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Abstract
A belt of low-angle normal (or detachment) faults ~250 km long extends from the northern
end of the Salton Trough, California to southern Laguna Salada, Baja California, Mexico. The
detachment system is divided into two principal segments. The northern segment, here termed
the "west Salton detachment system," comprises top-to-the-east detachment faults along the
eastern Peninsular Ranges that root under the Salton Trough. The southern segment, here
termed the Laguna Salada detachment system, comprises top-to-the-west detachment faults in
northeastern Baja California and the Yuha Desert region of the southwesternmost Salton
Trough. Detachments of that system root under Laguna Salada and the Peninsular Ranges of
northern Baja California. Both of these systems experienced a major episode of activity in late
Miocene to Pleistocene time, synchronous with deposition of the Imperial and Palm Spring
formations, and the Laguna Salada detachment system may still be active. Thus, their activity
temporally overlapped, partly or completely, with activity on dextral faults of the San Andreas
boundary between the Pacific and North American plates, and with accretion of new transitional
crust. Some of the detachment faults in the northern segment may have had mid-Miocene
normal slip and/or Cretaceous thrust or normal slip as well, although compelling evidence for
either is lacking. These detachment faults are distinctly younger than detachments east of the
San Andreas fault, which generally ceased activity by middle or late Miocene time and are
overlapped by marine or lacustrine rocks (Bouse Formation); these units are equivalent in age to
the syntectonic strata of the Salton Trough but are much thinner and essentially undeformed.

jack and Jamison, 1986; Tron and Brun, 1991;
McClay and White, 1995). Nevertheless, proOBLIQUE RIFTS, in which rift margins are
cesses of oblique rifting remain poorly underoblique to the direction of continental separa- stood relative to those of orthogonal rifts,
tion, are reasonably common in the modern where the rift margins are approximately perrecord—e.g., the Red Sea and Gulf of Aden pendicular to the extension direction, and to
(McKenzie et al., 1970; Cochran, 1983; Tam- strike-slip systems. Such processes are difficult
sett, 1984), the Tanganyika-Malawi-Rukwa rifts to study directly in ancient settings because the
(Tiercelin et al., 1888; Rosendahl et al., 1992), rifting process leads inexorably to subsidence,
and the Gulf of California (Atwater, 1970; causing the products to become submerged and
Stock and Hodges, 1989)—as well as in the inaccessible to direct observation.
ancient record—e.g., Ghana-Ivory Coast
The Gulf of California is one of the premier
(Blarez and Mascle, 1988) and western Tethys modern examples of oblique continental rift(Channell and Kozur, 1997). Such structures ing, and arguably is the best place in the world
may be quite important in the evolution and in which to study the processes of such rifting
paleotectonics of many continental margins as they lead to the interplate transfer of a
(e.g., Schermer et al., 1984; Umhoefer and continental fragment. Opening of the southern
Dorsey, 1997). Significant advances in under- Gulf has progressed to the point of creating
standing oblique rifts have been made using magnetically lineated ocean crust at the Alaranalytical and analog models as well (e.g., With- con Rise (Fig. 1) that records Pacific-North
Introduction
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FIG. 1. Tectonic summary map showing Pacific-North America relative motion, major faults of the plate
boundaries, and physiographic provinces. The direction of maximum principal stress, inferred from Zobacket al.
(1991) is shown by arrows labeled a, (bulls's-eye where vertical). Box shows location of Figure 2. Abbreviations:
IT = Isla Tiburón; JB = Jalisco Block; SF = San Francisco; LA = Los Angeles; E = Ensenada; LP = La Paz.

A m e r i c a n plate m o t i o n s i n c e ~ 3 . 6 Ma
(DeMets, 1995). In contrast, the northern Gulf
and Salton Trough region remains in the transitional stage from continental to oceanic rifting,
with formation of new crust comprising sedimentary strata intruded and metamorphosed by
generally mafic magma (Elders et al., 1972;
McKibben et al., 1987; Elders and Sass, 1988;
Herzig and Jacobs, 1994). The Gulf depression
ends northward where the San Andreas bends
westward and transpressional tectonics dominate (Allen, 1957).
We present new data from the Laguna Salada
area and review the existing literature from
both the Laguna Salada area and the Salton

Trough, which show that low-angle normal
faults (or detachments) of late Miocene, Pliocene, and Pleistocene (?) age were an integral
part of the oblique rift system for ~250 km
along strike in the northern Gulf of California-Salton Trough region, and were at least
partly synchronous with major dextral slip on
plate-boundary faults. This differs from previous interpretations of the detachment faults
as late Mesozoic-early Cenozoic thrusts (Sharp,
1979) or normal faults (Erskine and Wenk,
1985; George and Dokka, 1994), or as midMiocene normal faults that pre-dated dextral
faulting in the region (Frost, Fattahipour et al.,
1996; Frost, Suitt et al., 1996). Late Mio-
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cene-Pleistocene(?) detachment faults had
top-to-the-west slip in the Laguna Salada segment and top-to-the-east slip along the Salton
Trough, with the two segments bounded by the
Ocotillo accommodation zone {Fig. 2) (Axen,
1995).

Downloaded by [UNAM Ciudad Universitaria] at 15:16 19 February 2013

Tectonic Setting
The modern Pacific-North American plate
boundary is dominated by dextral faulting concentrated along faults of the San Andreas system with other subsidiary, but important,
crustal deformation accommodated across a
wider zone. The boundary can be divided into
three domains from north to south, in which
the partitioning of strain differs (Fig. 1). This
strain partitioning is also reflected in lateral
variations in the stress field (Zoback et al.,
1991). Terranes west of the San Andreas may
pass from one domain into the next northerly
domain as they are translated northwest relative
to North America.
The northern domain extends from the Mendocino triple junction to the north side of the
Transverse Ranges. It is characterized by transpression in a zone several to tens of kilometers
wide that runs along the northern San Andreas
and related faults combined with diffuse and
spatially separated E-W to SW-NE extension in
the Great Basin (Wernicke et al., 1988; Zoback
et al., 1991). Thus, a transpressional zone in
California is separated from a region of transtension by the relatively rigid Sierra Nevada.
The central domain includes the Transverse
Ranges (Fig. 1) and the "big bend" of the San
Andreas fault, where the fault changes strike
WNW. Strain partitioning in the central
domain is characterized by dextral wrench
faulting along the San Andreas with N-S compression and clockwise rotation of crustal
slivers (see the recent review by Dickinson,
1997). Extension occurs locally and primarily
as a result of block rotation.
The southern domain runs from the Transverse Ranges to the Alarcón Rise at the mouth
of the Gulf of California (Fig. 1). Strain in the
southern domain is dominated by dextral
wrench faulting on the southernmost San
Andreas and related right-lateral faults south of
the big bend (e.g., Crowell, 1981; Goff et al.,

FIG. 2. Fault map of the northern Gulf of CaliforniaSalton Trough region, showing three segments of the extensional belt to the west, the accommodation zones that
bound them, and the locations of Figures 3, 5, and 6.
Stippled areas are below sea level, so the Laguna Salada and
the Salton Sea appear to be larger than they actually are.
Abbreviations: LS = Laguna Salada; LSF = Laguna Salada
fault; SLT = Sierra Las Tinajas; SS = Salton Sea; SSPM =
Sierra San Pedro Mártir; VSF = Valle San Felipe.

1987; Lonsdale, 1991) combined with NW-SE
extension in the Gulf basins south of Isla
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Tiburón (Fig. 1), where seafloor spreading is
active or initiating (Lonsdale, 1991; DeMets,
1995). Strain in the southern domain also
includes significant approximately E-W extension in mainland Mexico (e.g., Henry and
Aranda-Gomez, 1992), eastern Baja California
(e.g., Stock and Hodges, 1989), and the northern Gulf, where it is coupled with distributed
dextral shear and clockwise vertical-axis rotations (Lewis, 1994; Lewis and Stock, in press).
The northern Gulf-Salton Trough region,
discussed here (see Figs. 2 - 6 ) , lies at the northern end of the southern domain; its northern
end passes into the central domain. Continental
crust has been completely rifted apart and transitional crust—comprising sedimentary strata,
young metasedimentary rocks, and mainly
mafic intrusions—is being formed (Elders et
al., 1972; Fuis and Kohler, 1984; Fuis et al.,
1984). Extensional fault systems exposed in
northeastern Baja California and west of the
Salton Trough are divisible into top-east and
top-west segments that are separated by accommodation zones (Fig. 2) (Axen, 1995).
A subduction-related volcanic arc occupied
the area that is now the Gulf of California in late
Oligocene to early Miocene time, shutting off at
~ 1 6 Ma in the north and ~ 1 2 Ma in the south,
concomitant with microplate capture events
offshore to the west (Lonsdale, 1991, Sawlan,
1991; Stock and Lee, 1994). To date, there is no
evidence of Oligocene to early Miocene intraarc extension in Baja California (Stock and
Hodges, 1989; Lee et al., 1996), although extension was occurring then in mainland Mexico
(e.g., Henry and Aranda-Gomez, 1992; Gans,
1997), in the metamorphic core complexes of
southern Arizona and northern Sonora
(Spencer and Reynolds, 1989; Nourse et al.,
1994), and in southwestern Arizona (Spencer
et al., 1995).
On Isla Tiburón (Fig. 1), rifting apparently
had begun by mid-Miocene time, as indicated
by marine deposits overlain in angular unconformity by volcanic rocks of ~12 to 13 Ma age
(Smith, 1991). Extension north of there was
under way between 11 and 6 Ma (Stock and
Hodges, 1989; Lee et al., 1996). By ~ 8 Ma,
marine waters had reached the northern Gulf
and Salton Trough region (see below). From
~ 1 2 to 5 Ma, oblique transtension between the
Pacific and North American plates is thought to
have been partitioned between ENE-directed

extension in the Gulf region and dextral slip on
the Tosco-Abreojos and related faults along the
western continental margin (Fig. 1) (Spencer
and Normark, 1979; Stock and Hodges, 1989).
During or after that time interval, strike-slip
motion was transferred into the Gulf, initiating
the modern transtensional regime there.

