Text and references for Nevada Bureau of Mines and Geology Map 140

GEOLOGIC MAP OF THE
GOVERNMENT WASH QUADRANGLE

CLARK COUNTY, NEVADA

Ernest M. Duebendorfer
Northern Arizona University

INTRODUCTION

The Government Wash 7.5 Quadrangle is located north of
the western part of Lake Mead in southern Nevada. The
Lake Mead area, between the Grand Wash Cliffs and Las
Vegas, Nevada, at about the latitude of 36° N, liesin the
central Basin and Range province (terminology of Wernicke,
1992) between (and south of) the Sevier orogenic belt and
the Colorado Plateau. A marked changein the style of Basin
and Range extension occursin the Lake Mead area. To the
south, the metamorphic core complexes of the Colorado
River extensional corridor expose ductilely deformed rocks
inthelower platesof regional detachment faults (Davisand
others, 1980; 1982; 1986; Howard and John, 1987; many
others) and major strike-dlip transfer zones (classification
of Fauldsand Varga, 1998) appear to berare. For 250 km to
thenorth, exposures of ductilely deformed lower-plate rocks
are rare and strike-slip transfer zones are common
(Duebendorfer and Black, 1992). The Lake Mead area
contains core compl ex-type detachment systems, the Saddle
Island and Lakeside Mine (Gold Butte block) faults, and
two of the largest strike-dlip transfer faultsin the Basin and
Range province. These faults, the Lake Mead fault system
and the Las Vegas Valley shear zone, mark the northern
terminus of the northern Colorado River extensional corridor
(Howard and John, 1987; Faulds and others, 1990, 1992).
The Government Wash Quadrangle can be divided into
two physiographic and structural domains. North of the
right-slip LasVegasValley shear zone, the Gale Hillsaverage
about 900 m in elevation and consist of athick section of
Miocene sedimentary rocks that overlie Mesozoic rocks
deposited in the foreland of the Sevier thrust belt (farther
north, in the Muddy Mountains, these same Miocene rocks
overlie Paleozoic rocks of the Muddy Mountains thrust
allochthon). South of the Las Vegas Valley shear zoneis a
topographically low (300-500 m) and relatively featureless
terrain developed on the Boulder basin (Longwell, 1936).

With the exception of areally limited exposuresin the upper
and lower plates of the Saddle | sland detachment fault (fig.
1), pre-Tertiary rocksare not exposed south of the LasVegas
Valley shear zone in Boulder basin. Because pre-Tertiary
rocks are not exposed here, and because it is possible that
the Saddle | sland detachment may underlie much of Boulder
basin (Duebendorfer and Wallin, 1991), the sub-Tertiary
geology of the southern half of the Government Wash
Quadrangleisnot known. Possibilitiesinclude: (1) theentire
Paleozoic and Mesozoic section, exposed at Frenchman
Mountain about 15 km west of the quadrangle, is present,
(2) highly dismembered, fault-bounded blocks of Paleozoic
and Mesozoic rock may occur at depth, and (3) the Tertiary
section could be juxtaposed against Proterozoic crystalline
rocks along the Saddle Island detachment, which projects
northward in the subsurface toward the Government Wash
Quadrangle, due to complete tectonic removal of the
Paleozoic and Mesozoic sections.

TERTIARY STRATIGRAPHY

Tertiary rocks in the Government Wash Quadrangle
comprise three unconformity-bounded sequences
(Bohannon, 1983, 1984). These are the Horse Spring
Formation (2613 Ma), theinformally named red sandstone
unit of Bohannon (1984) (12.1-8.5 Ma), and the Muddy
Creek Formation (8.5-5.8 Ma; Lucchitta, 1979; Feuerbach
and others, 1991).

Horse Spring Formation

The Horse Spring Formation is divided into four
lithologically distinct members (Bohannon, 1984). The
lowest member, the Rainbow Gardens (26-18 Ma;
Bohannon, 1984; Beard, 1996), records no evidence for
active faulting during its deposition and is considered to
predate extension (Bohannon, 1984; Beard, 1996). The



Rainbow Gardens Member isnot present inthe Government
Wash Quadrangle, but isexposedinthe Callville Quadrangle
to the east (Anderson, 2003). The Rainbow Gardens Member
consists of athin basal conglomerate overlain by gypsum
and limestone. Regionally, the Rainbow Gardens Member
isinterpreted as a shallow basin deposit (Bohannon, 1984;
Rice, 1987) that accumulated on alow-relief surface at the
southern margin of extensive volcanism in the Caliente,
Nevada, area (Beard, 1996).

