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ABSTRACT

The Pahrump fault system is an active fault system

located in Pahrump and Stewart Valleys, Nevada and Cali-

fornia, in the southern part of the Basin and Range Prov-

ince. This system is 50 km long by 30 km wide and is com-

prised of three fault zones: the right-lateral East Nopah

fault zone, the right-oblique Pahrump Valley fault zone, and

the normal West Spring Mountains fault zone. All three

zones have geomorphic evidence for late Quaternary activity.

Analysis of active fault patterns and seismic reflection

lines suggests that the Pahrump basin has had a two-stage

genesis, an early history associated with a period of low-

angle detachment faulting probably active 10-15 Ma, and a

more recent history related to the present dextral shear

system, probably active post-4 Ma.
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INTRODUCTION

This report describes and interprets a system of active

faults that is located in the southern Great Basin within

Pahrump and Stewart Valleys, along the Nevada-California

border (Figure 1, Plate 1). The fault system has been

previously recognized on remote sensing imagery (Liggett and

Childs, 1973), and various authors have mapp_d parts of the

fault system. The purpose of this report is to map the

active or Quaternary faults in detail, and to interpret the

timing of the most recent activity on the faults based on

the youngest stratigraphic unit or geomorphic surface cut by

the faults. I analyze the fault patterns and the sense of

displacement on individual faults to infer the sense of

movement for the entire fault system as well as for the

three fault zones within the system. I also analyze seismic

reflection profiles across the faults to determine the basin

geometry, the subsurface geometry of the faults and the

subsurface geometry of the basin fill. This information is

used to infer relative timing of events related to the basin

genesis.

There is some controversy over the style of active

tectonism in the region surrounding Pahrump and Stewart

Valleys. Vector reconstructions of the early mountain

ranges by matching Mesozoic thrust faults across low-angle
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AD, AmargosaDesert;AM, Ash Meadows; BB, Black
Butte;BLM, BlackMountains;BM, Bare Mountain;
DV, Death Valley; FM, =uneralMountains;GR,
Greenwater Range;KFt,KingstonRange;
LVV, Las Vegas Valley;MM, MontgomeryMountains;
MV, MesquiteValley;NR, Nopah Range; PV, Pahrump
Valley; RSR, RestingSpringRange; SM, Spring
Mountains;SV, StewartValley;YM, Yucca Mountain

Figure I. Location map of the study area showing some
of the principal geographic features cited in text.
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normal faults implies there has been as much as 500% of

extension west of the Spring Mountains since 20 Ma (Wernicke

et al., 1988). Other scientists have proposed that Pahrump

and Stewart Valleys are pull-apart basins formed on right-

lateral slip faults (Burchfiel et al., 1983; Wright, 1989).

One motivation for the study of the Pahrump fault system is

to determine whether the young faults are dominantly normal

or strike-slip fdults.

The active fault system in Pahrump and Stewart Valleys

has been referred to variously as the Pahrump fault zone

(Liggett and Childs, 1973), the State Line fault (Hewett,

1956; MIT Field Geophysics Course, 1985), the Pahrump Valley

fault zone (Wright et al., 1981) and the Pahrump Valley

fault system (Hoffard, 1990).

For convenience of presentation, I will refer to the

faults as the Pahrump fault system (PFS) and divide this

system into three fault zones, each with a unique character.

I propose these names for the three fault zones listed here

from west to east; the East Nopah fault zone (ENFZ), former-

ly the Nopah range front fault zone (Hoffard, 1990); the

Pahrump Valley fault zone (PVFZ), formerly the Pahrump

Valley-Stateline fault zone (Hoffard, 1990), and the West

Spring Mountains fault zone (WSMFZ), formerly the Spring

Mountains range front fault zone (Hoffard, 1990).
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RELEVANCE OF THE PROJECT

The Pahrump fault system has been recognized since 1973

(Liggett and Childs, 1973), yet to date, no detailed maps or

discussions of the fault system have been published. There

are two motivating reasons to study the Pahrump fault sys-

tem. One is to determine whether the fault system is pri-

marily an extensional or a dextral shear system and to

determine the youthfulness of the system. The other is to

determine the implications of the Pahrump fault system for

the regional tectonic framework.

Results from this study were aimed at deciding which of

two competing hypothesis that bear on the late Cenozoic

tectonic evolution of Pahrump Valley is most correct. One

hypothesis predicts slow rates of ongoing extension in

Pahrump Valley while the other predicts active tectonics

driven by dominant dextral shear. Pahrump Valley lies at

the eastern edge of the proposed zone of active extension

and in the southern portion of the proposed zone of active

dextral shear. Pahrump Valley lies -70 km south of a pro-

posed high-level nuclear waste storage facility at Yucca

Mountain, Nevada. Several north-south trending late Quater-

nary faults have been identified at Yucca Mountain and

though a right-lateral component is suggested for these

faults, the driving mechanism for the fault activity is

poorly understood. A possible mechanism is a proposed major
.
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major crustal dextral shear zone that may extend from

south of Pahrump Valley into the Yucca Mountain area

(Schweickert, 1989).

The Black Mountains bordering eastern Death Valley

(Figure 1) is generally considered to he the eastern limit

of major Quaternary activity within the highly extended zone

(Wright et ai.,1983; Wernicke et al., 1988). However,

Pahrump Valley lies east of the Black Mountains. Thus,

demonstration of Quaternary activity on the fault system in

Pahrump Valley extends the zone of Quaternary activity

farther to the east than presently recognized.

The analysis of the patterns, timing and subsurface

geometry of the active faults of the Pahrump fault system

may help to determine whether the present fault activity in

Pahrump is primarily normal or strike-slip, if the modern

tectonic regime for the region is driven dominantly by

extension or dextral shear, whether there is youthful ac-

tivity within the PFS, and the approximate orientation of

the local strain field.

In this report I will provide a brief overview of the

patterns of faults within Pahrump and Stewart valleys and

discuss constraints on timing and slip direction for each

fault zone. I then present data from seismic reflection

profiles and discuss the implications of the basin geometry

and subsurface fault geometry to infer a sequence of events
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in the evolution of Pahrump and Stewart Valleys. Last, I

discuss the regional implications of this study, and suggest

some possible topics for future research.

PURPOSE OF THE STUDY

The primary purpose of this thesis was to present

mapping and description of Quaternary and late Tertiary

faults Jn Pahrump Valley and Stewart Valley within the

southern Basin and Range; and to determine age, style, and

dimension of the Pahrump fault system. To accomplish this,
!

the following tasks were undertaken:

1. Map the faults on aerial photographs and field
check major faults to produce an annotated
compilation of Quaternary and late Tertiary faults.

2. Ascertain the type of movement on the faults,
(i.e. normal, strike-slip, reverse), based on
offset geomorphic features, scarp facing direction,
fault exposures, and slickensides.

3. Constrain the ages of fault events based on
geomorphic expression of the faults and associated
geomorphic surfaces including qualitative analysis
of scarp morphology and exploration for datable
deposits.

4. Ascertain the style of recent movement for the
fault zone as a whole based on fault patterns and
inferred movements on individual faults.

5. Conduct a review of literature and map data to gain
information about long-term movement on the fault
system and its tectonic setting.

6. Analyze seismic reflection lines to gain infor-
mation about the subsurface geometry of the
fault zone, the basin geometry, and folding or
tilti_g of reflectors; to gain information about
the style of faulting.
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7. Analyze local strain based on fault patterns and
styles.

8. Make recommendations for future studies in Pahrump
and Stewart Valleys.

Only certain of these original tasks were completed.

The Pahrump fault system was mapped and subdivided into

three distinct fault zones based on unique tectonic styles

within each zone. Late Quaternary fault activity has been

recognized for each of the three fault zones, thus qualify-

ing them as potentially active faults (Slemmons, 1977). The

! seismic lines are interpreted, and subsurface fault geo-
|

metries are related to features observed at the surface.

Inferences about ages of the faults are speculative:

they are based on existing maps of geomorphic surfaces,

rough correlation to mapped deposits in neighboring valleys,

and unpublished stratigraphic mapping of Holocene and upper

Wisconsin deposits in Pahrump Valley. Due to lack of fund-

ing and land access restrictions, no trenches were excavated

across the Pahrump Valley faults.

INTRODUCTION TO THE STUDY AREA

The area mapped for this study includes most of the
i
E region of active faults within the PFS (Figure 2) Thisi

region is bordered on the east by the Spring Mountains, on

the northeast by the northern termination of Pahrump Valley
m

I
at the Montgomery Mountains, on the northwest at low-lying



Figure 2. Boundaries of areas covered by i: 12,000

scale low-sun-angle; and 1:80,000 scale, black and

white, U. 2 flown aerial photography. Abbreviations

as shown on Figure I.
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hills separating Stewart Valley from Ash Meadows, and on the

i west by the east flanks of the Resting Spring and Nopah
i ranges (Figure 2). The southern boundary of the study area

was drawn somewhat arbitrarily, just south of latitude 36 °

North near Hidden Hills Ranch, because low-sun-angle air

photo coverage was not available for areas south of the

Hidden Hills ranch. The active PFS continues for approxi-

mately 20 km south of the Hidden Hills ranch.