Laguna Salada
Laguna Salada (Figs. 2 and 3) is an actively
subsiding, sub-sea-level basin that is bounded
on the west by the main Gulf escarpment (Gastil
et al., 1975) along the front of the Sierra Juárez,
which rises 1500 m over a horizontal distance of
5 km. The sierras El Mayor and Cucapá, east of
Laguna Salada, are lower than the Sierra Juárez.
The most active subsidence is on the eastern
side of the basin, adjacent to the northern
Sierra El Mayor and central Sierra Cucapá (Savage et al., 1994).
Laguna Salada has generally been interpreted
as a pull-apart basin with up to 5-6 km of fill in
its center (e.g., Kelm, 1972; Fenby and Gastil,
1991). More recently, however, it has been
interpreted as a shallow half-graben, formed
above the
David detachment fault,
which subsequently was overprinted by slip on
the Laguna Salada and related active faults
(Axen, 1995). The depth to basement below
Laguna Salada is strongly asymmetric (Kelm,
1972; Miele, 1986; García-Abdeslem et al., in
review). The basin fill is inferred to thicken to 4
km on the eastern side, which is reflected in a
rapid decrease in the Bouguer gravity anomaly
from 0 to - 6 0 mgal over a 10 km distance
(García-Abdeslem et al., in review). In contrast,
the western margin shows only a 5 to 10 mgal
change over the same distance. Recently completed geothermal exploration wells also show
this eastward thickening (A. Martín Barajas,
pers. commun., 1996).
Rocks along the margins of Laguna Salada
are cut by a complex network of low- and highangle faults. We divide areas along the margin of
Laguna Salada into four structural domains
based on the patterns of faulting and exhumation of basement blocks. On the eastern side of
Laguna Salada, the Sierra El Mayor domain is
dominated by a sequence of stacked, top-to-thewest detachment faults. In contrast, no detach-
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FIG. 3. Simplified geologic map of the Laguna Salada region showing distribution of faults and tectono-lithologic
map units. Inset shows a lower-hemisphere, equal-area stereonet plot of detachment-fault planes (n = 19) and striae
on them (filled circles, n=11); filled square is average striae. Abbreviations: B = Borrego fault; C = Cucapá fault;
CD = Canada David detachment; CM = central Mayor fault; CR = Cañon Rojo fault; LS = Laguna Salada fault;
MB = Monte Blanco dome; MBD = Monte Blanco detachment; P = Pescadores fault; SB = Sunrise Buttes fault;
SD = Sanchez Diaz fault. Box shows location of Figure 4. Modified from INEGI (1983), Gastil et al. (1975), Siem
(1992), Siem and Gastil (1994), Vásquez-Hernández (1996), Romero-Espejel (1997), and unpublished mapping by
Axen, Fletcher, and Ramon Mendoza-Borunda.
merit faults have been documented in the Sierra
Cucapá domain, where major faults are NW-

striking high-angle faults. Detachment faults
are found to the north in the Cerro Centinela
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domain, where they are intimately associated
with a series of closely spaced high-angle faults.
On the western side of Laguna Salada, the
entire Sierra Juárez range front is dominated by
high-angle faults.
Throughout the Laguna Salada region, highangle faults typically cut low-angle detachments. The high-angle faults predominantly
show normal dip slip or strongly oblique normal
right-lateral slip. However, none of the macroscopic faults has been found to have pure strike
slip. Although modern plate motion is dominated by right-lateral strike slip, the proportion
of normal faulting to strike slip is only slightly
greater than 50:50 for the most oblique highangle faults, and many NW-striking faults
in the area record nearly pure normal displacement.
Rock units
Bedrock in the region consists predominantly of polydeformed metamorphic rocks and
granitoids emplaced as part of the Cretaceous
continental-margin magmatic arc. These crystalline rocks are intruded by hypabyssal basaltic
to andesitic dikes that typically strike northwest
and dip steeply (Barnard, 1968; Siem, 1992;
Siem and Gastil, 1994). On the basis of mineralogical and compositional similarities, Barnard (1968) interpreted the mafic dikes to have
been feeder conduits of Miocene calcalkaline
volcanic rocks that depositionally overlie the
crystalline basement in the northwestern Sierra
Cucapá. Essentially all faults in the Laguna
Salada region cut, or can be inferred to cut, the
crystalline basement, mafic dikes, and Miocene
volcanic strata. Thus, we infer these rocks to
have existed prior to the phase of tectonism that
produced the Laguna Salada basin.
The basal unconformity of the Miocene volcanic sequence and the erosional surface upon
which it and older strata were deposited define
the pretectonic erosional level. To the west of
the Sierra Juárez escarpment, these form a
broad undisrupted surface that dips gently (~0
to 5 ° ) to the west (Gastil et al., 1975). In
contrast, the basal contact dips as much as 30°
to the east where it is exposed within the Sierra
Juárez escarpment (Gastil et al., 1975; Axen,
1995; Romero-Espejel, 1997). On the eastern
side of Laguna Salada, Miocene volcanic rocks
are exposed only in a small area at the northern
tip of Sierra Cucapá (Fig. 3).

The Imperial Formation. Although we infer
that the Imperial Formation overlies lower to
middle Miocene volcanic-arc strata, this relationship is not exposed in the Laguna Salada
area. Instead, contacts between the Imperial
Formation and older crystalline basement are
almost exclusively fault contacts (Isaac, 1987;
Siem, 1992; Siem and Gastil, 1994; VásquezHernández, 1996). The base of the Imperial
Formation consists of a continentally derived
conglomeratic facies that grades upward into
fine-grained marine siltstone and shale, which
is locally interleaved with coarse-grained faultscarp debris (Siem and Gastil, 1994; VásquezHernández, 1996). The marine facies of the
Imperial Formation in the Laguna Salada area is
lower Pliocene (Vásquez-Hernández, 1996).
Palm Spring Formation and overlying conglomerate. In the northern Sierra El Mayor, the base
of the Palm Spring Formation is generally a
fault contact with the Imperial Formation, but
elsewhere it is an angular unconformity or is
gradational (Stock et al., 1996). There, the
Palm Spring Formation grades up into syntectonic conglomerate shed off the footwall of the
Laguna Salada fault (Siem and Gastil, 1994;
Stock et al., 1996; Vásquez-Hernández, 1996).
A correlative, but detachment-related,
sequence exists in the central Sierra El Mayor,
in the Lopez Mateos basin (Fig. 4). There, a thin
sequence of Palm Spring Formation sandstone
lies depositionally on middle-plate basement
and dips 45° to 80° east. This sandstone is
gradationally to abruptly overlain by fault-scarp
sedimentary breccia and conglomerate, monolithologic granite megabreccia, and stratigraphically higher polymict conglomerate. Based on
sparse data from well-imbricated conglomerate
beds, this sequence appears to have been
derived from an easterly source. The sequence
forms a growth-fault geometry with dips as
gentle as 2 0 ° east at stratigraphically high levels. A detachment along the southern margin of
the basin projects north beneath it and forms its
southern outcrop boundary. These relations
strongly indicate syndetachment deposition,
although the eastern source region subsequently must have subsided below Mexicali
Valley. Identical steeply tilted upper-plate conglomerates cut by the range-front detachment
are preserved in scattered exposures along the
entire Sierra El Mayor range front. Locally,

