene is probably greater than along the con-
nected northwest-striking oblique-dextral scarps farther to
the southeast. This seems to indicate that extension and
stratal rotation are greatest along northeast-striking normal
faults, perpendicular to the length of the basin.

The eastern limit of thick late Quaternary sedimentary
fill in the Laguna Salada basin in probably defined by the
single main fault trace northwest of stream 3 and by the
intermittently preserved, southwesternmost line of alluvial
fault scarps offsetting Holocene geomorphic surfaces south-
east of stream 3 (Figure 4). These scarps, which offset allu-
vial deposits, represent the locus of oblique-dextral slip
across the width of the fault zone throughout at least the late
Quaternary. A record of continued vertical offset across
these scarps is visible as a series of progressively offset geo-
morphic surfaces of increasing late Quaternary age (Figure

4). The morphology of many of these composite scarps
attests to the recency of offset along them (Wallace, 1977;
Bucknam and Anderson, 1979); vertical alluvial free faces in
loose historical and latest Holocene alluvium are preserved
along much of their length (Figure 4) and may have been
created by a large-magnitude earthquake on February 23,
1892 (Strand, 1980). At present there are no known tempo-
rally constrained geomorphic indicators of a lateral compo-
nent of slip along these scarps (Mueller, 1984); recognition of
offset stream-channel walls and deflected streams is blurred
by the large vertical component of slip. Good geomorphic
indicators of lateral slip, such as offset walls of stream chan-
nels, are generally not present because incision occurs only
on the upthrown block, and rapid burial and deposition pre-
dominate on the downthrown block. The geometry of the
scarps in relation to the Canon Rojo fault, along with easily
identifiable linear kinematic indicators visible on the recent-
ly exposed Laguna Salada fault surface near its juncture
with the Canon Rojo fault, indicate that the ratio of vertical
to horizontal slip along the Laguna Salada fault during the
Holocene has been about 1.4:1 (Figure 6).

Although the present level of exposure indicates only
two obvious fault strands southeast of stream 3, evidence of
a number of others was found in channels incised into Pleis-



tocene fan deposits (Figure 4). Here, individual slices of
underlying igneous rocks and bounding gouge zones pro-
vided compelling evidence of the penetrative aspect of
deformation across the zone. The 1-km width of the Laguna
Salada fault zone thus contains many individual fault
strands, whose periods of activity have varied since the
inception of the zone.

The oblique-dextral line of fault scarps offsetting late
Quaternary alluvial deposits is terminated abruptly about
10 km southeast of its intersection with the range-bounding
fault strand at stream 3 (Figure 4). This termination marks
its intersection with the northeast-striking normal faults of
the Cafon Rojo fault zone. Striations on the bedrock fault
surface of the Carion Rojo fault, exposed during the 1892
earthquake, have 90° rakes that indicate the purely normal
sense of slip along that fault (Figure 6). An inactive exten-
sion of the Cafion Rojo fault zone extends another 600 m to
the northeast, where it abuts the now inactive, predominant-
ly strike-slip northeastern strand of the Laguna Salada fault
zone (Figure 4). Offset alluvial deposits across this short 600-
m section of the Cafion Rojo fault zone indicate no more
than 140 m of slip since the middle Pleistocene. The mul-
lions and striations, visible on the active oblique-dextral
Laguna Salada fault and the normal Cafion Rojo fault
strand, respectively, and the line formed by their intersec-
tion are all essentially identical in orientation (Figure 6).
This then gives a good representation of the late Quaternary
direction or slip vector of pull-apart in this part of the Lagu-
na Salada basin. It also indicates the simple transferral of
dextral slip from the Laguna Salada fault across the Cafion
Rojo fault to the oblique-dextral Chupamiertos fault lying to
the southwest (Figure 3).

The morphology of the fault scarps defining the corner
formed by the oblique-dextral Laguna Salada and normal
Carion Rojo faults indicates that the most recent, possibly
historical seismic event ruptured around it and extended
approximately 2.5 km to the southwest along the Cafion
Rojo fault (Figure 4). This geometry is consistent with other
active dilational fault jogs within the Salton trough which
indicate that rupture propagation during seismic events is
impeded at corners created at fault steps (Sibson, 1986).