The Thumb Member (17-13.5 Ma; Bohannon, 1984) of
the Horse Spring Formation comprises a complex sequence
of sandstone, siltstone, gypsiferous mudstone, conglomerate,
and megabrecciathat wasdeposited in avariety of terrigenous
environments including distal aluvia fan, fluvia channel
and floodplain, playa, and lacustrine. The Thumb sections
north and south of the Las Vegas Valley shear zone differ
markedly. North of the Las Vegas Valley shear zone, the

Thumb Member is dominated by boulder-cobble
conglomerate, sandstone, and siltstone with afew prominent
green tuff beds within the sandstone-shale sequence. Some
of thethickest sections of conglomerate are mapped separately
(Thtc, Thumb conglomerate), but appreciable thicknesses of
conglomerate also occur within the unit mapped as Tht.
Conglomeratic layers within the sandstone-dominated parts
of the Thumb typically grade laterally and abruptly into
sandstone and siltstone. No megabreccia deposits of
Proterozoic crystalline rocks are present north of the Las
Vegas Valley shear zone, but large landslide blocks of
Mississippian Monte Cristo Limestone and the Pennsylvanian
Bird Spring Formation are present in the Government Wash
and Callville Quadrangles. South of the Las Vegas Valley
shear zone, the Thumb Member is dominated by red
gypsiferous siltstone; sandstone is present only locally and
conglomerate is absent. West and north of Black Mesa, the
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Figure 1. Generalized geologic map of the Lake Mead area showing major faults and location of the Government Wash
Quadrangle. Bar and ball indicates downthrown side of normal faults, sawteeth on upper plate of thrust faults, arrows show
movement sense along strike-slip faults. Unadorned faults indicate complex oblique-slip or unknown movement sense.
BRF=Bitter Ridge fault, BSVF=Bitter Spring Valley fault, CCF=Cabin Canyon fault, CWF=California Wash fault, GBF=Gold
Butte fault, GWF=Grand Wash fault, HBF=Hamblin Bay fault, HSF=Hen Spring fault, LMF=Lakeside Mine fault, LRF=Lime
Ridge fault, LVVSZ=Las Vegas Valley shear zone, MBF=Mormon Basin fault, PF=Piedmont fault, RSF=Rogers Spring fault,
SIF=Saddle Island fault, SSF=Salt Spring fault; WF=Wheeler Ridge fault.



Thumb Member contains megabrecciablocks of Proterozoic
crystalline rocks up to several tens of metersin size. These
megabrecciasareinterpreted as proximal largerock avalanche
deposits and record early development of extension-related
topographic relief in the Lake Mead region. The source of
the megabreccias was probably the Gold Butte block, about
50 km to the east (Longwell, 1974; Parolini, 1986; Rowland
and others, 1990). The megabrecciadepositswere transported
to their present location by movement along normal and
strike-dlip faults (e.g., Duebendorfer and others, 1998)

The Bitter Ridge Limestone Member (13.5-13.0 Ma)
of the Horse Spring Formation consists of uniform
crystalline limestone with minor cal careous sandstone and
siltstone. It is confined to the area north of the Las Vegas
Valley shear zone. The unit was deposited in a large lake
that formed north of the Las Vegas Valley and Lake Mead
fault systems (Bohannon, 1984).

The Lovell Wash Member (13.4-13.0 Ma; Bohannon,
1984; Harlan and others, 1998), consists principally of
limestone and dolostone with interbedded air-fall tuffs and
tuffaceous sandstones. Although the Lovell Wash Member
islargely restricted to the area south of the Las Vegas Valley
shear zone in the Government Wash Quadrangle, it crops
out over alarge area north of the shear zone in the Callville
Bay Quadrangledirectly to theeast. An olivine phyric basalt
flow interbedded with tuffaceous and cal careous sandstone
and siltstone in the upper part of the of the Lovell Wash
Member of the Horse Spring Formation yielded a whole-
rock “Ar/*Ar plateau date of 13.17+0.10 Ma (Harlan and
others, 1998). An aphanitic basalt within the unit yielded a
whole-rock “Ar/**Ar isochron date of 13.28+0.09 Ma. These
mafic volcanic rocksoccur only south of the Las Vegas Valley
shear zone despite the fact that the thickest Lovell Wash
section lies north of the shear zone in the Callville Bay
Quadrangle.