METHODOLOGY

The main products of this study are a 1:100,000 scale

fault map (Plate 1 in back pocket) and four annotated

1:24,000 scale fault maps on an orthophotoquad base (Plates

2, 3, 4, and 5 in back pocket; Figure 3). Mapping was

accomplished by analysis of 25 1:80,000 scale, black and

white, U-2 flown air photos covering approximately

2,225 km2; and 323 black and white, low-sun-angle air photos

covering approximately 850 km 2 (Figure 2). Over 250 km of

faults were mapped and selectively field checked. Faults

were transferred onto a 1:100,000 scale topographic base and

onto orthophoto bases with a Map-o-graph projection instru-

ment. To reduce distortion, the projection was scaled to a

small area surrounding each fault, and features common to

both the base map and the photo, such as streams, roads and

vegetated areas, were aligned.
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Figure 3. Location map for the annotated fault maps
shown on Plates 2, 3, 4, and 5.
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PHYSIOGRAPHY

Pahrump Valley and Stewart Valley, Nevada and Califor-

nia lie just west of Las Vegas Valley (Figure 1). These

valleys are bordered by the Spring Mountains on the east,

the Montgomery Mountains (shown on Plate 1 as the Last

Chance Range) on the north, the Resting Spring Range and the

Nopah Range on the west, and Mesquite Valley on the south-

east. The town of Pahrump and the northern part of Pahrump

Valley are located in Nye County, Nevada; the western parts

of Pahrump Valley and Stewart Valley are located in Inyo

County, California; and the southeast end of Pahrump Valley

is located in Clark County, Nevada (Figure 1). Pahrump

Valley can be reached by turning south off of _.S. Highway

95, -i00 km northwest of Las Vegas onto Nevada Highway 160.

The town of Pahrump is 45 km south of the junction. Pahrump

Valley can also be reached by turning west off of U.S.

Interstate 15, -16 km south of Las Vegas, onto Nevada High-

way 160, or by traveling east on California Highway 178

(Nevada Highway 372) from Shoshone.

POPULATION/CLIMATE

The population of Pahrump Valley is about 10,000, with

most of the population located in the town of Pahrump. Mean

annual rainfall averages 11.9 cm and mean annual snowfall

averages 3.3 cm. Summer temperatures range from 14 ° to
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35° C and winter temperatures range from -1 ° to 51 ° C

(Pahrump visitor center handout). The dominant vegetation

in Pahrump and Stewart Valleys is creosote, sage, mesquite,

yucca, desert grasses, pear cactus, barrel cactus, and

cholla cactus.

GEOMORPHOLOGY

Pahrump and Stewart Valleys are low-relief valleys

lying between the Spring Mountains (maximum elevation

3,632 m) on the east and the lower elevation Nopah and
N

Resting Spring ranges (maximum elevations 1,751 m and

1,60_ m respectively) on the west. Elevation of the valley

floor averages 020 m above sea level. Minor relief within

the valley floor is related to valley floor faults and does

not exceed 50 m. Pahrump and Stewart Valleys are alluvium

filled bolsons (as defined by Peterson, 1981), each having

an internal drainage system. In the eastern portion of

Pahrump Valley, the piedmont slope of the Spring Mountains

range front is dominated by two large alluvial fans that

coalesce wi_h several smaller alluvial fans. These fans are

dissected; the mountain-valley fans consist of a partial

ballena and fan remnants, and the inset fans of the lower

piedmont represent a zone of coalescing fan aprons° This

apron is built onto an alluvial flat in northern Pahrump

Valley, and partially buries a pediment surface in southern
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Pahrump Valley. In the western part of Pahrump Valley, the

piedmont slope of the Nopah Range is dominated by medium-

sized fans that consist of erosional fan remnants near the

range front that are buried by a coalescing fan apron along

the lower piedmont. The lower piedmont forms a sharp,

linear boundary with the bolson floor playa.

In Stewart Valley, the piedmonts of the Resting Spring

Range on the west and the Montgomery Mountains on the east

consist of small, coalescing alluvial fans that have a sharp

boundary with a playa in the bolson floor. The playa of

Stewart Valley is separated from the playa in Pahrump Valley

by a low drainage divide, less than 30 m in elevation. The

two playas are located along the west side of the bolson

floor, and all drainages of Pahrump Valley and Stewart

Valley debouch into these playas. Drainages from the Spring

Mountains dissect the pediment in southern Pahrump Valley

and the alluvial flat in northern Pahrump Valley before

reaching the playa.

REGIONAL TECTONIC SETTING

Pahrump Valley lies within the southern Great Basin,

near the southern end of the Walker Lane belt, a 700 km

long, northwest-trending zone of strike-slip faulting and

diverse topography recently described by Stewart (1988;

Figure 4). It also lies near the eastern edge of the Death
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Valley normal fault system (DVNFS), a zone of major late

Cenozoic extension between the Sierra Nevada on the west and

the Spring Mountains on the east (Wernicke et al., 1988;

Figure 5). The PFS also lies near the southern end of a

major dextral shear zone proposed by Schweickert (1989;

Figure 6).

THE WALKER LANE BELT

The Walker Lane belt (WLB) was described by Stewart

(1988), as a zone of primarily strike-slip faulting, 700 km

long and 100-300 km wide, that lies along the western edge

of the Great Basin. This zone includes an area of diverse

topography that is distinct from north-northeast trending

basin-range topography on the east. Characteristic struc-

tures of the WLB are northeast-trending sinistral and

northwest-trending dextral strike-slip faults, unique re-

gional structural blocks, basin-range blocks, oroflexural

folds, and areas of large-scale extension including detach-

ment faults and metamorphic core complexes (Stewart, 1988).

Stewart (1988) suggested the WLB was initiated in the Meso-

zoic as a zone of right-lateral faulting along and in back

of a magmatic arc related to oblique subduction of the

Farallon plate beneath the North American plate margin.

Stewart (1988) divided the Walker Lane belt into nine

blocks based on unique structural characteristics within
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each block. These blocks act independently of one another.

He placed the PFS within the Inyo-Mono section following

Cart (1984). The Inyo-Mono section is bordered by the

Sierra Nevada block on the west, the Coaldale-Excelsior

section on the north, the Furnace Creek fault on the north-

west, the Pahrump fault zone (PVFZ of this report) on the

east and the Garlock fault on the south (Figures 5 and 7).

The Inyo-Mono section is characterized by high relief,

abrupt linear mountain fronts, and major northwest trending

right-lateral faults.

Stewart (1988) proposed that deformation in the Walker

Lane belt ranges from dominantly strike-slip to dominantly

extension and results from repeated changes in the stress

field from a northerly maximum compressive stress (strike-

slip) to a vertical maximum compressive stress (exten-

sion).

DEATH VALLEY NORMAL FAULT SYSTEM

Wernicke et al. (1988) described the Death Valley

normal fault system (DVNFS) as one of two highly extended

zones lying at the latitude of Las Vegas, Nevada. These two

extended zones are separated by a relatively unextended zone

centered on the Spring Mountains. The boundaries of the

DVNFS are coincident with the Inyo-Mono section of the

Walker Lane Belt (Stewart, 1988). Thus both authors recog-

i
I
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nized this region as structurally unique relative to sur-

rounding areas.

The DVNFS covers an area that has undergone large-scale

extension characterized by east-tilted ranges translated

westward from a 'breakaway zone' at the Spring Mountains,

along one or more major crustal detachments (Wernicke et

al., 1988). Extensional faults are considered to be the

master faults, and strike-slip faults are viewed as accom-

modation faults, separating areas of variable rates or

magnitude of extension.

Wernicke et al. (1988) argued the bulk of the extension

was probably post 15 Ma, and that in the DVNFS, major exten-

sion probably occurred between 15-10 Ma, slowing during the

period 10-5 Ma. However, they noted that low rates of

extension are occurring at the present time and that most

activity is probably confined to the area west of the Black

Mountains. Wright (1984) suggested that there has been a

westward migration in maximum crustal extension, and that

much of the tilting of the Resting Springs Range was accom-

plished prior to 9 Ma. He noted that extension from 4 Ma to

the present has occurred mainly west of the Black Mountains.