EXTENSIONAL
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FIG. 4. Simplified geologic map of the Lopez Mateos basin in the east-central Sierra El Mayor, showing sediment
transport direction inferred from imbricated clasts in conglomerates (rose diagrams over lower-hemisphere
stereonet plots of poles to imbricated clasts). Note that poor exposure over much of the area precludes mapping of
fault traces in detail; more faults are probably present within basin sediments than are shown. Units: Qa = Recent
and older alluvial deposits; Qggc = older Quaternary(?), locally derived pediment deposits, containing distinctive
garnet-bearing granite clasts probably derived from exposures of similar granite immediately to the east in the
basement complex; TQpc = well-bedded, pofymict, primarily traction-deposited conglomerate and gravel; TQtc =
conglomerate transitional between over- and underlying units; TQgc = poorly and massively bedded porphyritic
granite-boulder conglomerate probably deposited as debris flows; TQb = landslide megabreccia composed mainly of
porphyritic granite plus other subsidiary basement lithologies; TQdc = poorly and massively bedded mafic diorite
conglomerate probably deposited as debris flows and derived from a paleotopographic high of mafic diorite (Kud),
similar to the one it overlies; TQps = Palm Spring Formation—pebbly quartz sandstone at locality A, arkosic pebble
conglomerate at localities B, and marine fossil-bearing pebbly quartz sandstone at locality C; Ku = Cretaceous
basement complex of middle plate; Kud = mafic diorite of middle plate; Kl = basement complex of lower plate. From
preliminary mapping by Axen in 1996 and 1997.
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these are unconformably overlapped by gently
dipping "older" Quaternary pediment deposits
(Qggc in Fig. 4) that also are faulted by the lowangle range-front fault. The youngest pediment
deposits overlap that fault but themselves are
semipenetratively normal faulted. Thus, the
detachment still may be active in the shallow
subsurface west of the bedrock front and under
Laguna Salada.
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Sierra El Mayor
Canada David and Monte Blanco detachments.
In northern Sierra El Mayor, Siem (1992; Siem
and Gastil, 1994) subdivided the detachment
system into two major strands that collectively
bound the Monte Blanco dome, which comprises the lowest structural level exposed there.
The dome is a geomorphic feature that reflects
the gently curviplanar nature of the detachment faults and of the Cretaceous foliation that
they are subparallel to there. The two detachments merge toward the west in the direction of
upper-plate transport, so that only one major
fault is present along the western end and
northern flank of the dome. These two strands
can be mapped and correlated throughout the
Sierra El Mayor (Fig. 3) because they juxtapose
three slabs from distinct crustal levels (Fig. 3).
The upper plate consists entirely of strata of the
Imperial and Palm Spring formations and
younger conglomerates described above, and is
bounded below by the Cañada David detachment (Siem, 1992; Siem and Gastil, 1994).
The lower plate is composed entirely of Cretaceous metamorphic rocks and granitoid intrusions, and is bounded above by the Monte
Blanco detachment (Fig. 3), named here for the
fault originally mapped by Siem (1992) along
the southern side of the Monte Blanco dome.
The granitoids range in composition from hornblende gabbro to two-mica garnet-bearing granite, with felsic compositions dominant. The
intrusions mainly are found as discordant, subvertical or subhorizontal dikes and sills. Metasedimentary rocks include schist, migmatitic
gneiss, para-amphibolites, and marble. Peak
metamorphic parageneses in pelitic rocks
include garnet + biotite + sillimanite + K feldspar ± white mica ± quartz. Garnets typically
are anhedral, strongly embayed, 3 to 15 mm in
diameter, and compositionally homogeneous
except for relatively thin retrograde zoned margins. A high-grade gneissic foliation forms the

dominant Cretaceous deformational fabric in
the lower plate. The foliation generally dips
shallowly and only rarely contains a measurable
lineation that trends E-W where present. Smallscale folds are present but relatively rare in the
lower-plate gneisses, which suggests that the
transposing foliation records very high strain
magnitudes or that compositional layering was
never oriented in the finite or incremental
shortening field.
The middle plate consists of moderately
intruded metamorphic basement overlain depositionally by Palm Springs Formation and stratigraphically higher conglomerate in the Lopez
Mateos basin (Fig. 3). Metasedimentary rocks
of the middle and lower plates have similar
inferred protoliths, but metamorphic grade was
significantly lower in the middle plate. Peak
metamorphic parageneses in pelitic rocks
include white mica + quartz + biotite + sillimanite ± andalusite ± garnet. Garnets are
only 1 to 3 mm in diameter and euhedral; some
preserve prograde compositional zoning that we
infer formed during porphyroblast growth.
Metamorphic rocks of the middle plate typically
record two generations of ductile fabrics. The
first is a penetrative schistosity oriented parallel to compositional layering. The second is a
spaced crenulation cleavage that defines the
axial surfaces of a prominent series of recumbent folds. The intersection lineations and fold
hinges plunge shallowly to the north and south,
nearly orthogonal to the lineations measured in
the gneissic rocks of the lower plate.
Detachment fault anatomy and synkinematic
alteration. The low-angle fault zones range from
5 to 300 m in thickness and display variable
degrees of cataclasis. Up to three well-developed
joint sets are found in the weakly deformed
rocks near the external portions of the fault
zones. Striated shear fractures and zones of
penetrative cataclasis that contain a mosaic of
angular clasts, ranging from 0.5 to 10 cm in
diameter, become more abundant toward the
higher-strain, internal portions of the fault
zones. Brecciated fabrics are typically better
developed in feldspathic gneisses and granitoid
rocks than in adjacent schists and marbles. The
most intense fabric development occurs as
zones of foliated microbreccia, clay gouge, and
striated fault planes. The microbreccia is commonly black and flinty because of the presence
of manganese oxide a n d / o r graphite.

LATE MIOCENE-PLEISTOCENE EXTENSIONAL FAULTING
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Kinematic indicators are abundant in the
clay gouge and microbreccia and include SC
fabrics, Reidel shear fractures, tensile fractures, and tool marks. In the detachment fault
zones, the kinematic indicators consistently
show top-to-the-west or WSW transport, and
the measurements of detachment planes show
general warping of the faults about a similar
axis (Fig. 3 , inset).
Secondary
mineralization
is common
throughout the fault zones. Quartz, native sulfur, and interlayered illite-smectite clays are
dominant secondary minerals, and we infer
them to have originated by direct precipitation
from high-temperature fluids and by inhomogeneous dissolution of feldspars. These minerals generally occur only in the fault zones,
and are themselves overprinted by cataclastic
deformation, which suggests that they were
deposited synkinematically. Gypsum also commonly occurs in the fault zones, but is typically
not overprinted by cataclasis. We infer the
gypsum to have formed as a low-temperature
alteration of native sulfur by near-surface
supergene fluids or to have originated from
infiltrating basin brines.
Patterns of exhumation and magnitude of
detachment slip. The magnitude of tectonic
exhumation is uncertain in many parts of the
Sierra El Mayor, but the most pronounced
unroofing seems to have occurred in the Monte
Blanco dome area. Here, 40 Ar/ 39 Ar release spectra from potassium feldspar, which record cooling through the range of ~ 4 0 0 ° C to 150 °C, are
highly disturbed, and fission-track studies of
apatite (closure temperature ~110°C) yield
cooling ages of 4.8 Ma from the lower plate and
6.5 Ma from the middle (Axen et al., 1997).
The fission-track data suggest rapid late Miocene-early Pliocene unroofing, consistent with
short-term uplift rates of ~ 1 to 2 mm/yr calculated from Holocene soils offset across fault
scarps along the western side of the Sierra
Cucapá (Mueller and Rockwell, 1991). In contrast, 4 0 A r / 3 9 A r release spectra of potassium
feldspar from the southernmost Sierra El Mayor
define undisturbed Cretaceous plateaus and do
not indicate significant Cenozoic cooling (Axen
et al., 1997). Therefore, we interpret exhumation magnitudes in the Sierra El Mayor to systematically decrease southward.
The magnitude of slip on the Laguna Salada
detachment system may vary in a fashion simi-
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lar to that inferred above for exhumation, with
slip decreasing north and south away from the
Monte Blanco area. Minimum estimates are
made below. High-grade lower-plate rocks overlap lower-grade middle-plate rocks along the
Monte Blanco detachment fault in the transport
direction for ~ 1 0 km in the central Sierra El
Mayor and for ~ 1 2 km in the northern part of
the range (Fig. 3). Upper-plate strata in the
Lopez Mateos basin overlie crystalline basement along a detachment fault for ~ 4 km in the
transport direction, and transport-parallel overlap in the west-central Sierra El Mayor is closer
to 7 km (Fig. 3). East-west overlap of sedimentary strata along the Canada David detachment
in the Monte Blanco dome area is ~6 km (Siem,
1992). These numbers suggest a minimum of
~ 1 4 km (central Sierra El Mayor) to ~ 1 8 km
(Monte Blanco dome area) of horizontal extension accommodated by detachment faults in the
Sierra El Mayor. East-west overlap of sedimentary strata in detachment-fault contact above
basement in the Cerro Centinela area (see discussion below) is ~ 8 km (Fig. 3).
Central Mayor fault. The high-angle central
Mayor fault, named here, strikes north through
the range and cross-cuts the detachment system
(Fig. 3). Gastil et al. (1975) and Siem (1992)
mapped it as a W-down normal fault, but geomorphologically it appears to truncate the eastern end of the Monte Blanco dome with a clear
sense of E-down separation, similar to a subparallel fault mapped by Siem (1992) a few
kilometers farther west. The fault zone is up to 3
m wide and comprises highly fractured and
crushed rock; kinematic indicators are difficult
to identify.
Sierra Cucapá
The Sierra Cucapá is a narrow but rugged
range that is bounded and internally cut by
several high-angle NW-striking faults (Fig. 3).
Fault strikes range from N60° W to N20°E, but
the major faults typically strike between
N 3 0 ° W and N 5 0 ° W (Barnard, 1968). Traced
northwest, the faults commonly split into several branches and take on a more northerly
strike.
The dextral-normal Laguna Salada fault (Fig.
3) bounds the range on its linear southwestern
side against Laguna Salada, where the most
active basin subsidence occurs (Savage et al.,
1994). Both the Laguna Salada fault and the
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NNE-striking, normal Cañon Rojo fault apparently ruptured in a widely felt 1892 earthquake
(Mueller and Rockwell, 1991, 1995). Traced
southeast, the Laguna Salada fault appears to
lose displacement rapidly as it approaches the
eastern side of the sierras Cucapá and El Mayor.
Both of these facts suggest that major displacement on the Laguna Salada fault is transferred
to the western Sierra El Mayor range front via
the Cañon Rojo fault. The detachment faults in
the Sierra El Mayor may have had a similar
relationship to the Laguna Salada fault, bounding the Plio-Pleistocene basin preserved in the
northern part of the range. Subsequently, slip
on both the detachments and the part of the
Laguna Salada fault southeast of the Cañon
Rojo fault has ceased or slowed as the northern
Sierra El Mayor was transferred to the footwall
of the northern Laguna Salada-Cañon Rojo
fault system.
The Borrego fault can be traced for 25 km
north of the point where it splays from the
Laguna Salada fault (Fig. 3). The fault dips 50 to
60° toward the northeast where exposed, but
much of the fault trace is covered by Holocene
alluvium of the narrow basin along its trace.
Barnard (1968) interpreted the displacement to
have been dominated by normal dip slip of as
much as 4300 m in the central portion of the
range but only 1300 m in the northern part.
The Cascabel fault (not shown in Fig. 3) lies
500 m east of the Borrego fault and is noteworthy because it shows a component of E-side-up
reverse displacement with Mesozoic tonalite
thrust over Holocene alluvium. Barnard (1968)
suggested that the dip-slip component may be
small (tens to hundreds of meters). The Cascabel fault has an irregular orientation, but
predominantly dips east. At its northern and
southern ends, it is cut by the Borrego fault
(Barnard, 1968; Mueller and Rockwell, 1991,
1995).
The Pescadores fault is exposed for 24 km
along strike (Fig, 3) and is oriented N40°W,
5 5 ° E (Barnard, 1968). The fault displays 3.3 to
3.5 km of right-lateral normal slip with a rake
angle of 40 to 70° S, on the basis of the offset of
two lithologic contacts with different orientations (Barnard, 1968). At the southern end of
the fault, Barnard (1968) reported a 50 m wide
fumarole marked by altered alluvium that is too
hot to touch at depths greater than 20 cm.