Red Sandstone Unit of Boulder Basin

The Horse Spring Formation is overlain by the informally
named red sandstone unit of Bohannon (1984), a
heterogeneous unit of conglomerate, sandstone, siltstone,
claystone, air-fall tuff and tuffaceous sandstone. Within the
Government Wash Quadrangle, the red sandstone unit is
overlain by, and locally interbedded with, the volcanic rocks
of Cdlville Mesa. The largest exposures of red sandstone
unit are present south of the Las Vegas Valley shear zone;
however, scattered exposures are present directly north of
the shear zone in the northwest part of the quadrangle. A
conglomeratic faciesdirectly adjacent to the LasVegas Valley
shear zone containsclasts of Bitter Ridge Limestone Member,
indicating asourceto the north. In the central part of the map
area, the unit is a light brown to tan medium-grained
sandstone. Near Black Mesa, the unit is dominated by fine-
grained sandstone and gypsiferous siltstone. South of Black
Mesa, the red sandstone unit contains megabreccia deposits
that contain clasts of Proterozoic quartzofeldspathic
orthogneissand amphibolite, and blocks of hornblende-bictite

dacite dated at 12.93+0.10 Ma (Harlan and others, 1998).
The clast composition in the red sandstone megabreccia
depositsdiffersstrikingly from those of the Thumb Member,
which are dominated by 1.4 Ga megacrystic granites and
migmatitic pelitic gneiss. In addition, the red sandstone
megabrecciadeposits contain abundant fracture networksthat
are coated with riebeckite and edenite of probable
hydrothermal origin. Similar vein networksare present within
the Wilson Ridge pluton at the northern end of the Black
Mountains (Feuerbach, 1986). These observations suggest
different source areas for the two megabreccia deposits—
Gold Butte for the Thumb megabreccias and the northern
Black Mountains for the red sandstone unit.

In the central part of the map area, the red sandstone
unit overlies the Lovell Wash Member with no apparent
angular discordance. Elsewhere, the unit lies with variable
angular discordance on older rocks including the Thumb
Member. In places, the red sandstone unit is strongly (50°
upright to 85° overturned) tilted to the south and east. Dip
magnitudes in the unit locally decrease systematically up
section and there appears to be an intraformational
unconformity about 2 km west of the northern part of Black
Mesa. The unit is cut by many faults that do not cut the
overlying Muddy Creek Formation.

Volcanic rocks of Callville Mesa overlie and are
interbedded with the uppermost parts of the red sandstone
unit. This unit consists of basaltic andesite flows, breccias,
and rare plugs and is restricted to the Boulder basin (the
area south of the Las Vegas Valley shear zone, east of
Frenchman Mountain, and west of Hamblin Mountain).
Dates on the unit range from 11.41+0.14 (“°Ar/**Ar whole
rock, Harlan and others, 1998) to 8.49+0.20 (K/Ar
plagioclase, Feuerbach and others, 1991).

The above observationsindicate that the period between
12 and about 10 Mawas characterized by basin devel opment
and disruption, volcanism, normal faulting, and stratal tilting
and was the most tectonically active period in the western
L ake Mead area. Duebendorfer and Wallin (1991) suggested
that the red sandstone basin was formed as an extensional
basin in the upper plate of the Saddle Island detachment
during that time interval.

Muddy Creek Formation

The late Miocene Muddy Creek Formation (8.5-5.8 Ma,
Damon and others, 1978; Feuerbach and others, 1991)
contains coarse boulder-cobble conglomerate, sandstone,
siltstone, and gypsum. Exposures south of the Las Vegas
Valley shear zone probably represent continued filling of
the red sandstone basin that formed between 12 and 10 Ma
The Muddy Creek Formation is separated into alower unit
composed of claystone, siltstone, gypsiferous siltstone and
minor sandstone and conglomerate, a middle unit that
consists of gypsum and gypsiferous mudstone, and an upper
unit dominated by boul der-cobble conglomerate with minor
sandstone and siltstone. The Muddy Creek Formation is
interpreted as late extensional basin fill.