THE STATE LINE - CRATER FLAT SHEAR ZONE

Schweickert (1989) proposed that a dextral shear zone

extends from Ivanpah Valley along the PFS, north through the



21

southern Amargosa Desert and into Crater Flat along the west

side of Yucca Mountain (Figure 6). He informally referred

to this shear zone as the State Line - Crater Flat shear

zone (R. Schweickert, pets. comm.).

Schweickert (1989) suggested that there has possibly

been 20-25 km right-lateral slip across the shear zone since

11 Ma, that the shear zone was probably active during times

of basaltic volcanism 3.2 Ma, 1.2 Ma and less than 30 Ka,

and that this shear zone is probably intermittently active

at the present time.

PREVIOUS STUDIES

Previous work on some faults within the PFS and related

faults of the surrounding region is summarized below.

Hewett (1956) mapped the northwest-trending State Line

and Ivanpah faults, and the north-trending McCullough fault

and noted that the State Line fault has 2,000 feet (610 m)

of dip-slip displacement from the latest (period of) move-

ment on the fault.

Malmberg (1967) mapped the surficial geology of Pahrump

Valley as part of a hydrologic investigation for the state

of Nevada (Figure 8) and assigned a Plio-Pleistocene(?) age

to the uplifted lacustrine beds along the PVFZ. Figure 9

shows a modified version of Malmberg's interpretation of

Pahrump Valley stratigraphy.



Figure 8. Generalized geologic map of Pahrump and
Stewart Valleys. See figure 9 for explanation.

(Modified from Malmberg, 1967).
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Malmberg showed several mapped traces of the PFS,

including the westernmost trace of the PVFZ and a small
-

portion of the WSMFZ. Figure 10 is a diagrammatic cross

section through Pahrump Valley (after Malmberg, 1967) show-

ing the western trace of the PVFZ to be a west-side-down,

graben-bounding normal fault. He estimated the vertical

displacement to be 1,600 feet (488 m), west-side-down, based

on displacement of lithologic units in the basin deposits.

Liggett and Childs (1973) suggested the name Pahrump

fault zone for a major fault zone along the California-

Nevada state line. They recognized several of the major

traces of the PVFZ and were the first to suggest a right-

lateral component of displacement along the fault based on

left-stepping, en echelon traces of the fault, and a

possible right-lateral stream offset. They also noted that

bouguer gravity anomalies coincide with the PVFZ.

Burchfiel et al. (1983) mapped several east-vergent

Mesozoic thrusts in the Montgomery Mountains and the north-

ern halves of the Nopah and Resting Spring ranges. They

also recognized several high-angle Cenozoic faults including

the right-lateral Stewart Valley fault and the dip-slip

Grapevine fault (Figure 6). Burchfiel et al. (1983) sug-

gested that the Pahrump fault of Liggett and Childs (1973)

may be genetically related to, but younger than, the Stewart

Valley fault.
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According to the Massachusetts Institute of Technology

(MIT Field Geophysics Course, 1985), bouguer gravity anoma-

lies and telluric currents suggest that Black Butte, located

_: south of Pahrump Valley (Fi_2re I), is an allochthonous

_ mass, separated from the basement by hundreds of meters of

low-density, low-resistivity material. The bouguer anoma-

li&a also suggest the presence of a steeply-dipping struc-

ture bounding the east side of Mesquite Valley.

McKittrick (1983) produced a surficial geologic map of

the Nopah and Resting Spring Ranges. Her mapping shows that

the youngest surfaces cut by faults are mid to late Pleisto-

cene in age, and possibly in one location, late Pleistocene

to early Holocene in age,

PAHRUMP FAULT SYSTEM

GENERAL STATEMENT

The Pahrump fault system (PFS) is divided into three

fault zones based on fault geometry, style of faulting, and

orientation within each zone (Figure 6, Plate 1). Some

mapped faults are transitional between two fault zones and

thus no arbitrary boundaries are drawn around the designated

fault zones. The right-lcteral East Nopah fault zone (ENFZ)

is a narrow, linear zone of faults that cuts alluvial fans

along the eastern front of the Nopah Range. The right-

oblique Pahrump Valley fault zone (PVFZ) lies seven kilo-



I

27
meters east of the ENFZ, and extends north into Stewart

Valley. The West Spring Mountains fault zone (WSMFZ) splays

off the southern end of the PVFZ, and continues north along

the Spring Mountains range front. Table 1 summarizes the

characteristics of the three zones. Some faults and vege-

tation alignments do not fit well into any of the three

fault zones and will be discussed separately.

On the four 1:24,000 annotated fault compilations (in

the back pocket), Quaternary features are described by

abbreviated descriptors as shown in the map legend. These

features are grouped into categories such as vegetation

lineaments, faults or fractures, scarps, etc. Several of

the annotations categorize the features by the relative age

and type of the deposits that are cut such as VLOP (vegeta-

tion lineament in old playa deposits) or SYA (scarp in young

alluvium). The units chosen for the compilation maps are

broken into four categories in an attempt to add some rela-

tive timing information to annotated features. These units

are YP (young playa), OP (old playa), YA (young alluvium),

and QT (Plio-Pleistocene(?) deposits).

Mapping the surficial deposits in Pahrump and Stewart

Valleys was beyond the scope of this study. The units used

on the fault compilations were interpreted from aerial

photography and are not meant to correspond closely with

units mapped by either Malmberg (1967) or McKittrick (1988).
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_. The YP (young playa) unit refers to deposits of the modern

_" Pahrump and Stewart Valley playas and/or units in close

_ proximity to the playas that appear to have been deposited

in an older and larger playa within the same depocenter.

This unit corresponds in part to the Qya or Qp units of

Malmberg (1967; Figures 8 and 9). The OP (old playa) unit

refers to deposits of an older playa(?) centered in north-

eastern Pahrump Valley. This unit is inset into the QTol

unit of Malmberg (1967), and is currently being dissected by

modern drainage into Pahrump and Stewart Valley playas.

This unit corresponds in part to the Qya and the QTol units

of Malmberg (1967). The YA (young alluvium) unit refers to

all of the alluvial fan deposits along the Nopah Range,

Resting Spring Range and Montgomery Mountains range fronts

as well as the valley floor deposits that could not be

clearly designated YP or OP. All of McKittrick's (1988)

mapped geomorphic surfaces are formed on the YA unit of this

study. The QT (Plio-Pleistocene(?) age) unit corresponds to

units mapped as QTol or QTof by Malmberg (1967) and includes

any of the older, uplifted deposits within the upthrown

block of the PVFZ.

Several of the annotated features on the fault compila-

tions show no associated unit designations. In these cases,

the relative ages of the units could not be determined from

the aerial photography.
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_; THE EAST NOPAH FAULT ZONE

The East Nopah fault zone (ENFZ), the westernmost fault

_ zone of the PFS (Figure 6, Plates 1 and 2), is confined to

_ the Nopah range front where it lies approximately 0.5 km

from the range front. The fault zone terminates to the

north in a series of north-trending, left-stepping, east-

side-down normal faults (Location 1, Plates 1 and 2). Its

southern termination is marked by north-trending, left-

stepping, west-side-down normal faults located less than

i00 m south of the map area. It is possible that the ENFZ

extends northward into Stewart Valley and that a strong

vegetation lineament along the west side of the Stewart

Valley playa (Location 2, Plates 1 and 5) is an expression

of the same fault zone. However, I favor the interpretation

that the fault zone terminates at the north end of the East

Nopah range front because the fault cannot be traced through

Chicago Pass, and no active fault traces occur along the

west side of Stewart Valley.

McKittrick (1988) mapped the surficial geology of the

Nopah range front. The geomorphic surfaces she mapped are

all developed upon the Qyf, Quaternary young fan unit of

Malmberg (1967; Figures 8 and 9). McKittrick estimated

surface ages based on a combination of time-dependent

changes in the surface morphology including drainage den-

sity, drainage sinuosity, channel bifurcation, preservation
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of constructional form, interfluve rounding, pavement

development, varnish development, carbonate coatings on sur-

face clasts, quantity of calcrete rubble, and quantity of

disarticulated carbonate rinds. She developed a relative

age framework that she calibrated by utilizing isotopic age

datums for two Pleistocene tephra deposits with the lacus-

trine strata of the Tecopa Lake basin. These dated tephras,

along with an assumed sedimentation rate, allowed her to

estimate an age of 300 Ka for the highest lake stand in the

Tecopa Lake basin. The high stand shoreline truncates the

Qf1 surface and is dissected by the Qf2 surface of

McKittrick (1988) along the southwest edge of the Resting

Spring Range. This gives a minimum mid-Pleistocene age to

the Qf1 surfaces and maximum mid-Pleistocene age to the Qf2

surfaces.