Along the eastern margin of the Sierra
Cucapá, the trace of the Cucapá fault is defined
by a narrow valley that is generally less than 200
m wide but that extends more than 20 km along
strike (Fig. 3). Holocene sediments there show
no surface deformation, but the crystalline
basement along the valley margins is strongly
f r a c t u r e d ( B a r n a r d , 1968). Hot s p r i n g s
observed near the southern end of the fault may
suggest that the fault is still active (Barnard,
1968). Barnard correlated a tonalite contact
that displays 2900 m separation across the
Cucapá fault, which is consistent with rightlateral and/or E-down normal displacement.
No low-angle detachment faults have been
observed in the Sierra Cucapá. We infer that the
crystalline basement in the range is of lowerplate affinity, but probably was located east of
and in the footwall of the original detachment
breakaway, which may have been located along
the present trace of the Laguna Salada fault.
Barnard (1968) reported that fold axes in the
metamorphic rocks in Sierra Cucapá trend
about N60°W, which is similar to the orientation of fold axes in high-grade lower-plate rocks
in Sierra El Mayor. However, Miocene Progreso
volcanics in the northernmost Sierra Cucapá,
which pre-date extension, lie depositionally on
crystalline basement (Barnard, 1968). This
implies that the northwestern Sierra Cucapá lay
nearby and east of the detachment breakaway,
and has not been significantly eroded since the
onset of detachment faulting. Because the
Sierra Cucapá is unlikely to contain a detachment that juxtaposes crystalline basement from
significantly different crustal levels, the preextensional crustal level apparently grades from
shallow in the northwest to deeper in the
southeast.
Cerro Centinela
Detachment faults and high-angle faults are
intimately associated in the low hills near Cerro
Centinela (Fig. 3). Although the detachment
faults are strongly dismembered, Isaac (1987)
showed that the individual pieces can be reconstructed to form a single laterally continuous
detachment fault that juxtaposes Imperial and
Palm Spring formations in the hanging wall
with Mesozoic crystalline basement in the footwall. The hanging-wall strata define a series of
upright open folds that predominantly trend
N 5 3 - 5 6 ° E and are interpreted to have formed
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during detachment faulting, parallel to the
extension direction (Isaac, 1987). Although
Isaac (1987) did not document the sense of
tectonic transport across the detachment, it is
likely that displacement was of the same W- to
SW-directed polarity as observed in the Sierra
El Mayor.
It also is possible that a structurally lower
detachment lies just south of Cerro Gentinela
(Fig. 3). Barnard (1968) documented an abrupt
change in orientation of fold hinges and intersection lineations from N60W in the Sierra
Cucapá to due north in the Cerro Centinela
area. In Sierra El Mayor, W- to NW-trending
fold axes are characteristic of the lower-plate
crystalline basement, whereas N-trending fold
axes are characteristic of the middle-plate basement. This implies that Cerro Centinela may lie
in the hanging wall of a N-dipping detachment
fault, the footwall of which comprises the
Sierra Cucapá. If true, this region would have a
stacked detachment sequence similar to the
Monte Blanco and Cañada David detachments
in the Sierra El Mayor.
Several high-angle faults cut and reorient the
detachment fault and NE-trending folds
mapped by Isaac (1987). The high-angle faults
dip both to the northeast and southwest, and
they strike between N 6 0 ° W and N10°W, with
the more northerly strikes occurring in the
eastern part of the Cerro Centinela (Isaac,
1987). In the extreme western Cerro Centinela
domain, fault strands associated with the
Laguna Salada fault rotate extension-related
folds in a clockwise sense from their dominant
northeast orientation to almost due east (Isaac,
1987). This indicates that those faults record a
significant component of right-lateral movement. However, most of the other high-angle
faults in the area display down-dip striae indicating nearly pure normal displacement (Isaac,
1987). For example, the Sanchez Diaz fault (Fig.
3) dips steeply west and has striae that rake 90°
(Barnard, 1968). These high-angle normal
faults accomplish NE-SW extension, which is
similar to the extension direction that produced
the earlier detachment faults. Isaac (1987)
interpreted the transition from detachment
faulting to high-angle normal faulting to reflect
either a change in style during a single progressive deformation or the superposition of two
kinematically similar deformational events. No
relative timing relationships were documented
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between the Laguna Salada fault system and the
high-angle normal faults, and it is possible that
they formed coevally.
The magnitude of exhumation in the Cerro
Centinela area is poorly known. The area lies
very close to the exposed Miocene depositional
contact in the extreme northern Sierra Cucapá
(Fig. 3). Therefore, although as many as two
detachment horizons are found in the Cerro
Centinela area, we infer that extensional
exhumation was not as great as in the northern
Sierra El Mayor.
Eastern Sierra Juarez
The eastern margin of the Sierra Juarez is
structurally dominated by NW-striking faults
that dip steeply to the east and west. W-dipping
faults are abundant but faults with the largest
documented vertical separation dip east. For
example, two E-down faults in the southernmost Sierra Juarez combine to accommodate
about 700 m of vertical separation (CETENAL,
1976b, 1977b) (Fig. 3). Low-angle faults are not
common in the Sierra Juarez but two subhorizontal faults, one of which is surrounded
by tens of meters of chloritic fault gouge and
penetrative breccia, were observed in basement
rocks of the northern Sierra Juarez (RomeroEspejel, 1997). The low-angle faults have
N-trending striae, with one showing top-north
kinematic indicators and the other showing topsouth indicators. Relative timing relations
between these faults and the high-angle faults
in the area are uncertain.
Gently E-dipping, lower or middle Miocene
sedimentary and volcanic strata are found in
the escarpment of both the northern and southern Sierra Juárez, where they are faulted by
both E- and W-dipping faults (CETENAL,
1976a, 1976b, 1976c, 1977a, 1977b; MendozaBorunda and Axen, 1995; Romero-Espejel,
1997). Farther west, on top of the range, these
sequences are subhorizontal (CETENAL,
1977b, 1977c, 1977d; Romero-Espejel, 1997),
so that they define a faulted E-dipping monocline as the escarpment is traversed. This geometry has been attributed to reverse drag above
the detachment system exposed in the Sierra El
Mayor, which roots west under the Sierra Juárez
(Axen, 1995), although a strike-slip component
has been documented on many of these faults
(Mendoza-Borunda et al., 1995) and may
account for their east dip as well.
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Summary

Historical background

Laguna Salada has apparently developed
since late Miocene time, principally in response
to generally E-W extension accommodated on
low-angle detachment faults that root west
under Laguna Salada and Sierra Juarez and that
have the sierras El Mayor and Cucapá in their
footwalls. Detachment faulting overlapped in
time with dextral-normal oblique slip on the
Laguna Salada fault and may have been intimately tied to slip on that fault throughout
most or all of its history. Detachment slip may
continue in the subsurface of Laguna Salada.

The brittle detachment faults of the California Peninsular Ranges (Fig. 2) were first recognized by Sharp (1968, 1979), who noted that
they are spatially associated with the eastern
Peninsular Ranges mylonite zone for most of
their length. The mylonite zone consists of
moderately E-dipping (30 to 6 0 ° ) , reversesense mylonites (Simpson, 1984; O'Brien et al.,
1987) of Cretaceous age (George and Dokka,
1994). Sharp used the words "cataclastic" and
"mylonitic" differently from their presently
accepted usage, which implies grain-size reduction via predominantly brittle deformation during cataclasis, and via significant crystal plastic
behavior of at least the weaker constituents
(such as quartz) during mylonitization. He
described mylonitic gneiss as "cataclastic" and
used "mylonite" for rocks that most Cordilleran geologists would assign to the "microbreccia ledge" commonly present for a few to
several meters beneath detachment faults developed on quartzofeldspathic footwalls. Sharp
interpreted these faults as having formed as
thrusts related to, but having outlived, the
Cretaceous shortening event that created the
mylonitic gneisses. Engel and Schultejann
(1984) also interpreted many of the faults this
way, but Simpson (1985) pointed out several
problems with their structural interpretations.
Sharp (1979, p. 264) noted that the " t h r u s t s "
locally displace Neogene sediments, a fact that
he interpreted to indicate reactivation, noting
that "low angle normal faulting . . . played a
significant role in the formation and east-west
extension of the Salton Trough."