STRUCTURE

The Government Wash Quadrangle can be divided into two
principal structural and lithological domains, separated by
the Las Vegas Valley shear zone. North of the shear zone,
the Gale Hillsare characterized by highly faulted and folded
Tertiary and Mesozoic rocks. Mesozoic rocks are exposed
in awest-narrowing, fault-bounded and uplifted block that
is fundamentally anticlinal (note opposing dips in Thumb
Member strata on opposite sides of the uplifted block of
Mesozoic rocks; cross section A—A"). Highly sheared
Paleozoic and Triassic rocks are exposed in a narrow band
interpreted as marking the trace of the Las Vegas Valley
shear zone. Fault orientations are highly variable, but
northeast to east-northeast strikes dominate, with the
exception of strands of the Las Vegas Valley shear zone,
where strikes are west-northwest. The traces of fold axial
surfaces range from northeast to east-northeast in the
extreme northern part of the quadrangle to east-west and
west-northwest just north of the LasVegas Valley shear zone.
Paleozoic and Mesozoic rocks are not exposed south
of the Las Vegas Valley shear zone where late Tertiary and
Quaternary strata, known to either postdate or bracket only
the latest part of the deformational history, dominate.
Structural trends south of the Las Vegas Valley shear zone
are highly variable. The most conspicuous structure south
of the shear zone is an east-trending band of uplifted and
internally deformed strata of the Thumb and Lovell Wash
members of the Horse Spring Formation and the red
sandstone unit. Thisband of uplifted strataextends east from
the western boundary of the quadrangle to Black Mesaand
west for at least 3 kminto the adjacent Frenchman Mountain
Quadrangle (Castor and others, 2000). The trend of this
structure changes abruptly to a north-south orientation near
Black Mesa. Coincident with thischangein orientationisa
north-trending anticline that is overturned to the east.

Las Vegas Valley shear zone

Theprincipal structurein the Government Wash Quadrangle
is the Las Vegas Valley shear zone, which has well
documented right slip of 48+7 km based on stratigraphic
correlations and offset of Mesozoic thrust faults (Longwell,
1960; 1974; Burchfiel, 1965; Fleck, 1970; Wernicke and
others, 1988). Most or all activity on the Las Vegas Valley
shear zone appearsto be younger than 15 Ma(Fleck, 1970).
Duebendorfer and Wallin (1991) suggested that significant
movement may postdate 12 Ma. Paleomagnetic data from
north of the LasVegas Valley shear zone (Sonder and others,
1989, 1994; Jones and others, 1991) show that rocks as
young as 14 Ma are strongly rotated in a clockwise sense.
In the eastern and central parts of the quadrangle, the
shear zone consists of a series of highly brecciated fault
dlicesthat contain Permian and Triassic rocks. The principal
displacement zone is interpreted to coincide with fault

contacts (displaced by later left-slip faults) that separate the
Thumb Member from the narrow band of intensely
brecciated Permian and Triassic rocks. The presence of
structurally deep-level rocks at the surface requires a
substantial component of uplift within the shear zone. Dips
of individual fault strands range from subvertical near the
west end of the band of Permian and Triassic rocks to less
than 50° north in eastern part of the map area. Local down-
dip fault striae that overprint larger subhorizontal grooves
and mullions suggest that the shear zone may have been
reactivated as a reverse fault associated with post-red
sandstone, north-south shortening (discussed below).

The extension of the Las Vegas Valley shear zone to
the northwest is uncertain due to either burial beneath
alluvium or the lack of discrete faults. Thelack of faultsin
the Thumb Member and the red sandstone unit in the
northwest part of the quadrangle may be a function of
lithology. Both unitsin this area consist largely of strongly
tilted and folded and weakly to non-indurated gypsiferous
siltstone. It is possible that deformation associated with
movement on the shear zoneis penetrative throughout these
rheologically weak units.

Duebendorfer and Black (1992) interpreted the Las
Vegas Valley shear zone as an extensional transfer fault
between differentially extended blocks following the early
suggestions of Davisand Burchfiel (1973) and Wernickeand
others (1984). Displacement along the LasVegas Valley shear
zone appears to decrease to zero near Hamblin Mountain
and increase systematically to the west as suggested by
Duebendorfer and Black (1992) and corroborated by the
paleomagnetic studies of Sonder and others (1994).