The QTf (estimated as early Pleistocene and/or late

Tertiary in age), Qf1 (estimated as mid or early Pleistocene

in age) and Qf2 (estimated as late or mid Pleistocene in

age) surfaces are cut by several faults of the ENFZ. In one

location, McKittrick's (1988) map shows the early Holocene

and/or latest Pleistocene Qf3 surface is cut by a fault.

However, the low-sun-angle aerial photography analysed for

this study shows surface Qf2 to be the youngest surface cut

by a fault. Thus, the youngest surface that may be cut by

faults of the ENFZ (Qf3) is estimated as early Holocene to
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late Pleistocene in age (McKittrick, 1988) and her estimated

mid to late Pleistocene surfaces are cut by several faults.

Expression on Aerial Photography

On aerial photography, the ENFZ shows a straight,

linear, narrow (generally <200 m wide) trace with several

more northerly oriented subparallel splays that lie general-

ly to the southwest of the main fault trace. The faults can

be traced continuously for over 15 km along and subparallel

to the eastern Nopah range front, except where they are

buried by the younger (early to late Holocene) alluvial fan

deposits. The fault zone is geomorphically expressive, that

is, many scarps, fault lineaments and offset surfaces are

easily observed on the aerial photography. In general, the

fault zone consists of several closely spaced, discrete

faults that are in some cases subparallel, and in others

braided and anastomosing in map view. In several locations,

closely spaced faults are so numerous that the fault zone

appears to be a narrow, pervasively sheared zone. In at

least three locations, (Locations 3 and 4, Plates 1 and 2

for example), major splays branch off the west side of the

main fault toward the southwest. Here, the fault zone

widens to up to 1 km.

The fault scarps have generally low relief, and in many

places, no fault scarps are observed on the aerial photo-
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graphy. In these locations, the faults are expressed as

fractures or cracks in the strongly carbonate-cemented

surfaces, and show up as dark, discrete lines on the aerial

photographs. In other places, the faults offset calcrete

surfaces forming horsts, grabens, and low hills interpreteu

to be erosion-resistant alluvial fan remnants squeezed up or

dragged in along the fault. Probable laterally offset fan

remnants are juxtaposed along fault scarps that face both

east and west. The west-facing scarps have caused alluvium

to pond upfan from the scarp, as in Location 5. Fault

traces remain straight and linear even where they cut across

alluvial washes or raised fan remnants, indicating that the

faults are nearly vertical. Figure ii is an aerial photo-

graph that exemplifies this linear surface expression.

In several locations, offset and/or deflected drainages

have been observed on the aerial photography. The apparent

offsets are dominantly (but not consistently) right-lateral.

Some of these may be drainages deflected along zones of

weakened fault rocks rather than offset drainages. On

Plate 2, designations for deflected drainage (dd) and offset

drainage (od) are subjective, based only on interpretation

of aerial photography.
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Figure 11. A 1:80,000 scale aerial photograph showing
the straight linear trace of the East Nopah fault zone.
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Outcrop Expression

Field examination of several faults of the ENFZ showed

that in all cases, faults exposed in cutbanks dip at very

high angles and in nearly all cases these faults are ver-

tical. Figures 12 and 13 are photos of outcrops at loca-

tions 6 and 7 (Plates 1 and 2). The zone of disruption

along any given fault is generally several meters wide and

is defined by disrupted alluvial fan stratigraphy and by

multiple fault surfaces impregnated with secondary carbon-

ate. In some cases, a fault is marked by a single, narrow

zone a few centimeters wide that is impregnated with second-

ary carbonate.

Stratigraphic units in the alluvial fan deposits do not

match across fault traces. The alluvial fan deposits are

discontinuous bodies of angular, clast supported gravel that

cannot be traced laterally for any great distance, and are

separable only by changes in clast size within each body.

In many cases, the gravels have been impregnated by second-

ary carbonate to such an extent that the original strati-

graphy is obscure. No slickensides or other indicators of

slip direction were observed in fault outcrops. Measured

fault orientations agree with the overall orientation of the

ENFZ, and due to the nearly vertical fault plane orienta-

tions, trends of mapped fault traces are good approximations

of actual fault orientations.
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Figure 12. Outcrop expression showing the subvertical

dip of a fault within the East Nopah fault zone

(Location 6, Plates 1 and 2).
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Surficial Features

Low-sun-angle aerial photographs were examined for

evidence of offset geomorphic features. Several deeply

incised drainages show apparent lateral offsets at the fault

trace, but these are probably deflections of the stream

channel along the more easily eroded fault zone, since the

apparent offsets occur in both a left-lateral and right-

lateral sense. Two possible right-lateral offsets of stream

channels that are visible on low-sun-angle aerial photo-

graphs (locations 8 and 9, Plates 1 and 2) could not be

confirmed in the field, as the drainages on the upfan side

of the faults could not be located precisely. Thus, none of

the channel offsets were confirmed in the field.

Air photo analysis and field mapping for this project,

and the surficial geologic map of McKittrick (1988) show

that geomorphic surfaces developed on alluvial fans of

differing ages are juxtaposed across the ENFZ (Figure 14;

Location 5, Plates 1 and 2). The mapping of the present

study shows that these fan remnants are cut by both east-

facing and west-facing scarps. In general, west-facing

scarps appear steeper and higher than east-facing scarps

because west-facing scarps have been enhanced by fluvial

erosion while east-facing scarps have been subdued by

fluvial erosion. Both sheetwash and confined drainage of

the alluvial fan surface flows downslope to the east. Down
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gradient flow is hindered by west-facing scarps where water

ponds and drainage is deflected causing erosion at the base

of the scarp. Water _lows over the crest and down the face

of east-facing scarps, causing accelerated degradation of

the scarp slope.

Scarps associated with faults that juxtapose older fan

remnants against younger fan remnants are steeper, higher

and much easier to locate in the field. Fault scarps in the

QT surfaces (Quaternary-Tertiary surfaces of McKittrick,

1988) have_ up to 8 m vertical relief. This may either be

due to the older surfaces having larger offsets produced by

a longer history of fault movement, or, more likely, due to

the fact that older, strongly cemented fan deposits stand in

higher relief than weakly cemented younger deposits.

In several locations, the drainages have headcuts up to

3 m high that coincide with active fault traces. These

headcuts always occur in carbonate cemented pedogenic hori-

zons.

Fault Patterns

A structural analysis of the fault patterns of the ENFZ

is presented. The overall fault patterns of the EJFZ is

strikingly similar to the fracture patterns of the Dasht-e

Bayaz earthquake as presented by Tchalanko and Ambraseys

(1970). Their study analysed fracture patterns from the
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Dasht-e Bayaz earthquake based on Coulomb failure criterion

applied to a material with an angle of shearing resistance

of 35 ° to 40 ° . The fractures they analysed were contained

within Quaternary alluvium as are the young faults of the

ENFZ. In the case of simple shear, the Coulomb failure

criterion predicts that the orientations for Reidel shears,

conjugate Reidel shears, P shears and tension gashes for a

material with an angle of shearing resistance of _ are as

shown in Figure 15 (Tchalanko and Ambraseys, 1970). See

Tchalanko and Ambraseys (1970) for further explanation.

The overall trend of the ENFZ is N33°W. The southern

9 km of the fault zone is marked by five en echelon segments

trending between N16°W and N30°W (mean N25°W). ° Each en

echelon segment terminates at an area where the fault zone

broadens, and where faults that trend more northerly, from

N18°W to N8°E (mean N3°W) splay to the southeast off the

main fault zone, toward the Nepah Range (Locations 3 and 4,

Plates 1 and 2 for example). The lengths of en echelon

segments range from 3 to 1.8 km (mean 2.45 km).

The angle between the mean trend of the en echelon

faults and the overall trend of the fault zone is -8 °, less

than the 15° deviation predicted for synthetic Riedel shears

in a material with an angle of shearing resistance taken to

be 30°. However, the en echelon segments are best inter-

preted as Riedel shears and their orientation 8° in a clock-
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(sense of
movement)

P
R

R' Riedel shear

conjugate Riedel shear
I

..

d2'

.__ 45° ___

T Tension fracture

II

Figure 15. Predicted orientation of R, R' , P and T
shears. _ represents the peak angle of shearing
resistance. (Modified from Tchalenko and Abraseys,
1970).
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wise sense from the trend of the main fault zone, together

with their left-stepping pattern suggest right-lateral

displacement across the ENFZ.

The trends of the smaller faults, fractures and linea-

ments (those not a part of the main trace of the ENFZ) were

measured. A rose diagram of these trends was developed by

measuring the orientation of the minor faults and linea-

ments, as well as the orientation of individual fault seg-

ments along the same fault where they are separated by a

major change in strike along one fault trace. This plot is

shown in Figure 16. This figure shows that the smaller

faults within the ENFZ have two dominant orientations, one

about N25°W and the other about N5°E. The N25°W-trending

faults are aligned with the en echelon faults along the

southern part of the ENFZ. This fault set may also repre-

sent synthetic Riedel shears. The N5°E-trending fault set

is oriented at a 38° angle to the main ENFZ. These more

northerly oriented faults may be tension gashes.