Salton Trough
A tremendous amount has been written
about the Salton Trough, which is one of the
best studied rift basins in the world. The geologic setting of the Salton Trough was laid out
by Dibblee (1954), who named many of the
stratal units and faults in the area. The importance of the San Andreas fault with regard to
the opening of the Salton Trough and Gulf of
California was initially emphasized by Hamilton (1961). Much of the subsequent literature
focuses on the subsurface (e.g., Fuis et al.,
1984; Fuis and Kohler, 1984), basin fill (e.g.,
Winker and Kidwell, 1996), heat flow (e.g.,
Lachenbruch et al., 1985), geothermal
resources (e.g., McKibben et al., 1987; Elders
and Sass, 1988), and active faulting, neotectonics, and seismicity (e.g., Weaver and Hill,
1978; Doser and Kanamori, 1986). These studies generally assume or conclude that the
Salton Trough opened primarily as a pull-apart
basin along NW-striking dextral faults of the
San Andreas system (e.g., Hamilton, 1961;
Elders et al., 1972; Lonsdale, 1991). However,
the western side of the Salton Trough is
bounded by a Miocene-Quaternary detachment system that we view as fundamentally
important to Salton Trough tectonics. These
faults have received much less attention in this
regard than the San Andreas system, despite the
fact that they are reasonably well mapped and
described, because they have been considered
to be older than the San Andreas fault system.
Below we review this body of literature, emphasizing the geometry of the detachment system
and the evidence for significant late Miocene to
Pleistocene slip.

Several other interpretations of the brittle
low-angle faults have been made. Erskine and
Wenk (1985) considered them to be extensional
faults of Cretaceous age, as did George and
Dokka (1994). Wallace and English (1982),
Engel and Schultejann (1984), Schultejann
(1984), Pridmore and Frost (1992), Lough
(1993), Frost et al. (1996a, 1996b), and Stinson
and Gastil (1996) interpreted the detachments
as Miocene structures, based on structural similarities to the well-known Oligocene to midMiocene detachment faults in the southwestern
United States and on interpretation of poorly
dated upper-plate conglomerates as mid-Miocene. Several of these authors (e.g., Frost et al.,
1996a, 1996b) suggested that detachment faults
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in the western Salton Trough pre-dated San
Andreas slip and are correlative with detachments in the lower Colorado River extensional
belt (e.g., Frost and Martin, 1982), so that their
offset along the San Andreas fault can be used
to gauge that fault's offset.
We argue below that the dominant phase of
slip on the detachments was latest MiocenePleistocene, largely was contemporaneous with
San Andreas slip, and entirely or almost
entirely post-dated detachment slip in the lower
Colorado River region. Locally, extension in the
western Salton Trough may have begun in midMiocene time or earlier, but the case for widespread detachment faulting of that age is weak.
Also, we cannot strictly rule out the presence of
either brittle Cretaceous thrusts or detachments within the eastern Peninsular Ranges
mylonite zone, which is clearly Cretaceous
(George and Dokka, 1994). Such structures
have been postulated (e.g., Sharp, 1979; Frost
and Shafiqullah, 1989; George and Dokka,
1994), but compelling evidence has not been
given.
Geologic setting, geometry, and extent of the
west Salton detachment system
Crystalline rocks of the eastern Peninsular
Ranges consist of granitoid bodies and their
pre-middle Cretaceous metasedimentary country rocks, which commonly are amphibolite
facies (e.g., Theodore, 1970; Todd et al., 1988).
Both have been overprinted locally by the eastern Peninsular Ranges mylonite zone, which
affects middle Cretaceous plutonic rocks (see
George and Dokka, 1994 for review of ages).
Crystalline rocks of the Peninsular Ranges form
the footwall of the detachment system everywhere and, like the Laguna Salada detachment
system, hanging walls of detachments comprise
both crystalline rocks and Neogene-Quaternary sedimentary strata. Footwall quartzofeldspathic rocks typically are overprinted by
chloritic alteration, black manganese-rich
hydrothermally altered cataclastic shear zones,
and/or brecciation for at least a few meters
below the detachments, and commonly are
capped by a resistant, fine-grained "microbreccia" ledge subjacent to detachment faults (Wallace and English, 1982; Wallace, 1982; Erskine
and Wenk, 1985; Stinson and Gastil, 1996).
Hanging-wall crystalline rocks typically are
brecciated or fractured for tens of meters above
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the detachments (Sharp, 1979; Wallace and
English, 1982; Wallace, 1982; English, 1985;
Lough, 1993; Stinson and Gastil, 1996).
Sedimentary fill of the Salton Trough is complicated, both in terms of depositional systems
and architecture as well as in terms of nomenclature. The oldest strata of the Salton Trough
crop out in the southwestern part (see Fig. 6)
and comprise lower to mid-Miocene volcanic
strata and underlying and interbedded fluvial
deposits. These are overlain by mid(?)- to late
Miocene alluvial-fan and landslide megabreccia
deposits and evaporites, which are overlain, in
turn, by Pliocene to Pleistocene deposits of the
Imperial and Palm Spring formations, their
lateral equivalents, and overlying eolian and
lacustrine deposits. The Imperial and Palm
Spring formations are related largely to construction of the Colorado River delta in the
southern Salton Trough and northern Gulf of
California (Merriam and Bandy, 1965), but earliest Imperial Formation marine deposits predate arrival of the delta and represent an early
Gulf incursion. Imperial and Palm Spring strata
coarsen westward into the basin-margin Canebrake Conglomerate (Dibblee, 1954), which we
view as the main fault-scarp facies of the west
Salton detachment system (see below). The
apex of the Colorado River delta has remained
approximately fixed with respect to North
America, while the main body of the delta in the
Salton Trough has been translated northwest by
San Andreas slip (Winker and Kidwell, 1986;
Kerr and Kidwell, 1994). In general, the upper
Imperial Formation is composed of marine
deposits of this complicated deposystem,
whereas the Palm Spring Formation consists of
fluvial deposits. The modern Salton Sea and
older lacustrine deposits from similar saline
lakes accumulated after the delta separated the
Salton Trough from Gulf waters. Stratigraphic
nomenclature of Salton Trough deposits is problematical because of rapid lateral and vertical
facies changes and because of different usage by
various authors through the years. Winker and
Kidwell (1996) provided a recent review of this
problem. Aspects of the Neogene-Quaternary
sequence that are key to our interpretation of
the detachment system are discussed in more
detail below.
The northernmost known exposures of the
west Salton detachment system are in Palm
Canyon, between the San Jacinto and Santa
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FIG. 5. Simplified geologic map of the northwestern part of the west Salton detachment system. Abbreviations:
G = Garnet Hill; W = Whitewater area. Modified from Rogers (1965), Sharp (1979), Wallace (1982), Calzia (1988),
Calzia et al. (1988), and Dibblee (1996a).

Rosa Mountains (Fig. 5) (Sharp, 1979; Calzia,
1988). From there, the detachment faults run
south through the Santa Rosa Mountains
(Sharp, 1979; Wallace, 1982; Wallace and English, 1982; English, 1985; Calzia et al., 1988),
where they are apparently cut by the San
Jacinto fault system (Sharp, 1967). Detachments also are found striking ESE along the

northeast flank of the Pinyon Ridge-Yaqui
Ridge area (Fig. 6) (Sharp, 1979; Schultejann,
1984), but authors disagree about their continuation along the southern side of Pinyon and
Yaqui ridges. Sharp (1979) and Lough (1993)
showed the detachments doubling back upon
themselves and bounding the south side of
Yaqui Ridge on its eastern end, but Schultejann
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FIG. 6. Simplified geologic map of the southern part of the west Salton detachment system. Abbreviations: CM =
Coyote Mountain; C Mts. - Coyote Mountains; FCB = Fish Creek-Vallecito basin; PM = Pinyon Mountains; TBM =
Tierra Blanca Mountains; WP = Whale Peak; YR = Yaqui Ridge. Modified from Strand (1962), Rogers (1965),
Jennings (1967), Todd (1977), Sharp (1979), Schultejann (1984), Stinson and Gastil (1996), Lough (1993), and
Dibblee (1996a, 1996b).