SOIL STRATIGRAPHY AND
SLIP-RATE ESTIMATES

Holocene and Pleistocene soils can be separated based on
their morphological and chemical characteristics, related to
variations in the soil-forming environment or climate dur-
ing the late Quaternary. Alluvium isolated from further
deposition since the end of the Pleistocene contains soils
corresponding to the more arid Holocene climate. Because
the Holocene soils at Laguna Salada tend to be an order of
magnitude thinner than the Pleistocene soils, they can easily
be differentiated in the field. The time of this change in cli-
mate ranges from 7800-12,000 y.b.p., based on packrat mid-
den data from the Sonoran and Mojave deserts (Wells, 1976;
Van Devender, 1977; Burrows, 1979; Galloway, 1983).
Because of the lack of radiocarbon dates for this
chronosequence, the precise determination of the age of
individual Holocene fans cannot be determined; the slip-
rate estimates, which are based on maximum ages, are
therefore minimum rates.

The vertical rate of slip along the Laguna Salada fault
zone is greatest where individual strands are oriented nor-
mal to the northwest-southeast extensional axis of the basin.
The largest recorded scarps, located several hundred meters
northwest of stream 3, display a minimum Holocene offset
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Figure 6—Stereoplot of fault surfaces and associated stria-
tions and mullions exposed at the intersection of the active
strands of the Laguna Salada and Cafion Rojo faults.

of 18 m and thus a minimum vertical slip rate of 1.5 to 2.3
mm/yr. Calculation of the lateral slip rate along the fault
zone is not well defined because the high vertical compo-
nent of slip accelerates erosion of stream terrace and alluvial
fan edges, or geomorphic piercing points. However, because
the direction of Holocene slip at the junction of the Laguna
Salada and Caron Rojo faults is well defined, the minimum
lateral slip rate along the active Laguna Salada strand can be
inferred based on the measured vertical displacement. Thus,
the minimum lateral rate of Holocene slip along this strand
1.7 km northwest of the Cafion Rojo fault is 0.70 + 0.15
mm/yr based on 9.0 m of vertical displacement and a slip
vector of 54°, N84°W. The corresponding minimum vertical
slip rate at this point is 1.0 + 0.2 mm/yr. It should be empha-
sized that the calculated slip rates are minimum rather than
absolute values; offset geomorphic surfaces may actually be
as much as several times younger than the single 7800-
12,000 y.b.p. age constraint.

BASIN DEVELOPMENT

Basin development within Laguna Salada appears to be
closely related to the active oblique-dextral and normal fault
zones exposed along the western margins of the Sierra
Cucapa and Sierra El Mayor. Kelm (1971), using gravity
studies based on closely spaced data (Figure 7), concluded
that these faults define the very steep northeastern walls of
the basin. The southwestern side of the basin appears to
have had a similar origin; however, the faults defining it
have no surficial representation because of repeated late
Holocene inundation, except for faults farther to the south,
which define the northern end of the Sierra Pinta (Gastil,
1968; McEldowney, 1970).

The sense of slip on these bounding fault zones and the
geophysically inferred shape of deep sedimentary fill in
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Figure 8—A-A’ is cross section (from Kelm, 1971) showing basin shape derived from gravity data in the northern Laguna Sala-
da basin. B-B’ is cross section (from Kelm, 1971) showing basin shape derived from gravity data in the central Laguna Salada
basin (section cuts across two coalesced pull-aparts; see Figure 7 for section locations). These cross sections derived from
gravity surveys provide only a gross picture of basin shape. Additional subsurface data should provide a more detailed pic-
ture of basin gravity, itself a product of complex, long-term fault interactions along the Laguna Salada eastern margin.

Laguna Salada suggest that the basin was created by exten-
sion or pull-apart between right-stepping oblique-dextral
fault zones (Figure 7). Four individual subbasins apparently
coalesced as a result of ongoing strike-slip and formed a sin-
gle basin, which was surficially continuous during at least
the late Quaternary.

Geophysical data indicate that the depth of sedimentary
fill within the northernmost subbasin is probably more than
5 km (Figure 8, A-A’) (Kovach et al., 1962; Biehler et al., 1964;
Kelm, 1971). Fill within the other three pull-aparts differs
(based on gravity data) and may be due to either variable
amounts of extension within individual subbasins or to the
specific manner in which extension was accommodated
(Figure 8, B-B’). Based on the deep and elongate, highly
evolved shape of individual subbasins (Mann et al., 1983)
the cumulative amount of dextral slip along the northwest-
striking oblique-dextral faults is possibly on the order of
several tens of kilometers.