Other faults

Steeply dipping, west-northwest-striking faults generally
accommodated normal or dextral movement, whereas
moderately dipping, west-striking faults are principally
reversefaults (Duebendorfer and Simpson, 1994). Right slip
faults are restricted to a narrow zone directly adjacent to
the Las Vegas Valley shear zone. West-northwest-striking
faults of all types are cut by northeast-striking faults.
Northeast-striking faults are the most abundant within
the quadrangle and range in dip from subvertical to
moderately east- and west-dipping. Steeply dipping faults
have subhorizontal striae with |eft-glip kinematic indicators
and moderately dipping faultshave normal dip displacement
(Duebendorfer and Simpson, 1994). Regionally, northeast-
striking faults, north of the Government Wash Quadrangle
(Bohannon, 1983) become oriented more easterly toward
the Las Vegas Valley shear zone, probably dueto clockwise
vertical axisrotations associated with the shear zone (Sonder
and others, 1994). These faults cut the Las Vegas Valley
shear zone, have subhorizontal striae, and exhibit left
separation, indicating that they are left-dlip faults.



In the central part of the quadrangle, azone of west- to
west-northwest-striking faults separates subvertical panels
of internally folded and faulted rocks of the Thumb and
Lovell Wash Members and red sandstone unit to the south
from the Muddy Creek Formation to the north. Theinternal
structure of thisfault zone and its structurally high position
aresimilar to that of the uplifted Permian and Triassic rocks
that mark the inferred trace of the Las Vegas Valley shear
zone 3—4 km to the north. A west-northwest-striking,
hypabyssal hornblende-plagioclase “diabase” dike (unit Ti
on map) occurswithin thisfault zone. Thefault zone exhibits
north-side-down separation but no fault striae were observed.

Folds

Most foldsin the Government Wash Quadrangle plunge 20—
40°east. Tight to nearly isoclinal folds are best developed
within 500 m north of the LasVVegas Valley shear zone. East-
trending folds with a more open profile are present both
north and south of the shear zone. Rocks as young as the
Muddy Creek Formation are involved in folding and folds
are spatially associated with reverse faults that also cut the
Muddy Creek Formation. Crosscutting relations suggest that
the folds and reverse faults are contemporaneous with one
another but predated, or werein part synchronous with, the
northeast-striking left-dlip faults.

An enigmatic, map-scale, steeply plunging fold is
present northwest of Black Mesa. Here, rocks of the Lovell
Wash and Thumb Members arerotated 90° from nearly east
striking and subvertical to north striking and overturned to
the east. The origin of thisfold is unknown.

Structural Chronology

All structures described above deform rocks as young as
the 12- to 10-Mared sandstone unit. Because the timing of
initiation of these structures cannot be determined, some
may have been active contemporaneously. Unambiguous
crosscutting relationships exist, however, that permit
development of the following structural chronology (from
oldest to youngest) based on the most recent phase of
movement of each set: (1) north- to northeast-striking normal
faults, (2) right-slip faults associated with and including the
LasVegasValley shear zone, (3) east-striking reversefaults
and east-trending folds, including reactivation of the Las
Vegasvalley shear zone asareversefault, and (4) northeast-
striking left-slip faults. The latter two events may, in part,
be contemporaneous.

Evidence for early normal faulting is indirect, but is
inferred based on the following observations: (1) Regionally,
normal faultsarerotated clockwise near the LasVegas Valley
shear zone suggesting that these structures partly predate
displacement along the shear zone. (2) Young east-trending
folds plunge consistently east. One way to accomplish this
systematic plunge is to fold strata with a pre-existing,
regional eastward tilt developed by dlip on west-dipping

normal faults. (3) Development of the Boulder basin
(Duebendorfer and Wallin, 1991) at 12-10 Ma (red
sandstonetime) suggests active normal faulting at that time.
Normal faults that accommodated extension in Boulder
basin may be conceal ed beneath the Muddy Creek Formation
and younger deposits.

