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ABSTRACT

Mid-Miocene to Pliocene (11 to 6 Ma) displacement on the shallowly northwest-dipping
Silver Peak—Lone Mountain detachment system transferred 30 to 40 km of right slip from the
Furnace Creek transcurrent fault 85 km east-northeast to the central Walker Lane strike-slip
faults. Top-to-the-northwest slip on the detachment was accompanied by upper-plate extension
on steeply dipping faults and large-scale exhumation of midcrustal rocks of the lower-plate
complex. Doubly plunging, northwest-trending folds (turtleback structures) control the out-
crop distribution of the extensional complex and formed in response to simple shear of the
footwall complex. Activity on the detachment ceased as Miocene-Pliocene (6—4.8 Ma) volcanic
rocks were erupted and deformed during the final stage of northwest-trending folding. Late
Pliocene to Holocene displacement transfer shifted north to a curved array of steeply dipping
faults that may be underlain by a shallowly northwest-dipping detachment.

INTRODUCTION

The association of dip-slip and strike-slip faults is well estab-
lished within extensional and transcurrent tectonic regimes. Typi-
cally, one set of faults is subordinate and serves as a displacement
transfer mechanism, such as extensional faults within releasing
bends of transcurrent systems or as strike-slip transfer faults within
or between extensional complexes. Within wrench systems, exten-
sional faults link dilational jogs or steps in strike-slip faults and result
in pull-apart basins (Crowell, 1974) or extensional duplex systems
(Woodcock and Fischer, 1986). In the near surface, extensional
structures are viewed as high-angle faults, but subsurface geome-
tries are poorly understood. As proposed by K. Arbenz (Man-
speizer, 1985) and imaged in seismic-reflection profiles of the Ridge
basin in California (May et al., 1993) and the Dead Sea basin (ten
Brink and Ben-Avraham, 1989), pull-apart basins ostensibly are un-
derlain by shallowly dipping detachments linking strike-slip faults.

In this context, areally restricted extensional complexes such as
the Death Valley system of California (Wright et al., 1974), the
Rhodope complex of northwestern Greece (Dinter and Royden,
1993), and extensional windows in the Alps (Selverstone, 1988) may
have formed in tectonic settings similar to those responsible for the
exhumation of lower-plate rocks exposed in the Silver Peak-Lone
Mountain extensional complex of the central Walker Lane area.
There, displacement transfer between stepped transcurrent faults
occurred on a shallowly dipping decollement resulting in large-scale
extension in the area between the strike-slip faults.

TRANSCURRENT FAULTS IN THE WESTERN GREAT BASIN
The late Cenozoic Walker Lane belt (Stewart, 1988) marks the
boundary between the Great Basin province and the Sierra Nevada
(Fig. 1) and is characterized by northwest-striking transcurrent
faults and coeval dip-slip faults formed in response to spatially seg-
regated components of a partitioned displacement field (Oldow,
1992). Within the central Walker Lane belt, faulting began between
15 and 10 Ma (Hardyman and Oldow, 1991) and resulted in cumu-
lative right slip of 60 to 75 km and coeval extension of 20 to 45 km
(Oldow, 1992). The faults commonly have surface breaks in Qua-
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Figure 1. Late Cenozoic faults of western Great Basin and generalized
geologic map of Mina deflection region of west-central Nevada. FCF—
Furnace Creek fault, OVF—Owens Valley fault, WLF—Walker Lane faults,
MD—Mina defiection, R—Reno, B—Bishop, T—Tonopah.
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ternary deposits, and the Walker Lane belt is one of the most seis-
mically active parts of the western Great Basin (Rogers et al., 1991).

Within the Walker Lane belt, recent fault activity does not con-
tinue southeast of Tonopah (Fig. 1) but steps west and is concen-
trated along the Furnace Creek and Owens Valley fault systems of
eastern California. In Owens Valley, numerous recent surface
breaks define a fault zone ~300 km long that is composed of north-
northwest-striking faults with different components of dip-slip and
strike-slip motion. Net strike-slip across the Owens Valley fault
zone is only a few kilometres (Stewart, 1988), possibly because of
the relative youth of the system, which formed between 3 and 5 Ma
(Bachman, 1978). Farther east, cumulative right slip of 40 to 50 km
(Stewart, 1988; Reheis, 1992) occurs along the Furnace Creek fault
(Fig. 1), which began activity between 12 and 8 Ma (Reheis and
McKee, 1991). The northwest-striking Furnace Creek fault stretches
250 km from southeast California to a northern terminus in western
Nevada (Reheis, 1992; Oldow, 1992).