(1984) and Engel and Schultejann (1984)
showed the southern sides of those ridges
bounded by the dextral San Felipe fault.
Detachments also extend from the western to
the eastern Pinyon Mountains (Sharp, 1979),
with Whale Peak in the western Vallecito
Mountains forming their footwall (Fig. 6)
(Sharp, 1979; Lough, 1993; Stinson and Gastil,
1996).
Sharp (1979) located the southernmost
strands of the detachment system along the
northeastern margin of the Tierra Blanca
Mountains (Fig. 6), although most authors

showed a strand of the Elsinore fault zone there
(e.g., Dibblee, 1954; Todd, 1977; Pinault,
1984). The frontal fault zone of the Tierra
Blanca Mountains is abnormally wide relative
to other parts of the Elsinore fault zone, with
faults that cut alluvium extending for 1 km
from the range; intense fracturing and discontinuous faulting characterize the frontal 1.5 km
of the range (Todd, 1977; Pinault, 1984). Todd
(1977) mapped at least three low-angle fault
strands in the Tierra Blanca Mountains and
interpreted them as Cretaceous thrusts,
although her descriptions (p. 10) of the associ-
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ated fault rocks ("crush zone . . . up to 9 m
thick . . . consists of one or more zones of dark
greenish-brown cataclasite and waxy-appearing
gouge surrounded by brecciated and hydrothermally altered tonalite with many thin cataclastic planes") are very similar to faults that
elsewhere cut Imperial and younger rocks.
Based on existing literature, it seems likely that
this abnormally wide fault zone could be composite, produced partly in an early detachment
phase and partly through Elsinore-related
overprinting.
Age of detachment faults and extension in the
Saltan Trough
The age of onset of Cenozoic extension in the
Salton Trough is poorly known and somewhat
controversial. There is some evidence for a midMiocene onset of extension, but most evidence
suggests that significant detachment slip
largely began in late Miocene time.
The oldest Tertiary strata in the southwestern
Salton Trough comprise lower to middle Miocene volcanic rocks, commonly referred to as
Alverson or Jacumba volcanics, along with
underlying, laterally equivalent, or overlying
continental deposits, typically included in the
Anza or Split Mountain formations (e.g., Kerr
et al., 1979; Kerr, 1982, 1984). K/Ar ages on
the volcanic rocks, which are mainly basalts,
range from 24.8 ± 7.4 Ma to 14.9 ± 0.5 Ma
(summarized in Kerr, 1982, 1984), with most
overlap of analytical errors occurring between
22 and 14 Ma. Many of these dates are not
stratigraphically consistent within analytical
error (compare table 15 and plates II and IV of
Ruisaard, 1979), so their individual accuracy is
questionable, although the general age range
probably is approximately valid. The intercalated sedimentary strata comprise braidedstream deposits with northward paleoflow indicators. The braided-stream deposits locally
interfinger with the basal deposits of otherwise
stratigraphically higher, alluvial-fan deposits
derived from the west that are overlain, in turn,
by a widespread landslide megabreccia deposit
(Kerr, 1982, 1984).
Kerr (1984) interpreted the lower to middle
Miocene braided-stream and volcanic sequence
as recording the onset of extension in the
southwestern Salton Trough. In contrast,
Winker and Kidwell (1996) inferred that these
strata were pre-extensional, because of paleo-

flow direction (generally parallel to the axis of
the trough) and clast content (presence of
"Poway-type" clasts) different from the
alluvial-fan deposits that were locally derived
from the west, which they interpret to mark the
onset of faulting. Unfortunately, this unresolved controversy results in an age discrepancy, conceivably > 1 0 Ma in duration, for the
earliest extension in the Salton Trough.
K. McDougall (pers. commun., 1997)
reported two important occurrences of
reworked mid-Miocene marine nanofossils
(nanofossil zones CN5A and CN4, corresponding to ages between 16 and 12 Ma) — (1) in the
upper Miocene Imperial Formation of the
northern Salton Trough near the Whitewater
area (Fig. 5), and (2) in cuttings from geothermal wells southeast of Cerro Prieto (Fig. 3).
These fossils indicate that the mid-Miocene
marine embayment responsible for strata of
that age on Isla Tiburón (Fig. 1; mentioned
above) extended as far north as the Salton
Trough-northern Gulf region, and suggest the
possibility of extensional basin development of
that age in the latter area as well.
Other data from the southwestern Salton
Trough also support an early or middle Miocene
age for the onset of detachment faulting there,
although many of those data are subject to
reinterpretation. Stinson and Gastil (1996)
reported that relatively undeformed and
unaltered hornblende-andesite dikes are present in cataclastically deformed and chloritically
altered footwall rocks in the Pinyon Mountains.
One of these dikes yielded a K/Ar age of 17.2 ±
0.4 Ma (Stinson and Gastil, 1996) that is
broadly consistent with other volcanic ages in
the region, although the potential for contamination by Cretaceous Ar from the surrounding basement rocks is difficult to
evaluate. These dikes were not observed to cut
the microbreccia ledge there. Stinson and Gastil
(1996) interpreted these facts to indicate that
dike injection post-dated earliest detachmentrelated (?) fracturing, but pre-dated most of the
detachment slip. Similarly, Miller and Kato
(1990, 1991) reported cataclasis of basement
rocks in the Coyote Mountains (Fig. 6) area that
pre-dated deposition of the Alverson volcanics.
No descriptions of kinematic indicators within
the cataclasites were given. We speculate that
there may have been an important, if somewhat
cryptic, cataclastic event that is represented in
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these two areas and in the northern Sierra
Juarez nearby (see above). In the latter area,
fault lineations trend N-S and if similar kinematics characterize the Pinyon Mountains,
then it may provide an alternative explanation
for the N-trending lineations reported by
Stinson and Gastil (1996) that were discussed
above. Miller and Kato (1990, 1991) also
reported growth-fault relationships in mid-Miocene volcanic and fluvial strata that are preserved in blocks bounded by younger faults.
Frost and Shafiqullah (1989) reported a K/Ar
age of 10.4 i 0.3 Ma on feldspar concentrates
from the microbreccia matrix at Yaqui Ridge,
suggesting that detachment slip may have been
ongoing by then, although the significance of
this K/Ar age is unclear. Todd (1977) mapped
one of three detachment strands in the Tierra
Blanca Mountains (Fig. 6) as overlapped by
Imperial Formation strata, indicating that slip
on that fault ceased before the end of Imperial
time, although continued slip on the other
detachment strands there cannot be ruled out.
We favor the interpretation that significant,
widespread top-to-the-east detachment faulting
along the western side of the Salton Trough
began in late Miocene time rather than in early
or mid-Miocene time, because it is in better
agreement with (1) regional constraints favoring a late Miocene onset of extension in the
northern Gulf Extensional Province (e.g., Stock
and Hodges, 1989; Lee et al., 1996), and (2)
widespread constraints provided by Salton
Trough deposits (see below). Regardless of the
age of earliest extension in any specific area in
the Salton Trough, we regard the main phase of
slip on the west Salton detachment system to
have been concurrent with deposition of the
Imperial and Palm Spring formations and their
immediate precursors, which were all deposited
in late Miocene to Pleistocene time.
Such strata are exposed along much of the
western margin of the Salton Trough (Dibblee,
1954) and mainly are represented by marine,
marginal marine, and deltaic deposits of the
Imperial Formation overlain by fluvial, deltaic,
and lacustrine deposits of the Palm Spring
Formation (e.g., Winker and Kidwell, 1996).
Both the Imperial and Palm Spring formations
grade westward into the coarse Canebrake Conglomerate (Dibblee, 1954, 1996a, 1996b;
Winker and Kidwell, 1996), which we interpret
as the fault-scarp facies of the detachment sys-
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tem for the following reasons: (1) the conglomerate is locally derived from the west and has
been widely interpreted as a fault-scarp facies,
yet the controlling faults had not been clearly
identified (Winker and Kidwell, 1996); (2) the
conglomerate crops out in a band only a few
kilometers wide (Dibblee, 1954; Weber, 1963;
Winker and Kidwell, 1996) that is adjacent to
the west Salton detachment system for most of
its length (Figs. 5 and 6), from the Ocotillo
accommodation zone of Axen (1995) to the
central Santa Rosa Mountains; and (3) conglomerates assigned to the Canebrake typically
are faulted by the detachment system (Figs. 5
and 6) (e.g., Sharp, 1979; Calzia et al., 1988).
These observations are easily explained if the
west Salton detachment system controlled subsidence of the Imperial-Palm Spring basin and
accumulation of the Canebrake Conglomerate.
This timing also is identical to that discussed
above for the Laguna Salada region.
Undoubtedly, the most well-studied and continuous section of Salton Trough fill is that of
the Fish Creek-Vallecito basin (Fig. 6) (e.g.,
Kerr and Kidwell, 1995; Winker and Kidwell,
1996). Johnson et al. (1983) showed that Imperial and Palm Spring sedimentation and subsidence rates in the Vallecito-Fish Creek area
declined exponentially from highs of 5.5 m m /
yr and 1.5 mm/yr, respectively, at ~ 4 . 3 Ma to
rates of 0.5 mm/yr and 0.1 mm/yr at ~ 0 . 9 Ma,
when the Elsinore fault began to move and
induced uplift. Ingle (1974) demonstrated that
lowest Imperial Formation beds near the section
studied by Johnson et al. (1983) were deposited
at upper bathyal depths (>100 m). The landslide megabreccia (mentioned above) is overlain
by the Fish Creek Gypsum, which is, in turn,
overlain by a second landslide deposit that is
overlain by the Imperial Formation (Kerr et al.,
1979; Winker and Kidwell, 1996). The Fish
Creek Gypsum is the oldest marine deposit in
the southwestern Salton Trough, and fossils
from the gypsum limit its age to between 6.3
and 4.3 Ma (Dean, 1990, 1996).
These facts agree well with the hypothesis of
Winker and Kidwell (1996) that the onset of
major extension post-dated deposition of the
lower to mid-Miocene braided-stream and volcanic deposits in the southwestern Salton
Trough (see above) and suggest that major
extension began in latest Miocene time with
alluvial-fan deposition, followed by rapid con-
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struction of topographic relief that allowed
landslides to be shed into the basin, and led
almost immediately to submergence of the
Salton Trough to upper-bathyal depths. We
obtain a range of reasonable ages for onset of
extension through conservative extrapolation
back in time using sedimentation rates and
thickness of probable syntectonic, postvolcanic
deposits below those studied by Johnson et al.
(1983). The thickness of alluvial-fan deposits,
landslide megabreccias, Fish Creek Gypsum
deposits, and Imperial Formation strata below
those studied by Johnson et al. (1983) is almost
certainly < 1 km (see Winker and Kidwell,
1996). Using the range of sedimentation rates
determined for the Imperial Formation and
Palm Spring formations of 0.5 to 5.5 mm/yr, we
conclude that onset of rapid basin subsidence,
and presumably of rapid extension and detachment faulting, could reasonably have been
between 6.3 and 4.5 Ma, respectively, in the Fish
Creek-Vallecito area.
The Fish Creek-Vallecito basin and its crystalline basement all lie in the upper plates of
detachment faults (Sharp, 1979). Dibblee
(1996b) has shown how some of the sedimentary relationships there can be explained if the
basin fill was deposited amidst W-tilting fault
blocks that he considered to be bounded by, and
contemporaneous with, subvertical dextral
faults of the San Jacinto and Elsinore systems.
Such tilted blocks are common in the hanging
walls of detachment faults elsewhere and we
view this interpretation as likely valid in the
Fish Creek-Vallecito area also, with the dextral
faults having developed later.
We are skeptical of assignment of upper-plate
conglomerate and breccia in the Pinyon
Ridge-Yaqui Ridge and Pinyon Mountains
areas (Fig. 6) to units older than Plio-Pleistocene Canebrake Conglomerate. Schultejann
(1984), working in the Pinyon Ridge-Yaqui
Ridge area, suggested that upper-plate megabreccia there belongs to the lower to mid-Miocene Anza Formation, although she emphasized
the uncertainty of this correlation. Similarly,
Stinson and Gastil (1996), working in the
Pinyon Mountains, designated upper-plate conglomerate as "Tertiary." In both cases, Dibblee
(1954) assigned the strata in question to the
Plio-Pleistocene Canebrake Conglomerate. We
follow Dibblee's assignment because: (1) he
paid particular attention to sedimentary