The Las Vegas Valley shear zone and associated right-
dlip faults were clearly active at the time of deposition of
the red sandstone unit because they control the distribution
of facies within the unit (coarse cobble conglomerate
adjacent to the shear zone, fining to the south). The shear
zone cuts the red sandstone unit but islocally onlapped by
the Muddy Creek Formation indicating activity between 11.9
and 8.5 Ma. The inception of movement is indirectly
constrained to have postdated 13.5 Ma, the age of the
youngest rockswith thelarge clockwise rotation (upper part
of Thumb Member) (Sonder and others, 1994).

East-striking reversefaultsin the Las Vegas Valley shear
zone and associated tight folds clearly deform rocks of the
red sandstone unit, and locally, the Muddy Creek Formation.
Thisrelation requiresthat north-south shortening postdated
formation of the Boulder basin. The LasVegas Valley shear
zone may have been reoriented during shortening to a dip
of 40-60° north, an unusually low angle for amajor strike-
slip fault. South of the Las Vegas Valley shear zone, several
small reversefaultsplace Triassic strata or the red sandstone
unit over the Muddy Creek Formation. Slip dies out up
section within the Muddy Creek Formation suggesting that
reverse faulting was waning during Muddy Creek time.

Northeast- to east-northeast-striking | eft-slip faults cut
foldsand fault setsinthe areaincluding the LasVegas Valley
shear zone. These faults also cut rocks of the Muddy Creek
Formation and therefore were active, at least in part, after
8.5 Ma. Timing of inception of left-slip faulting in the
western Lake Mead areais unknown and it is possible that
left-dlip faulting may have, in part, been contemporaneous
with north-south shortening.

ACKNOWLEDGMENTS

This work was supported in part by grants to Duebendorfer
from the Nevada Bureau of Mines and Geology, the National
Science Foundation (EAR 90-17629), and the donors of The
Petroleum Research Fund, administered by the American
Chemical Society (PRF #29331-B2). | thank R.E. Anderson,
L.S. Beard, R.G. Bohannon, J.E. Faulds, and E.I. Smith for
informative discussions on the L ake M ead region over the past
several years. Office and field reviews of the map by R.E.
Anderson, L.S. Beard, and J.E. Faulds greatly improved the
final product. Steve Castor, Steve Rowland, and Jim Trexler
also contributed to field review of the map. Thanks also to
Gary O'Brien and Ken Puhn who assisted in map preparation.
| am particularly indebted to Jim Faulds for his patience and
prodding during the final stages of this project and to Susan
Tingley for her effortsin the final production of the map.



REFERENCES

Anderson, R.E., 2003, Geological map of the Callville Bay
quadrangle, Clark County, Nevada: Nevada Bureau of
Mines and Geology Map 139, 1:24,000.

Beard, L.S., 1996, Paleogeography of the Horse Spring
Formation in relation to the Lake Mead fault system,
Virgin Mountains, Nevada and Arizona, in Beratan,
K.K., ed., Reconstructing the history of Basin and
Range extension using sedimentol ogy and stratigraphy:
Geological Society of America Specia Paper, 303,
p. 27-60.

Bohannon, R.G., 1983, Geologic map, tectonic map, and
structure sections of the Muddy and northern Black
Mountains, Clark County, Nevada: U.S. Geological
Survey Miscellaneous Investigations Map 1-1406,
1:62,500.

Bohannon, R.G., 1984, Nonmarine sedimentary rocks of
Tertiary age in the Lake Mead region, southeastern
Nevada and northwestern Arizona: U.S. Geological
Survey Professional Paper 1259, 72 p.

Burchfiel, B.C., 1965, Structural geology of the Specter
Range quadrangle, Nevada, and its regional
significance: Geological Society of America Bulletin,
V. 76, p. 175-192.

Cadtor, S. B., Faulds, J.E., Rowland, S.M., and dePolo, C.M.,
2000, Geologic map of the Frenchman Mountain
Quadrangle, Clark County, Nevada: Nevada Bureau of
Mines and Geology Map 127, 1:24,000.

Damon, PE., Shafiqullah, M., and Scarborough, R.B., 1978,
Revised chronology for critical stagesin the evolution
of the lower Colorado River: Geological Society of
AmericaAbstract with Programs, v. 10, p. 101-102.

Davis, G.A. and Burchfiel, B.C., 1973, Garlock fault: An
intracontinental transform structure, southern
California: Geological Society of America Bulletin,
v. 84, p. 1407-1422.