MINA DEFLECTION

Northwest-trending faults of the Walker Lane belt are joined by
the Mina deflection (Wetterauer, 1977), which is a 120-km-long and
75-km-wide belt of east-northeast-striking late Cenozoic faults and
corresponding diffuse swath of seismicity (Ryall and Priestly, 1975).
High-angle faulting within the Mina deflection postdates late Mio-
cene to Pliocene volcanic rocks (e.g., Stewart et al., 1982) but may
have begun earlier. The bend in late Cenozoic structures and seis-
micity is attributed to pre-Cenozoic crustal structure (Wetterauer,
1977; Cogbill, 1979) and follows the isotopically located boundary
between continental and noncontinental crust (Kistler, 1991).
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Figure 2. Generalized geologic map of Silver Peak—Lone Mountain exten-
sional complex. FCF—Furnace Creek fault, FLV—Fish Lake Valley, SPR—
Silver Peak Range, LM—Lone Mountain, CV—Clayton Valley, MR—
Mineral Ridge.
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East-northeast-striking faults of the Mina deflection kinemati-
cally link transcurrent faults of the central Walker Lane with those
of the Furnace Creek and Owens Valley fault systems (Oldow,
1992). At their northern ends, the eastern strand of the Owens Valley
fault and the Furnace Creek fault bend to the east and merge with the
east-northeast-striking faults (Fig. 1). A comparable change in fault
orientation is observed at the southern end of the central Walker
Lane, where north-northwest and northwest strikes prevail. Indi-
vidual strands of mapped faults change orientation through nearly
90°, forming curves with radii of between 10 and 20 km. Slip on the
faults changes systematically from right oblique on north-northwest-
striking fault segments to left oblique on east-northeast-striking fault
segments. Downdip displacement is recorded on faults at the apexes
of the curves (Fig. 1), where extension is expressed as deep Pliocene
to Quaternary alluvial basins (Oldow, 1992). Regional gravity anal-
ysis (Saltus, 1988) indicates that the basins have steep boundaries
and, where analyzed by detailed gravity studies (Cogbill, 1979), are
~1.5 to 3.0 km deep. .

South of the Mina deflection (Fig. 2), northwest-trending tur-
tleback structures (Kirsch, 1971) of the Silver Peak-Lone Mountain
extensional complex (Oldow, 1992) are exposed. Late Miocene to
Pliocene extension on a shallowly dipping detachment (Stewart and
Diamond, 1990) juxtaposed an upper-plate assemblage of moder-
ately to steeply dipping upper Miocene clastic and relatively unmet-
amorphosed lower Paleozoic rocks and a lower plate composed of
amphibolite-facies metamorphic tectonites. The upper-plate rocks
exhibit bedding-cutoff angles with the underlying detachment indi-
cating top-to-the-northwest displacement (Stewart and Diamond,
1990). Lower-plate tectonites are Lower Cambrian to Precambrian
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Figure 3. Apatite and zircon fission-track ages from lower plate
exposed at Mineral Ridge. Analyses by R. A. Donelick using
standard techniques. Initial dip estimate for Silver Peak—Lone
Mountain detachment determined by using exhumation rate of
lower-plate rocks calculated for a range of geothermal gradi-
ents and horizontal displacement rate of Furnace Creek fault.
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carbonate and clastic rocks that were intruded by synmetamorphic
felsic plutons. Metamorphism occurred prior to Miocene-Pliocene
extension (Stewart and Diamond, 1990), during late Mesozoic or
early Cenozoic tectonism that carried lower-plate rocks to mid-
crustal levels and temperatures of ~350 °C (Kohler et al., 1993),

Displacement on the detachment ceased during the extrusion of
6 to 4.8 Ma volcanic rocks, which unconformably overlie both up-
per- and lower-plate assemblages (Stewart and Diamond, 1990).
Both the detachment surface and overlying volcanic rocks are
warped in broad, northwest-trending folds with doubly plunging
axes. The folds have half-wavelengths of ~15 km and control bed-
rock exposure across the Silver Peak and Lone Mountain region
(Fig. 2). The folds define the long axis of the turtlebacks and are
parallel to the direction of upper-plate transport.

The cooling history of lower-plate rocks was determined by
fission-track analysis of apatite and zircon separates from the felsic
intrusions exposed at Mineral Ridge in the Silver Peak Range
(Fig. 3). Apatite samples indicate that lower-plate rocks passed
through ~100 °C at about 5.8 +0.5 Ma, and zircon separates from
the same samples cooled through ~200 °C at 11.0 +0.7 Ma. The
cooling ages of the lower-plate assemblage correspond to the timing
of major activity on the northern Furnace Creek fault (Reheis and
McKee, 1991) and with exhumation ages of the Death Valley tur-
tlebacks at the southern end of the Furnace Creek fault system
(Holm and Dokka, 1993).