At the northern termination of the southernmost en

echelon fault segment, at Location 7 on plates 1 and 2, a

graben has formed where the fault has a slightly more north-

erly trend (about 12 ° north of the main trend of the fault

segment). This may suggest that the more northerly trending

faults have an extensional component and may support the

interpretation that these faults may be tension gashes.
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Trends of minorfaults and lineaments
of the ENFZ.

N
N25o

N5OE

W E
Overall trend of

ENFZ
N33oW

N = 69 S Circle = 30 %

Figure 16. Rose diagram showing two dominant fault and
lineament orientations along the ENFZ.
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Approximately one kilometer east of the main ENFZ is a

second zone of faint lineaments that is subparallel to the

ENFZ. About 1.5 km east of these faint lineaments, a linear

contact of the Nopah range alluvial fans with the Pahrump

playa may represent a third zone of faulting. Thus, there

may be at least two subparallel subsidiary faults lying east

of the main trace of the ENFZ.

At the northern termination of the ENFZ, a late

Pleistocene fan surface is offset along three north-trending

faults (Location 1, Plates 1 and 2). These scarps are

oriented -N7°E to -N20°W and have east-side-down offsets

except for a small, graben-bounding west-side-down fault.

These may be minor tension gashes that terminate the zone of

strike-slip displacement.

If the N33°W trending trace of the ENFZ is considered

to be the main fault zone, the N16-30°W trending Riedel

shears and a possible set of northeast-trending tension

gashes are broadly consistent with a right-lateral, strike-

slip fault zone as predicted for right-lateral strike-slip

faults (Figure 15; Tchalenko and Abraseys, 1970).

Interpretation of Displacements

The ENFZ exhibits an anastomosing and braided pattern

in some places, and a subparallel pattern in others. The

left-stepping en echelon fault segments along the southern
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part of the ENFZ, the possible tension gashes represented by

grabens and normal faults, and horst-like pieces of fans

that are pushed up between braided fault strands, all sup-

port a right-lateral strike-slip interpretation for movement

on the ENFZ.

From these lines of evidence the ENFZ is best inter-

preted as a strike-slip fault. The fault patterns discussed

earlier and the similar orientation of the ENFZ to the

right-lateral Furnace Creek and Fish Lake Valley fault zones

also suggest that the fault should be right-lateral.

Recency of Activity

McKittrick's (1988) mid to late Pleistocene fan sur-

faces mapped as unit Qf2 are cut by abundant f_ults and

fractures. These surfaces have a well-preserved construc-

tional form. Drainage patterns that originate on the fan

surfaces range from subparallel to subdendritic and are

largely confined to steep sided, highly sinuous, U-shaped

channels that are typically less than 5 m deep. Interfluves

are broad and flat and display well-developed, tightly

interlocking stone pavements. Clasts coated with secondary

carbonate range in abundance from 10-60% total surface

clasts. Carbonate rinds on surface clasts are typically

less than 1 cm thick and detached rinds constitute less than

5% total surface clasts.



47

The absence of measurable offset on young geomorphic

features and the absence of faults on the younger, early to

late Holocene surfaces (McKittrick, 1988) together indicate

that the youngest faulting event was probably mid to late

Pleistocene in age. However, strong en echelon vegetation

lineaments in youngest Holocene sediments along the north-

west edge of the Pahrump playa (location 10, Plates 1 and 2)

may indicate some mid to late Holocene activity occurred on

faults buried beneath the late Holocene(?) playa sediments.

Qualitative analysis of fault scarps along the range-

front is equivocal. Scarps appear distinct on aerial pho-

tography, and subdued in the field. However, many faults

cut surfaces that have thick pedogenic carbonate horizons

that are resistant to erosion, and thus scarp morphology is

of little value in determining recency of fault activity. A

further complication is that the faults may have had pri-

marily strike-slip displacements, and therefore many of the

scarps may be related to lateral juxtaposition of geomorphic

surfaces of differing resistance to erosion. Apparent

vertical separations cannot be considered to be true verti-

cal offsets.

A determination of precise slip-rates is not possible

because none of the surfaces displaced by the East Nopah

fault zone have been dated. However, a crude estimate of

vertical slip on one of the north-trending normal faults can
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be calculated by assuming a surface with a three meter high

scarp is 500 to 50 Ka (mid to late Pleistocene age as mapped

by McKittrick, 1988). This would yield vertical slip rates

of 0.06 - 0.6 mm/yr. This slip rate applies to one of the

more northerly trending fault segments, and the ratio of

vertical to lateral movement is unknown.

Summary

The ENFZ is interpreted to be a right-slip fault zone.

This interpretation is supported by the following lines of

evidence: i) a lack of major topographic expression across

the fault, 2) a nearly vertical fault plane in most expo-

sures, 3) juxtaposition of different age fan surfaces across

the fault zone, 4) scarps that face both east and west, 5) a

nearly straight fault trace, 6) a narrow fault zone that

cross-cuts topography, 7) northern and southern terminations

of the fault zone that occur along a series of north-trend-

ing normal faults, 8) minor faults and lineaments oriented

at a small angle to the main fault zone that resemble Riedel

shears, and minor faults and lineaments oriented 38° to the

main fault zone that may represent tension gashes, and 9) a

trend similar to that of other right-lateral faults such as

the Furnace Creek and Fish Lake Valley fault zones. The

most recent activity of the ENFZ shows no evidence for a

component of normal-slip along the ENFZ.
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THE PAHRUMP VALLEY FAULT ZONE

The Pahrump Valley fault zone (PVFZ), over 45 km long

and 6 km wide, lies approximately along the california-

Nevada state line, 7 km east of the ENFZ (Figure 6, Plates 1

through 5). The southern part of the PVFZ, south of lati-

tude 36 ° 05' N (Plates 1 and 4), is marked by two prominent,

subparallel and continuous strands with a general trend of

N45°W. The westernmost trace is represented by an alignment

of low hills of resistant alluvial fan deposits (Figure 17).

The eastern trace is marked by an escarpment that lies

2.5 km east of the low hills (Figure 18). In northern

Pahrump Valley, north of latitude 36° 05' N, these two

traces die out (Plates 4 and 5) and the PVFZ is a broad zone

of low scarps and vegetation lineaments. Some of these

features continue north along the eastern side of Stewart

Valley, north of Highway 178 (Plates 1 and 5).

The southern boundary of Plates 1 and 2, and the south-

eastern boundary of Plates 1 and 3, reflect the limits of

aerial photography available for this study. However, the

PVFZ continues southeast for some distance, but apparently

dies out north of Mesquite Valley, where MIT's Field Camp
%

(1985) reported a lack of scarps. Very-high altitude Land-

sat Thematic Mapper imagery shows what appear to be scarps

and/or vegetation lineaments at least as far southeast as

Black Butte (Figure 1).
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Figure 18. The eastern or 'main' trace of the southern
part of the PVFZ. The scarp is approximately 12 m
high. View to the south.
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Southern part of the PVFZ

In the southern part of Pahrump Valley, south of lati-

tude 36 ° 05' N (Plates 1 and 4), the PVFZ consists of two

subparallel traces trending N45°W, and several splays off

the north side of the fault that trend approximately N14°W

(Plates 1, 3 and 4). The western fault trace is marked by

hill-forming erosional remnants of cemented alluvial fan

deposits (Qof of Malmberg, 1967; Figure 17). Along this

trace, Just down drainage from Browns spring (Location 11,

Plates 1 and 3), one well-defined fault cuts through the old

alluvial fan deposits, with the upthrown block to the east.

The main fault trace lies 2°5 km east of the western

trace, where Plio-Pleistocene(?) strata are uplifted and

tilted up to 14° to the east, and exposed along an 8-15 m

high escarpment. On the upthrown block, an extensive plateau

region representing an old erosional surface has been dis-

sected by drainages that form narrow deep canyons. The

uplifted Plio-Pleistocene(?) section is capped by a resis-

tant freshwater siliceous limestone along the main escarp-

ment. The main escarpment and several escarpments farther

east within the upthrown block are highly eroded and sinuous

(Figure 18), indicating that major movement has not occurred

for some time along these faults.