Davis, G.A., Anderson, J.L., Frost, E.G., and Shackelford,
T.J., 1980, Mylonitization and detachment faulting in
the Whipple-Buckskin-Rawhide Mountains terrane,
southeastern California and western Arizona, in
Crittenden, M.D., Coney, PJ., and Davis, G.H., eds,,
Cordilleran metamorphic core complexes: Geological
Society of America Memoir 153, p. 79-129.

Davis, G.A., Anderson, J.L., Martin, D.L., Frost, E.G., and
Armstrong, R.L., 1982, Geologic and geochronologic
relationsin the lower plate of the Whipple detachment
faults, Whipple Mountains, southeastern California: A
progress report, in Frost, E.G., and Martin, D.L., eds,,
Mesozoic and Cenozoic tectonic evolution of the
Colorado River region, California, Arizona, Nevada:
San Diego, California, Cordilleran Publishing, p. 408—
432.

Davis, G.A., Lister, G.S., and Reynolds, S.J., 1986,
Structural evolution of the Whipple and South
Mountains shear zones, southwestern United States:
Geology, v. 14, p. 7-10.

Duebendorfer, E.M., and Black, R.A., 1992, The kinematic
role of transverse structures in continental extension:
An example from the Las Vegas Valley shear zone,
Nevada: Geology , v. 20, p. 87-90.

Duebendorfer, E.M., and Simpson, D.A., 1994, Kinematics
and timing of Tertiary extension in the western Lake
Mead region, Nevada: Geological Society of America
Bulletin, v. 106, p. 1057-1073.

Duebendorfer, E.M., and Wallin, E.T., 1991, Basin
development and syntectonic sedimentation associated
with kinematically coupled strike-slip and detachment
faulting, southern Nevada: Geology, v. 19, p. 87-90.

Duebendorfer, E.M., Beard, L.S., and Smith, E.I., 1998,
Restoration of Tertiary deformation in the Lake Mead
region, southern Nevada, in Faulds, J.E., and Stewart,
J., eds., Accommaodation zones and transfer zones: The
regional segmentation of the Basin and Range province:
Geological Society of America Special Paper 323,
p. 127-148.

Faulds, J.E., Geissman, JW., and Mawer, C.K., 1990,
Structural development of a major extensional
accommodation zonein the Basin and Range province,
northwestern Arizona and southern Nevada:
Implications for kinematic models of continental
extension, in Wernicke, B.P, ed., Basin and Range
extensional tectonics near the latitude of Las Vegas,
Nevada: Geological Society of America Memoir 176,
p. 37-76.

Faulds, J.E., Geissman, JW., and Shafiqullah, M., 1992,
Implications of paleomagnetic data on Miocene
extension near a mgjor accommodation zone in the
Basin and Range province, northwestern Arizona and
southern Nevada: Tectonics, v. 11, p. 204-227.

Faulds, J.E., and Varga, R.J., 1998, The role of
accommodation zones and transfer zonesin theregional
segmentation of extended terranes, in Faulds, J.E., and
Stewart, J., eds., Accommodation zones and transfer
zones: The regional segmentation of the Basin and
Range: Geological Society of America Special Paper
323, p. 1-46.

Feuerbach, D.L., 1986, Geology of the Wilson Ridge pluton;
a mid-Miocene quartz monzonite intrusion in the
northern Black Mountains, Mohave County, Arizona
and Clark County, Nevada[M.S. thesis]: University of
Nevada, Las Vegas, 79 p.

Feuerbach, D.L., Smith, E.I., Shafiqullah, M., and Damon,
PE., 1991, New K-Ar dates for late Miocene to early
Pliocene mafic volcanic rocks in the Lake Mead area,
Nevada and Arizona: 1sochron/West, no. 57, p. 17—-20.

Fleck, R.J., 1970, Age and possible origin of the Las Vegas
Valley shear zone, Clark and Nye Counties, Nevada:
Geological Society of America Abstracts with
Programs, v. 2, p. 333.

Harlan, S.S., Duebendorfer, E.M., and Deibert, J., 1998, New
“Ar/*Ar isotopic dates from Miocene volcanic rocks
in the Lake Mead area and southern Las Vegas Range:
Canadian Journal of Earth Sciences, v. 35, p. 495-503.