deposits and their structure; (2) he mapped
large areas nearby, so was well qualified to
develop and apply a lithologically consistent
stratigraphic nomenclature; (3) both Schultejann (1984) and Stinson and Gastil (1996)
strongly emphasized characteristics of the crystalline basement with little attention paid to
upper-plate strata; (4) Lough (1993) recognized
Canebrake Conglomerate in fault contact along
the detachment faults at Whale Peak; and (5)
maps of the Pinyon Ridge-Yaqui Ridge area
show the Pleistocene Borrego Formation in
fault contact with the bedrock (Dibblee, 1954;
Schultejann, 1984), indicating that detachment
faulting there continued well past mid-Miocene
time.
Stratigraphic relationships in the northern
Salton Trough also indicate late Miocene onset
of rapid sedimentation and marine incursion,
although it is impossible to tie this directly to
detachment tectonics. Rymer et al. (1994)
reported that the Imperial Formation at Garnet
Hill (Fig. 5) in the northeast Salton Trough is
underlain by a sandstone unit that contains an
ash bed that, on the basis of glass chemistry, has
been correlated with an ash bracketed between
7.6 and 8.0 Ma (according to diatom biostratigraphy). In the Whitewater area (Fig. 5),
Allen (1957) mapped the Coachella Fanglomerate and interfingered intermediate flows,
which are the oldest units there. The fanglomerate laps northward onto bedrock paleohighs
along a buttress unconformity (Allen, 1957)
and paleocurrents were southward into the
trough from a source now displaced dextrally to
the southeast by the San Andreas fault (Peterson, 1975). One of the Coachella flows has been
dated by K/Ar methods as 10.0 ± 1.2 Ma
(Peterson, 1975), suggesting a late Miocene
onset of rapid basin subsidence. The Coachella
Fanglomerate is faulted against crystalline basement along E-striking faults and the entire
assemblage is unconformably overlain by a thin
(<100 m) section of Imperial Formation that
contains fossils indicative of late Miocene or
early Pliocene deposition, probably after 8.3 Ma
(Ingle, 1974; McDougall et al., 1994). The
northwesternmost exposures of Imperial Formation and related sedimentary deposits are
located between San Andreas-related thrusts
(Fig. 5). The Imperial there lies conformably on
the undated Hathaway Formation, which comprises > 3 3 0 m of arkosic sandstone, siltstone,
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conglomerate, and local spring-deposited freshwater limestone, overlain conformably by >200
m of coarse conglomerate (Allen, 1957). The
Imperial Formation in both areas is conformably overlain by the Painted Hill Formation—
>1000 m of continental sandstone, conglomerate, and intercalated basalt flows (Allen, 1957),
two of which have been dated at 6.04± 0.18 and
5.94 + 0.18 Ma by the K/Ar method (Matti and
Morton, 1993). Thus, marine deposition, but
not tectonism, in the northernmost Salton
Trough ended before Pliocene time.
Direction of slip on the west Salton detachment
system
The direction of slip on the west Salton
detachment system is somewhat difficult to
characterize because: (1) some authors have
equated slip direction on brittle faults with
lineation directions in the older east Peninsular
Ranges mylonite zone (e.g., Sharp, 1979;
Erskine and Wenk, 1985); (2) subsequent
deformation related to late dextral faults of the
San Jacinto and Elsinore fault systems may have
rotated detachments and surrounding rocks
around subvertical axes (e.g., Johnson et al.,
1983) or subhorizontal axes (e.g., Dibblee,
1996a); and (3) some faults interpreted here as
part of the detachment system may have developed earlier so, whether reactivated or not, may
record unrelated kinematic indicators. Below,
we review the evidence for direction of slip on
the detachments of the west Salton system,
beginning from the north and continuing
south.
Sharp (1979, p. 4) described the lower 30 m
of "thrust" (detachment) hanging walls as
"progressively comminuted country rock that
becomes microcrystalline ultramylonite and
possibly pseudotachylite, typically 0.5 to 3 m in
thickness" and lacking "internal linear structures," and used the plunge of troughs in the
faults to infer movement direction on the lowangle faults: E-W in the Pinyon Mountains-Whale Peak area and central Santa Rosa
Mountains but NNE-SSW in the northern
Santa Rosa Mountains. On the basis of these
directions, Sharp (1979) inferred top-to-thewest or SSW transport because he favored a
thrust interpretation, but we feel that, if the
troughs record detachment slip direction, it was
to the east and/or northeast. However, folding
subsequent to cessation of detachment slip may
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have been important in formation of these
troughs.
In the northern Santa Rosa Mountains
(northern trough of Sharp, 1979), Erskine and
Wenk (1985, p. 274) described a "well-developed chloritic breccia zone . . . commonly
present beneath the fault surfaces," consistent
with detachment-related, rather than thrustrelated, development, with "trend of linear sliprelated structures on the fault surfaces" (p.
275) toward the northeast and normal-sense
drag-related structures near some of the fault
surfaces. They also summarized oxygen-isotope
and mineralogical data for upper-plate rocks
that suggest a southwesterly source relative to
regional trends.
In the southern Santa Rosa Mountains, Wallace (1982) studied a detachment fault that dips
southeast and commonly juxtaposes Canebrake
Conglomerate over crystalline rocks. Striae on
the fault, measured in two places, trend N48°E
and N50°E (Wallace, 1982). Upper-plate strata
generally dip southwest and are cut by normal
faults that mostly strike between northwest and
northeast (Wallace, 1982). We interpret these
data to suggest top-to-the-northeast transport
on the detachment in the southern Santa Rosa
Mountains. In contrast, Wallace and English
(1982; see also Wallace, 1982) suggested top-tothe-southwest motion on the detachment in the
southern Santa Rosa Mountains based on the
N 5 0 ° W average strike of tension veins and a
Hansen analysis of asymmetric folds in sheared
foot wall rocks subjacent to the faults. However,
they did not describe the dip of the tension
gashes relative to that of the faults, which is
critical for inferring shear sense as opposed to
extension direction, and the asymmetric folds
shown in their Figure 4 (which unfortunately is
not oriented) are sigmoidal tails of lithons
between shear bands within the foot wall shear
zone. Hence, we do not feel that the southwest
sense of transport inferred by Wallace and
English (1982) is robust.
Schultejann (1984) reported NE-plunging
striae on the Yaqui Ridge detachment and inferred top-to-the-northeast transport of the upper
plate. Stinson and Gastil (1996) showed two
sets of striae and mullions on the detachments
in the Pinyon Mountains, one set plunging
moderately to gently north and the other set
plunging gently west. They also show N- to
NNW-striking tension gashes in the footwall
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and two sets of footwall normal faults, clipping
moderately east and west. Together, these data
suggest an overall E-W extension direction with
top-to-the-east displacement on the detachment
zone (Stinson and Gastil, 1996). N-trending
striae may be explained by late flexural-slip
folding, but this interpretation is uncertain.