At Stump Spring (just south of the southern map bound-

ary), Browns Spring (Location Ii, Plates 1 and 3; Figure
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19), Hidden Hills Ranch (Figure 2) and several other loca-

tions, springs have flowed in historic times. These springs

probably originated from artesian aquifers exposed by fault-

ing since several of the springs are aligned along the

southern part of the eastern escarpment of the PVFZ. Exces-

sive pumping of ground water in historic time has halted the

flow of these springs. Spring flow may have been respon-

sible for much of the dissection of the main PVFZ escarp-

ment, but storm runoff probably also has played a signifi-

cant role. Stream dissection on the pediment surface be-

tween the two major fault traces is also significant but not

as extensive as above the main escarpment. Figure 19 is

a 1:12,000 scale low-sun-angle aerial photograph of the

Browns Spring area (Location 11, Plate 1) located on the

photo. This photo shows the extreme dissection of both the

upthrown and downdropped sides of the faulted pediment

surface. In this area, the main escarpment of the PVFZ has

a maximum height of 15 m.

The Browns Spring drainage shows complex stratigraphic

and geomorphic features. A traverse from Browns Spring

downstream through the incised canyon reveals a complex

stratigraphy where younger, fine-grained lacustrine and\or

paludal and fluvial deposits are inset into the older,

uplifted Plio-Pleistocene(?) section (Figure 20). Though

the age of the inset deposits is unknown, they were de-



BrownsSpring

Figure 19. 1:12,000 scale low-sun-angle
photograph showing the location of Brown.,

I, .... _,,........?
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1. Depositionof Unit 1.
2. Back-tiltingof Unit 1.
3. Depositionof Unit 2 inset intoUnit 1. Eastern contact may be faultcontrolled

(Fault shown as fault event II may have had movement priorto deposition of Unit 2).
4. Fault Event I (sense of offsetunknown).
5. Formation of pediment A. Possible contemporaneous formation of erosional remnant a.
6. Fault event II offsetspediment.
7. Erosional downcutlJngof channelthrough units 1 and 2.
8. Deposition of inset Unit 3 begins -1000 Ma. Unit 3 is not faulted.
9. Drop in base level west ot cross sectionby either west-side-down faultsor

synforrnal folds causing stream incisioninto pediments and inset deposits (unit 3).

Figure 20. Diagrammatic cartoons showing stratigraphic
and fault relationships exposed within the Browns

Spring drainage, a. View is to the east-southeast.
b. View is to the south-southeast.
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posited prior to formation of the pediment surface and were

involved in an earlier episode of faulting. The pediment is

downdropped along the main escarpment. Deposits within an

unfaulted, inset terrace in the Browns spring drainage have

been radiocarbon dated at 880 +/- 50 years (J. Quade, pets.

comm., 1989) near the base of the deposit (Figures 20

and 21).

Near the drainage headcut just south of Browns Spring,

(Location 12, Plates 1 and 3) a fault exposed in the Plio-

Pleistocene(?) section has sharply upwarped the bedding over

a distance of 10-15 m to a maximum dip of 24° east

(Figure 22). This fault offsets a biotite-rich tuff, which

is currently being dated. This same fault is exposed in an

incised drainage 0.5 km south of Browns spring, where it is

vertical (Figure 23). In the southern exposure, bedding

dips less than 15 ° away from the fault on either side, and

units cannot be stratigraphically correlated across the

fault. The overall trend of this fault is N41°W.

The Browns spring drainage cuts through a low hill

along the western trace of the PVFZ and exposes 5° east-

dipping alluvial fan deposits. A fault graben exposed in

this fan just down drainage from Browns spring (Location ii,

Plates 1 and 3) is less than two meters wide by two meters

i deep and is buried by unfaulted terrace deposits. Several

: faults and fractures near the graben have an orientation
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of N50°W with steep to vertical east and west dips.

Fan stratigraphy includes abundant cobble-rich debris

=9
flow deposits interbedded with fluvial tuffaceous sand-

_ stones. Cobble lithologies include green ruffs, probable|
i Jurassic siltstones (M. Carr, pers. comm., 1990), abundant

i limestones including Mississippian Monte Cristo limestone(?)(M. Carr, pers. comm., 1990), and sparse vesicular basalts.

These cobbles may reflect a source area in the southern

Spring Mountains.

North of Browns Spring, the main PVFZ escarpment

decreases in height, dying out near Location 13, Plates 1

and 3. Much of the escarpment north of Browns Springs is

buried by stable, vegetated sand dunes of probable Holocene

age. These dunes do not appear to be cut by faults.

Northern part of the PVFZ

Scarps and vegetation lineaments are widely distributed

along the northernmost part of the PVFZ, north of latitude

36 ° 05' N to southeast of Stewart Valley (Figures 24, 25,

and 26; Locations 14 and 15, Plates 1 and 4). Many faults

are developed in upper Quaternary(?) playa sediments (Unit

Qya of Malmberg, 1967) and the morphology of the scarps

suggests that they are late Pleistocene to Holocene in age.

Figures 27 and 28 are scarp profiles across some of the

younger fault traces at Locations 14 and 15, Plates 1 and 4.



61



62





o

' I ' I ' I "' I ' I ' L_
i

CD 0 0 0 0 C3 0
(4) _ O4 CD CO U)
C3 C3 C3 C3 01 C_ O_

(W) NOIIVA_'I:I





66

The profiles were surveyed with a total station geodolite

and oriented perpendicular to the fault trend. The faults

are cut into the Qya unit of Malmberg (1967) or the old

playa (op) unit of this report.

Most vegetation lineaments are defined by the presence

of abundant phreatophytes (vegetation rooted in shallow

groundwater) on the upthrown or upgradient, east side of

faults, and sparse phreatophytes on the downthrown, west

sides. These lineaments indicate that groundwater is im-

pounded behind faults, and that the water table is locally

elevated on the upthrown side. Evaporite deposits (Loca-

tion 15, Plates 1 and 4; Figure 29) occur on the upthrown

sides of faults where water seeps from the ground near the

fault. Commonly water appears to seep from the scarp it-

self, hastening degradation of the scarp face.

Some vegetation lineaments are formed by a sharp line

of phreatophytes. In these cases, either the fault acts as

a conduit, bringing water nearer to the surface, or the

fault is weak, allowing roots to penetrate to greater

depths. The orientation and linearity of these vegetation

lines suggest that they are of tectonic origins (Location

17, Plates 1 and 2; Figure 30).
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Vegetation lineaments

Figure 30. Low-sun-angle aerial photograph showing
prominent vegetation lineaments that are interpreted as
marking fault traces within the northern part of the
Pahrump Valley fault zone. (Location 17, Plates 1
and 2).
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Stewart Valley Faults

The young faults in the northern part of the PVFZ

w'

continue into southeastern Stalwart Valley north of Highway

178 (Plate I). Several young scarps that cut probable mid

to upper Holocene(?) playa sediments in Stewart Valley

indicate these faults are active. The sediments cut by the

faults are estimated to be mid to late Holocene based on the

facts that they were deposited within the same depocenter as

the modern playa at an elevation less than 8 m above the

modern playa, and show little erosion of the original depo-

sitional surface. These deposits are incised less than two

meters by the modern drainages flowing into the Stewart

Valley playa.

Figures 31 and 32 are scarp profiles across one fault

scarp at Location 18 (Plates 1 and 5). A small berm, less

than 30 m wide by 2 m high, ha_ formed along the upthrown

edge of the scarp. The ori-in of the berm is problematic.

It may have resulted from minor compression across the

fault, either from a compressiona] bend or step along a

strike-slip fault or from the interaction of two nearby

fault strands; however, the fault trends slightly northeast

of the main fault trend, an orientation more appropriate for

an extensional rather than a compressional bend along right-

lateral fault zone. Furthermore, only one active fault

trace is located near the berm. Perhaps a more plausible
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explanation is that the berm could have formed from the

accumulation of eolian sediments fixed by increased vegeta-

: tion on the wetter, upthrown side of the fault. Berm-shaped

accumulations of sediment occur in several places around the

playa rim, and are not always directly associated with

faults.

At Location 19, Plates 1 and 5, a very young (late

Holocene?) basin has formed. This basin is approximately

200 m x 50 m and is over 3 m deep. The basin could repre-

sent a small-scale, extensional pull-apart feature

formed along north-trending faults, a basin opened along a

right bend in a fault trace, a sag pond formed along an

active fault trace, or a sink-hole caused by excessive

groundwater withdrawal. Modern drainages are deflected

around a low berm along the basin rim. The lack of erosion

of the berm indicates that the berm is a young, probably

late Holocene feature.

Along the northeastern side of Stewart Valley, a broad

vegetation lineament (Figure 33) has a trend that coincides

with the trends of the scarps in the southeast part of

southern Stewart Valley, and is probably tectonically

controlled. A low-relief and highly eroded scarp along the

west edge of the vegetation lineament may be a fault scarp,

a shoreline feature, or some combination of the two (Loca-

tion 20, Plates 1 and 5). The alluvial fans along the west
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etation lineaments
t
:t

Figure 33. Vegetation lineamQnts along the west and
east edges of the Stewart Valley playa. (Locations 2
and 20, Plates 1 and 5.)
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flank of the Montgomery Mountains also show some minor

vegetation lines (Location 21, Plates 1 and 5) that are

interpreted to be fault traces crossing young alluvial fan

_ surfaces (Qya unit of Malmberg_ 1967).