Howard, K.A., and John, B.E., 1987, Crustal extensionaong
arooted system of imbricatelow-anglefaults: Colorado
River extensiona corridor, Californiaand Arizona, in
Coward, M.P, Dewey, J.F., and Hancock, PL., eds.,
Continental extensional tectonics: Geological Society
of London Special Paper 28, p. 299-311.

Jones, C.H., Sonder, L.J., and Salyards, S.L., 1991,
Continuum behavior of paleomagnetically determined
vertical axis rotations of Miocene sedimentary rocks
near Lake Mead, Nevada: Eos Transactions, American
Geophysical Union, v. 72, p. 126.

Longwell, C.R., 1936, Geology of the Boulder Reservoir
floor, Arizona-Nevada: Geological Society of America
Bulletin, v. 47, p. 1393-1476.

Longwell, C.R., 1960, Possible explanation of diverse
structural patterns in southern Nevada: American
Journal of Science, v. 258-A (Bradley Volume), p. 192—
203.

Longwell, C.R., 1974, Measure and date of movement on
Las Vegas Valley shear zone, Clark County, Nevada:
Geological Society of AmericaBulletin, v. 85, p. 985—
990.

Lucchitta, 1., 1979, Late Cenozoic uplift of the southwestern
Colorado Plateau and adjacent lower Colorado River
region: Tectonophysics, v. 61, p. 63-95.

Parolini, J.R., 1986, Debrisflowswithin aMiocenealuvial
fan, Lake Mead region, Clark County, Nevada: [M.S.
thesig]: University of Nevada, Las Vegas, 120 p.

Rice, JA., 1987, Sedimentology, provenance, and tectonic
significance of the basal conglomerate of the Rainbow
Gardens Member of the Miocene Horse Spring
Formation, Lake Mead Area, Southeastern Nevada
[M.S. thesis]: University of Nevada, LasVegas, 171 p.

Rowland, S.M., Parolini, J.R., Eschner, E., McAllister, A.J.,
and Rice, JA., 1990, Sedimentologic and stratigraphic
constraints on the Neogene translation and rotation of
the Frenchman Mountain structural block, Clark

County, Nevada, in Wernicke, B., ed., Extensional
Tectonics at the Latitude of Las Vegas, Nevada:
Geological Society of AmericaMemoir 176, p. 99-122.

Sonder, L.J., Jones, C.H., and Salyards, S.L., 1989,
Paleomagnetism of Miocene rocks near the Las Vegas
Valley shear zone, Lake Mead region, southern Nevada:
Spatially variable vertical axis rotations: Eos
Transactions, American Geophysical Union, v. 70, p.
1070.

Sonder, L.J., Jones, C.H., Salyards, S.L., and Murphy, K.M.,
1994, Vertical axis rotations in the Las Vegas Valley
shear zone, southern Nevada: Paleomagnetic constraints
on kinematics and dynamics of block rotations:
Tectonics, v. 13, p. 769-788.

Wernicke, B.P, 1992, Cenozoic extensional tectonicsof the
U.S. Cordillera, in Burchfiel, BC., Lipman, PW., and
Zoback, M.L., eds., The Cordilleran Orogen:
Conterminous U.S.: Boulder, Colorado, Geological
Society of America, The Geology of North America,
v. G-3, p. 553-581.

Wernicke, B.P, Axen, G.J., and Snow, JK., 1988, Basin
and Range extensiona tectonics at the latitude of Las
Vegas, Nevada: Geological Society of AmericaBulletin,
v. 100, p. 1738-1757.

Wernicke, B.P, Guth, PL., and Axen, G.J., 1984, Tertiary
extensional tectonicsinthe Sevier thrust belt of southern
Nevada, inLintz, J., ed., Western geological excursions
(Geological Society of America annual meeting
guidebook): Reno, Nevada, Mackay School of Mines,
p. 473-510.

Yarnold, J.C., and Lombard, J.P, 1989, A facies model for
large rock-avalanche deposits formed in dry climates,
in Abbot, P. and Colburn, |.P, eds., Conglomerates in
basin analysis: A symposium dedicated to A.O.
Woodford: Society of Economic Paleontologists and
Mineral ogists Pecific Section, v. 62, p. 9-31.