Although little is known about the early development of
the Laguna Salada basin, the late Quaternary history of slip
along its eastern margin is better constrained. Inferences can
therefore be drawn about the late Quaternary basin devel-
opment of this part of Laguna Salada based on the geomor-
phic evidence of faulting activity.

Latest Pleistocene and Holocene slip across the Laguna
Salada fault zone indicates active pull-apart and basin subsi-
dence centralized along the Cafion Rojo fault zone. This dif-
fers from previous ideas of pull-apart basin development
which viewed extension as being localized in the center as
opposed to one end of the basin (Crowell, 1974b; Mann et
al., 1983). This style of faulting, however, has not been con-

stant throughout the late Quaternary. Extensive lacustrine
terrace development across the footwall blocks of both fault
zones (Figure 4) indicates a late(?) Pleistocene cessation in
vertical uplift across both the Laguna Salada and Cafion
Rojo faults. A substantial period of time is believed to have
been required to cut these terraces, considering the material
they cut across and their width. Cessation of vertical uplift
may have been created by either a period of pure strike-slip
along the Laguna Salada fault zone with little transferral of
dextral slip across the Cafion Rojo fault to the Chupamiertos
fault (Figure 9); or by an extended seismic gap along the
Laguna Salada fault.

Prior to the late Pleistocene, pull-apart was probably
active for much of the Pliocene and early Pleistocene, based
on the steep range front of the Sierra Cucapa, the depth of
fill, and the length of the individual subbasins in Laguna
Salada. Fault-generated petrofabrics exposed along some
sections of the range-bounding fault zone north of stream 3
may have been created at an upper midcrustal level and
thus also indicate a long history of oblique-dextral slip.
Therefore, basin development appears to be intermittent
and is dependent upon the rates and senses of slip along
bounding oblique-dextral fault zones.

Considering the amount of extension required to form
the coalesced pull-apart basins in Laguna Salada, underly-
ing crust of continental (Peninsular Ranges province) affini-
ty may have been thinned or attenuated. This may account
for the extremely high heat flow in the basin, currently
being defined by the drilling of geothermal exploration
wells by the Mexican government. Laguna Salada therefore
may be a precursor to the more highly evolved Imperial and
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Strike-slip along Laguna Salada fault, basin development or pull-apart
does not occur; Canon Rojo and Chupamiertos faults inactive.

\ CMF b

"'----------2_-----

Strike-slip along Chupamiertos fault; basin development or pull-apart
does not occur; Laguna Salada and Canon Rojo faults inactive.

St

Oblique strike-slip along Laguna Salada and Chupamiertos faults;
pure normal slip on Cafon Rojo fault; basin development or pull-apart
occurs.

Known fault, active ssssssssm and inQCHiVe cm———
Inferred fault, active mm s s m and inactive == == = =

Figure 9—Diagram relating possible scenarios of faulting activity in the northernmost pull-apart and its effect on late Qua-
ternary basin development in that section of Laguna Salada.




Mexicali valleys and may eventually experience enough
crustal attenuation to initiate spreading and the formation
of oceanic crust.

The evolution of Laguna Salada and its relationship to
the Imperial and Mexicali valleys may provide insight into
the ongoing deformation within the Gulf of California.
Widening and development of the Salton Trough has isolat-
ed individual blocks of continental affinity including the
Sierra Cucapa. Branching rifts or pull-aparts, such as the
Mexicali Valley and Laguna Salada basin may therefore be
an intrinsic part of rift development as widening oceanic
crust captures or assimilates enclosed continental crust.

CONCLUSIONS

The western margin of the Sierra Cucapa is bounded by
active oblique-dextral faults of the Laguna Salada fault
zone. The Laguna Salada fault has been repeatedly active
during the Holocene; the most recent rupture probably
occurred during the February 23, 1892 M7-7.5 earthquake.
Active dextral faulting along only the Laguna Salada fault
has not created subsidence or basin development in Laguna
Salada. However, during simultaneous slip on the Laguna
Salada, Cafion Rojo and related faults, basin formation
occurs as dextral slip along the Laguna Salada fault zone is
transferred southeastward to the head of the Gulf via a
series of pull-apart basins. Geomorphic evidence suggests
that basin formation was not continuous during the late
Quaternary but ceased at least once within the northern part
of the Laguna Salada basin. This may reflect changing distri-
bution of Quaternary slip among faults within the zone, or it
may reflect variations in the moderate to long-term slip rate
of the system.
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