DISPLACEMENT TRANSFER SYSTEM

The curved high-angle faults of the Mina deflection behave as
a displacement relay between the Owens Valley and Furnace Creek
faults and the central Walker Lane transcurrent faults. The amount
of displacement transferred by these faults is gauged by the geom-
etry of basins formed at the apexes of the curved faults. Given the
75 km width of the Mina deflection and reasonable estimates of basin
depths, <10 km of right-lateral displacement can have been trans-
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ferred between bounding transcurrent systems (Oldow, 1992). For
the limited right slip on the Owens Valley fault system, displacement
transfer by high-angle faults in the Mina deflection does not pose a
problem. In contrast, transfer of 40 to 50 km of right slip from the
Furnace Creek fault to the Walker Lane belt cannot be accommo-
dated by the high-angle faults and presents a displacement deficit of
more than 30 to 40 km.

Expanding on the work of Reheis (1992), we propose that ear-
lier displacement transfer was accommodated by northwest-di-
rected slip on the Silver Peak-Lone Mountain extensional fault sys-
tem. Given the present-day deformed state of the detachment, it is
important to estimate the initial dip of the fault. To this end, we use
the thermal history of lower-plate rocks and coeval slip rates on the
northern Furnace Creek fault. By using geothermal gradients cal-
culated by Lachenbruch and Sass (1978) for stable craton (20 °C/km)
and the Basin and Range (30 °C/km), conversion of the cooling his-
tory of the lower-plate assemblage to a vertical component of ex-
humation yields values of between 1.0 and 0.6 mm/yr. Post-late
Miocene slip rates for the northern and central Furnace Creek fault,
determined from offset plutons and layered rocks, are 4—~6 mm/yr
(Reheis and McKee, 1991; Oakes, 1987). Assuming displacement
compatibility between the transcurrent and detachment fault sys-
tems, the slip components are combined (Fig. 3) to yield an initial
detachment dip of <15°.

Perturbations of the thermal structure of this tectonically active
region are expected and may affect depth-conversion calculations.
Deviations from equilibrium thermal conditions caused by tectonic
displacements, coeval magmatism, and fluid migration predictably
would increase the apparent geothermal gradient. As pointed out by
Dokka (1993) in similar calculations for a detachment fault in the
Mojave desert, increased fault dip can be attained only if anoma-
lously low geothermal gradients prevailed. To increase the dip of the
Silver Peak-Lone Mountain detachment to 30° requires a geother-
mal gradient of ~10 °C/km, which may be possible if the thermal

Figure 4. Models of low-angle displacement trans-
fer system between Furnace Creek and Walker
Lane transcurrent faults (upper diagram) and of
simple-shear deformation and formation of north-
west folds of footwall assemblage of displacement
transfer system (lower diagrams 1 and 2). Lower
layer of model is undeformed for displacement ref-
erence frame.
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structure of the nearby Sierra Nevada is cool (Lachenbruch and
Sass, 1978). Dips of 45° and greater, however, are unlikely because
they require geothermal gradients of <5 °C/km.

We argue that the Silver Peak-Ione Mountain detachment was
a shallow northwest-dipping structure linking the Furnace Creek
and Walker Lane fault systems. This geometry is shown in the sim-
plified scheme of Figure 4, where strike-slip and shallowly dipping
detachment faults emanate from a common basal decollement prob-
ably located at midcrustal depths. Right slip on the bounding trans-
current fauits resulted in displacement of the upper plate to the
northwest. Subsidiary synthetic and antithetic faults in the upper
plate merged with the shallowly dipping detachment and formed
tilted blocks as the lower plate was drawn from beneath the over-
lying cover.

Northwest-trending folds of the detachment system are part of
progressive deformation associated with displacement transfer and
are not due to later superposed deformation nor crustal constriction
(e.g., Holm et al., 1993). Some component of continuum deforma-
tion was transferred from the bounding transcurrent faults and dis-
torted the upper and lower plates of the low-angle detachment sys-
tem. Northwest folds are related to simple shear—induced shortening
of the transfer-zone footwall (Fig. 4).

Fold growth apparently locked the detachment, resulting in
northern migration of the site of active displacement transfer.
Curved late Pliocene to Holocene high-angle faults of the Mina de-
flection accommodate displacement transfer and may be the surface
expression of a shallowly northwest-dipping transfer system.
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