Late Miocene-Pleistocene net slip on the
detachments of the west Salton system also is
difficult to determine precisely. For most of its
length, the detachment system is parallel to the
eastern Peninsular Ranges mylonite zone,
which Sharp (1979) argued is terminated
southward, where it is gently cross-cut by lowangle faults that we interpret as detachments.
This truncation occurs near the Pinyon Mountains (Fig. 6), but he traced the brittle faults
several kilometers farther south, to the northeast side of the Tierra Blanca Mountains, where
the Elsinore fault exits from the Peninsular
Ranges (Rockwell et al., 1986) in the region of
the Ocotillo accommodation zone of Axen
(1995). We tentatively interpret this to indicate
that displacement on the west Salton detachment system may increase northward, exposing
progressively more of the mylonite belt in that
direction, and die out southward, as is typical of
normal fault systems as they enter accommodation zones (e.g., Bosworth, 1985).

along the late normal faults between the mismatched rock units. In the Pinyon Mountains-Whale Peak area, Stinson and Gastil
(1996) and Lough (1993) suggested ~ 5 to 7 km
of east-west extension on the basis of inferred
vertical offset of an Eocene erosion surface on
t h e Peninsular Ranges.
Cretaceous and Paleocene apatite fissiontrack cooling ages (Dokka, 1984; George and
Dokka, 1994) from the Santa Rosa and San
Jacinto Mountains suggest that the footwall of
the Santa Rosa detachment system was rapidly
cooled through the temperature range from
130° to 70 °C by ~ 7 6 Ma and that the mylonite
belt itself was cooled through that range by ~60
Ma. Wolf et al. (1997) present U-Th/He age
data for apatites from the San Jacinto Mountains. Such ages record cooling through the
range of ~ 1 0 0 ° -45 ° C, and were interpreted to
indicate that the San Jacinto block did not
undergo rapid cooling due to tectonic unroofing until after ~ 1 7 Ma, if at all. These data
potentially place constraints on the displacement of the fault system. However, the present
lack of detailed geometric control on the fault
system (s) and mylonite zone along with the fact
that upper-plate apatite fission track ages (~60
Ma, Dokka, 1984) are younger than lower-plate
ages (~76 Ma, George and Dokka, 1994), which
is opposite of most detachment terranes, hinder
use of the low-temperature cooling ages for
structural purposes.

Most displacement estimates for the detachment system are based on the fact that upper and lower-plate rocks are distinct, which
implies that the horizontal overlap in the direction of transport is a minimum displacement.
This amount is ~ 1 1 km in the Santa Rosa
Mountains (Sharp, 1979). However, significantly greater extension is permissible based on
the fact that several fault strands are present
and that mineralogy and oxygen isotopes of the
upper-plate intrusive rocks are consistent with
an origin tens of kilometers farther west in the
Peninsular ranges (Erskine and Wenk, 1985).
At present, it is impossible to say how much, if
any, of this extension may have accumulated in
Cretaceous time (e.g., Erskine and Wenk, 1985;
George and Dokka, 1993). Furthermore, much
or all of the overlap between upper- and lowerplate rocks may have occurred during Cretaceous thrust emplacement of Santa Rosa Mountains rocks, so that little extension is required

We find none of the existing estimates of
detachment slip compelling, but note that the
range of 5 to 7 km is probably a minimum. If the
detachments originated at very low dips, or if
the Peninsular Ranges geothermal gradient was
abnormally low (e.g., due to cooling by the
underlying subducted slab; Dumitru et al.,
1991), then much larger displacements are possible within the limits of apatite fission-track
and U-Th/He data (e.g., Dokka, 1984; George
and Dokka, 1994; Wolf et al., 1997). Slip distributed across stacked, anastomosing faults, as
is common in the west Salton detachment system, can also allow increased slip without
unroofing hot rocks in any particular slice.
Also, the present exposure of the detachment
terrane is arguably within a few to several
kilometers of its breakaway. Because net slip on
basal detachments increases downdip as the slip
of hanging-wall faults is cumulatively transferred to the detachment, the net slip on the
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detachment system beneath the Salton Trough
is almost certainly greater than the amounts
argued for near the breakaway. An estimate of
10 to 20 km is consistent with the available data
but poorly constrained.
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Discussion and Conclusions
The bulk of the data we present is consistent
with an important late Miocene-Pleistocene
brittle detachment faulting event in the Laguna
Salada-Salton Trough region. The detachment
terrane has a strike length of ~ 2 5 0 km and can
be divided into two segments of opposite vergence—the top-to-the-west Laguna Salada segment and the top-to-the-east west Salton
segment—each of which apparently has less
displacement as the Ocotillo accommodation
zone is approached. The Laguna Salada system
may still be active under the Laguna Salada
basin and Sierra Juárez. Each segment is characterized by lower-plate crystalline rocks and an
upper plate of internally detachment-faulted
crystalline rocks and upper Miocene-Pleistocene strata. The magnitude and direction of net
slip on the detachment systems are poorly constrained, but net slip is at least 5 to 7 km, likely
on the order of 10 to 20 km, and is generally topto-the-west or -southwest on the Laguna Salada
system and top-to-the-northeast or -east on the
west Salton system. These relations and the
timing of detachment slip require rethinking of
several widely held ideas.
Age data discussed here indicate that the two
detachment systems were active synchronously
and largely overlapped temporally with slip on
the San Andreas fault system and formation of
transitional and oceanic crust in Gulf spreading
centers and the Salton Trough. The San
Andreas system in the Salton Trough is thought
to have been active since at least 4 or 5 Ma, may
have been active between 12 and 5 Ma, and
conceivably may have begun activity as long ago
as 17 Ma (e.g., Crowell, 1981; Powell and
Weldon, 1992; Matti and Morton, 1993; Powell,
1993; Dickinson, 1997). Although it is beyond
the scope of this paper to discuss relationships
among the detachment systems, the San
Andreas fault, and the formation of new transitional crust, it is clear that such a re-evaluation
is needed.
Paleomagnetic declination anomalies from
northeastern Baja California and the south-
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western Salton Trough suggest that clockwise
rotations about vertical axes have been important at least locally and may have been regionally important. Clockwise rotations have been
reported from: (1) red Pliocene (?) mudstones
(Palm Spring Formation?) in the footwall of the
Canon Rojo fault (~30°) (Fig. 3) and (2) along
the coast near the Puertecitos accommodation
zone (~30°) (Fig. 2) (both in Strangway et al.,
1971); (3) mid-Miocene Alverson Volcanics in
the Coyote Mountains (45° to 111 0 ) (Fig. 6)
(Mace, 1981); (4) Plio-Pleistocene strata in the
Fish Creek basin (35°) (Fig. 6) (Johnson et al.,
1983); and (5) ignimbrites of 12 to 6 Ma age in
the Sierra San Fermín immediately northeast of
the eastern end of the Puertecitos accommodation zone (~30°) (Fig. 2) (Lewis and Stock, in
press). Lewis and Stock identified NE-striking
sinistral-normal faults that have accommodated
clockwise rotation in the Sierra San Fermín,
and argued that similar faults are present along
the entire length of the Valle San Felipe-Sierra
San Pedro Mártir segment (Fig. 2) based on
mapping by Gastil et al. (1975). They suggested
that a regional shear couple is reflected by the
rotation and postulated that blocks there
rotated above either a deep, vertical, dextral
shear zone or above low-angle normal faults at
depth. The northern sites (Canon Rojo, Coyote
Mountains, and Fish Creek basin) lie near or
within dextral fault zones and so may reflect
local wrench-related rotation. All five areas lie
above major listric normal faults or detachment
faults, and we suspect that rotations may be
limited to upper plates of such faults regionally.
Paleomagnetic studies to test for rotation of
detachment footwalls are needed to verify this
hypothesis and determine if detachment-slip
directions inferred here should be corrected for
vertical-axis rotation.
The only area where low-temperature thermochronometers (e.g., apatite fission-track
dates) are known to have been reset is in the
northern Sierra El Mayor. We interpret this as
probably resulting from the west Salton detachment system rooting east into a region of formation of transitional crust that may have
accommodated part of the E-W extension, a
component that probably was entirely absorbed
on the Laguna Salada detachment system farther south. Alternatively, the west Salton system may have been shut off earlier than the
Laguna system as it entered the transpres-
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sional/transrotational "big-bend" segment of
the San Andreas system.
Gastil and Fenby (1991) suggested that
detachment and listric normal faults along the
east side of the Peninsular Ranges in California
and Baja California may have been driven by
gravity, sliding into the Gulf as a mechanism to
infill the gap created by its opening. The data
discussed here do not support this model in
that: (1) the Laguna Salada detachment system
roots in the wrong direction; and (2) the
detachment faults may have initiated before
formation of transitional crust, which would
require that they formed before the " h o l e " that
needed filling. Like Frost et al. (1996a, 1996b)
we view these detachments as rooted crustal
responses to whole-lithosphere extension, not
as slides in response to gravity tectonics.
However, Frost et al. (1996a; 1996b) interpreted the west Salton detachment system as
mid-Miocene in age, similar to detachments
farther east in southern California and western
Arizona (see also Wallace and English, 1982;
Stinson and Gastil, 1996). We know of no data
that prove that any E- or W-directed detachment faults in the region discussed here were
active in latest Oligocene-middle Miocene
time, the period of peak detachment slip in the
lower Colorado River trough (e.g., Davis and
Lister, 1988; Spencer and Reynolds, 1989;
Spencer et al., 1995). Thus, we cannot support
correlations of the west Salton detachment system to the system in the lower Colorado River
trough (Wallace and English, 1982; Frost et al.,
1996a, 1996b). The fact that the upper Miocene
marine or lacustrine Bouse Formation (Buising,
1990; Spencer and Patchett, 1997) in the lower
Colorado region is generally < 0 . 5 km thick and
little deformed is consistent with the late Miocene deposition there in a topographic low remnant from earlier extensional events (Buising,
1990); Laguna Salada and the Imperial-Palm
Spring basin in the Salton Trough continued to
actively subside and deform in response to
detachment and wrench tectonics into Pleistocene-Recent time, reaching thickness roughly
an order of magnitude greater than that of the
Bouse Formation. Nevertheless, the thin upper
Miocene Imperial Formation exposed in the
northern Salton Trough may well have been
adjacent to the southern Bouse Formation
exposures in late Miocene time and subse-

quently been
Andreas slip.
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