Along the southwest margin of Stewart Valley playa,

another strong vegetation lineament marks the playa/alluvial

fan contact (Location 2, Plates 1 and 5). Although it may

be a tectonic feature, no scarp is associated with this

lineament. At the northwest end of Stewart Valley playa, a

young alluvial fan built onto the playa is not cut by

faults. Evidently, faults along the southwest side of

Stewart Valley are not as young as those along the eastern

side of Stewart Valley. "

Fault Patterns

The PVFZ is over 50 km long and over 6 km wide. In the

southern part of the fault zone, %;he PVFZ consists of two

subparallel fault traces over 15 km long and several dis-

tributed small fault traces, the longest of which is over 6

km long. The two main traces are oriented N45°W with minor

fault traces oriented from N45°W to N30°E, with an average

orientation of N5°E. The two main traces are fairly con-

tinuous laterally over the southern part of the PVFZ. The

smaller subsidiary faults are distributed mostly west of the

two main traces. Many of these lineaments may or may not
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represent true faults at depth. The smaller faults most

closely resemble a relay pattern (see Biddle and Christie-

Blick, 1985) in that there is no systematic left or right

steps to the fault segments. The smaller faults seem to

step to the left or right in a random pattern. There is not

much overlap in the fault segments. However, the fault

segments appear to occur in zones where two or three short

fault segments lie side by side, aligned along the main

fault trace, and distributed over a width of up to 1.5 km.

Orientations were measured for several of the smaller fault

segments and plotted on a rose diagram (Figure 34). This

diagram shows that many faults are oriented -N25°W, at an

angle of -20 ° to the main fault trace. These may represent

Riedel shears related to the main fault trace. A few

of the minor fault segments are oriented up to N30°E, at an

angle of about 75 ° E of the main fault trace. These may

represent R' shears. Riedel or R shears generally form at

an angle of _/2 (where _ represents the peak angle of shear-

ing resistance) and R' shears generally form at an angle of

90 - _/2. Therefore, the peak angle for shearing resistance

of the Plio-Pleistocene(?) unit into which these faults are

developed, may be on the order of 30 to 40 ° .

The two main fault traces die out south of the northern

part of the PVFZ, south of latitude 36° 05' N. In the

northern part of the PVFZ, north of latitude 36 ° 05' N and
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Trends of minor faults and lineaments
of the PVFZ

N35°W N

N45oW

W E
Overall tren of

the PVFZ
N45°W

N = 45 Circle = 22%
S

Figure 34. A rose diagram showing two dominant fault
and lineament trends. One is aligned with the main
PVFZ trend and the other may represent Riedel shears.
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in Stewart Valley, the fault zone is a zone of widely dis-

tributed short fault segments. Most of these segments have

_ scarps cut into fairly young alluvium (possible Quater-

nary(?) age 'YA' and 'OP' units on plates 2, 4, and 5). In

general, these fault segments are subparallel to the main

trend of the PVFZ. However, in Stewart Valley, most of the

fault traces are oriented between N25°W and N30°W, 15 to 20 °

more northerly than the main fault zone alignment. Though

these fault traces could be interpreted as Riedel shears, it

seems more likely that the change in orientation results

from structural control imposed by the southern end of the

Montgomery Mountains. The N25°W to N30°W orientation of

these fault segments mimics the orientation of the western

flank of the Montgomery Mountains.

Several faint vegetation lineaments of possible non-

tectonic origins in southeast Stewart Valley are oriented

-north. Two of these bound a small basin discussed earlier

in this report. It is possible that this small basin be-

tween two more northerly oriented possible faults may result

from a slightly more extensional component across the

faults.

Interpretation of Displacements

The QTol unit of Malmberg (1967) is offset by up to

15 m along Khe main escarpment along the southern part of
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the PVFZ. Where clearly demonstrable surface offsets occur,

the sense of displacement is consistently west-side-down.

Several lineaments occur in this unit, west of the main

escarpment. However, these lineaments do not have vertical

surface offsets.

The sense of offset on the faults along the northern

part of the PVFZ is consistently west-side-down. Scarp

height is up to 5 m. No lateral offsets of stream channels

or other geomorphic features were observed. Many of the

faults have no clear surface offsets.

Faults of the PVFZ clearly have a west-side-down com-

ponent of displacement. However, the linear trace of the

fault, a relay pattern of the young faults of the northern

part of the PVFZ, possible Riedel shears, and fault splays

that step to the left are all consistent with a right-

lateral component to the fault. Therefore, the PVFZ is

interpreted as a right-oblique fault.

Recency of Activity

Along the PVFZ, the largest escarpment occurs on the

southern part of the fault zone, from south of the map area

near Stump Spring to a point just north of Browns Spring,

where major north-trending fault splays intersect the main

escarpment. In the southern part of the PVFZ, the youngest

unit that is clearly offset by a fault is the unit mapped QT
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on Plates 1 and 3 and the unit mapped QTol by Malmberg

(1967). However, as depicted in Figure 20, younger deposits

that are inset into the QTol unit are also faulted. These

faults are probably pre-Quaternary since there is no sur-

ficial expression of the fault and the fault does not cut

the pediment surface built onto these younger deposits. The

age of these deposits is not known.

The exact age of the most recent offset on the southern

part of the PVFZ is unknown. The main escarpment in the

erosion resistant QTol deposit of Malmberg (1967) has over

8 m of relief along most of its length. However, the es-

carpment itself is highly sinuous and dissected, and the

pediment surface on both the upthrown and downthrown sides

of the escarpment is also highly dissected. The eroded and

sinuous trace of this escarpment indicates that there has

not been major movement across this fault trace for quite

some time. Observation of recent fault scarps may be com-

plicated by the fact that resistant beds within the Plio-

Pleistocene(?) deposits create a step-like appearance to the

escarpment, which could mask the expression of youthful

scarps. The pediment surface itself has been faulted down-

to-the-west along the main escarpment. Although the de-

posits on w_ich this pediment surface has formed are not

precisely dated, it is possible that the pediment may be

age-equivalent to the pediment surface mapped as the Ivanpah
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Upland, estimated to be late Pliocene to Quaternary in age

(Hewett, 1956). If so, the fault event(s) that created the

main PVFZ escarpment could be Quaternary in age.

At the northernmost drainage near Browns Spring

(Figure 19), deposits in an inset stream terrace have been

radiocarbon dated at 880 +/- 50 yrs (J. Quade, pets. comm.,

1989). This stream terrace is not faulted. This shows

there has been no fault activity at the main escarpment near

Browns Spring since 880 +/- 50 yrs.

In the Stump Springs area, 2 km south of the southern

map boundary, mapping of upper Pleistocene to lower Holocene

sediments shows that in one location, younger strata have

been deposited against older strata in a buttress unconform-

ity with a nearly vertical contact. This contact may be a

buried fault scarp (J. Quade, pets. comm., 1989).

Sand dunes of probable Holocene age bury the escarpment

along much of its length. These dunes do not appear to be

faulted on the low-sun-angle aerial photography. However,

it would be very difficult to perceive a fault offset on

these dunes since they are easily eroded and highly vege-

tated. Though no faults are apparent across these dunes,

the possibility that the dunes have been faulted cannot be

precluded.

The alignment of cemented alluvial fan deposits and

spring mounds along the westernmost trace of the fault zone
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shows little geomorphic indication of young fault activity,

i though subtle vegetation and tonal lineaments may indicate

some minor fault activity.

Along the northern part of the PVFZ, numerous scarps

cut the unit mapped as Qya by Malmberg (1967) or the 'op'

unit on plates 2, 4 and 5. The age of these deposits is

unknown in detail. These faults are inferred to be young,

probably late Pleistocene in age, based on the geomor-

phically youthful appearance of the fault scarps, the

straight, linear fault traces, and the distinctive appear-

ance of the scarps on the aerial photography. The scarps

are cut into old playa seuiments. These deposits are mostly

unconsolidated clays and silts, and because they are easily

eroded, the youthful appearance of the scarps implies youth-

ful faulting.

In Stewart Valley, the youngest unit cut by faults is

probably of late Pleistocene to early Holocene age. Though

the units cut by the faults are not dated, these probable

young playa deposits are located within the same depocenter

as the modern playa in Stewart Valley, and are shallowly

dissected by the modern drainages into the Stewart Valley

playa. These deposits are only a few meters in elevation

higher than the elevation of the playa in Stewart Valley.

Soils on these surfaces were not examined in detail, but

cursory field examination showed a weakly developed Bt soil

|
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horizon. Since this soil is developed in fine-grained

_I _ deposits, the presence of a weak Bt horizon may indicate a

late Pleistocene to early Holocene soil.

The scarps developed along the PVFZ in southern Stewart

Valley have a geomorphically youthful appearance. Although

there is some degradation and dissection of the scarps, the

scarps are linear and distinct on the air photos. None of

the deposits or surfaces cut by the PVFZ have been dated

precisely. In addition, no measurable lateral offsets of

young geomorphic features have been observed.

I interpret the distributed nature of the faults in

northern Pahrump Valley and southern Stewart Valley, and the

absence of faults on some of the younger inset fans in

southern Pahrump Valley to mean that slip rates are low.

The fact that most geomorphically youthful scarps occur

along the northern part of the PVFZ suggests that the most

recent ruptures have occurred along the northern portion of

the PVFZ.

Summary

Based on the map patterns of the fault zone, the PVFZ

is interpreted to be a right oblique-slip fault with a down-

to-west normal component. The fault zone as a whole is

oriented approximately N45°W, similar to other right-lateral

faults of the Walker Lane Belt such as the Furnace Creek
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fault zone which trends N45°W and is interpreted to be a

primarily right-slip fault with a minor normal component

(Brogan et al., 1988), and faults within the Fish Lake

Valley fault zone that trend N40°W and show right-lateral

displacement (Sawyer, 1989).

THE WEST SPRING MOUNTAINS FAULT ZONE

The West Spring Mountains fault zone (WSMFZ) is approx-

imately 30 km in length and has a general orientation of

about N12°W, though the fault zone is somewhat curved and

orientations range from N10°E to N50°W (Plate i). The WSMFZ

trends north into the Grapevine fault (Figure 5), a bedrock

fault mapped by Hamill (1966) and Burchfiel et al. (1983).

No low-sun-angle aerial photography was available for

the WSMFZ, so the fault zone was mapped from 1:80,000 scale

black and white U-2 aerial photography with only cursory

field examination. The WSMFZ was added late in the thesis

project and, combined with the lack of detailed photo cover-

age, this resulted in a much less detailed study of the

fault zone than the ENFZ and the PVFZ. However, the WSMFZ

has a strong geomorphic expression, and much of the fault

zone is easily mapped from 1:80,000 scale photos.

Aerial Photography and Field Expression

The WSMFZ consists of a single fault trace at its
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southern end, and this main trace continues northerly to the

vicinity of Grapevine Springs. Multiple minor faults occur

to the west of the main trace at the northern end. Some of

these form fault grabens. The geometry of the WSMFZ fault

zone is irregular, and mimics the geometry of the Spring

Mountains range front. A mineralized zone at the bedrock/

alluvial fan contact along the northern Spring Mountains

range front (Location 22, Plate I) may be an older expres-

sion of the range front fault.

Fault Patterns

The pattern of faults along the WSMFZ is fairly simple.

The southern part of the fault zone consists of one main

trace that is laterally continuous for over 12 km. This

fault trace can be divided into two segments, each about 6

km long, the southern segment trending -NI0°E and the

northern segment trending -north though the fault trace is

highly curved. In Wheeler Wash, 5 km northeast of the

graben shown at Location 23, the fault zone makes a bend

greater than 90 ° . The fault trace is continuous for 6 km

both north and south of this bend, and observations from

aerial photography do not reveal any significant difference

in the scarp height on either side of the bend. The geo-

metry of this sharp bend argues against a significant later-

al component to the fault, since it would be difficult to
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displace units laterally across such a sharp bend without

invoking contractional or extensional features near the
i

point of maximum inflection.

North of wheeler Wash, at Location 24, Plate I, the

single discrete fault trace dies out and the WSMFZ becomes a

5 km wide zone of distributed short fault segments that are

subparallel to the range front. This zone of distributed

faults is about I0 km long. The faults generally show west-

side-down displacements with the exception of a 0.5 m wide

graben. _ North of this zone near Location 24, Plate i, the

WSMFZ is expressed as a discrete mineralized zone at the

alluvial fan/bedrock contact. This may be part of the

Grapevine fault discussed by Burchfiel et al. (1983).

• Interpretation of Displacement

Faults within the WSMFZ show consistently west-side-

down offsets, except where they bound extensional grabens.

In several locations, offset geomorphic surfaces on both the

upthrown and downthrown sides of the fault, can generally be

matched across the fault. Scarp heights appear fairly

uniform across any single surface despite major changes in

strike of the fault. The trace of the fault is sinuous, and

in some places sharp bends in the fault geometry preclude

lateral movement on the fault. Though a few extensional

grabens are observed, there are no corresponding contrac-
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tional features. The fault zone consists of one fault trace

along the southern part, and the fault geometry mimics the

range front geometry. All evidence therefore suggests

primarily west-side-down normal displacement for the WSMFZ.

Recency of Activity

The WSMFZ cuts the Qya (Quaternary young alluvium) unit

of Malmberg (1967). The youngest geomorphic surface cut

along the western Spring Mountains range front has morpho-

logic characteristics that most closely resemble a surface

estimated as approximately 120,000 years old by Sowers

(1986) at Kyle Canyon on the eastern Spring Mountains range

front. Similar morphologic characteristics include a light

color due to whitish calcrete fragments in the desert pave-

ment, and a well developed pedogenic calcrete lying within

two meters of the surface. However, the surface cut by

faults of the WSMFZ has rounded ballena topography, similar

to Sower's (1986) surface 1, estimated at greater than

730,000 yrs based on paleomagnetism of pedogenic calcrete,

so the surface may be older than 120,000 yrs. This surface

has scarps estimated to be greater than 20 m high. Geomor-

phic surfaces interpreted to be older based on their loca-

tion higher on the fan surface, inset relationships, deeper

drainages, and better formed and larger ballenas, have

higher scarps. A scarp profile across a major graben at the
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southern end of the WSMFZ (Location 23, Plate 1; Figure 35)

i shows a minimum of 12 m of offset (Figure 36).

The younger surfaces at the base of the fan are inset

into probable Holocene paludal deposits (J. Quade, pers.

b comm., 1989) and show no signs of faulting on the 1:80,000

scale aerial photography. Though the fault scarps along the

WSMFZ are large, the scarps are highly dissected. A 200,000

year estimate for the age of the surface containing the

large graben produces an estimated average vertical slip

rate of 0.06 mm/yr. A reasonable range of 50,000 to 500,000

years for the surface age produces an estimated range of

vertical slip rates of 0.2 to 0.02 mm/yr. Thus, rates of

activity along the WSMFZ are also low.

Summary

The WSMFZ is interpreted to be primarily a dip-slip

fault based on the facts that: 1) it has single, curved

fault trace that mimics the range front geometry for most of

its length, 2) extensional grabens have formed along the

fault trace, 3) large scarps show primarily west-side-down

displacements, 4) the WSMFZ probably correlates with the

dip-slip Grapevine fault, 5) the more northerly trend of the

WSMFZ is similar to other normal faults in the southern

Great Basin such as the southern Death Valley fault zone



88

Figure 35. Black and white, 1:80,000 scale U-2
photograph showing a graben formed in young alluvial
fan gravels along the West Spring Mountains fault
zone (Location 23, Plate 1).
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(Figure 7) and the normal-oblique segments of the Fish Lake

Valley fault zone (Sawyer, 1989; Figure 7).

OTHER FAULTS AND LINEAMENTS OF THE PAHRUMP FAULT SYSTEM

Several faults and lineaments in Pahrump Valley are not

easily grouped into the three major fault zones discussed

above. For example, the boundary between the west edge of

the Pahrump playa and Nopah Range alluvial fans is very

linear but has no associated scarps (Location 25, Plates 1

and 2). This feature lies roughly midway between the ENFZ

and the PVFZ. Although suggestive, I can provide no evi-

dence that this feature is tectonic.

At the northern edge of the Pahrump playa (Location 10,

Plates 1 and 2), several short lineaments in upper Holo-

cene(?) playa sediments are oriented approximate N14°E, and

step to the left in en echelon fashion. No scarp is associ-

ated with these features. Several vegetation lineaments

bordering the east side of the Pahrump playa (Location 26,

Plates 1 and 3 for example) are subparallel to the PVFZ, and

are probably of tectonic origins.

Vegetation lineaments at the south and southeast edge

of Pahrump playa are of two different origins. A system of

polygonal desiccation cracks have formed around the southern

edge of the playa (Location 27, Plates 1 and 3). At the

southeast edge of the playa, diffuse vegetation lineaments
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that are subparallel to the playa edge and that have no

associated topographic relief may result from down-slope

migration of saturated fine-grained sediments (Location 28,

Plates 1 and 3). These 'lurch' features are commonly asso-

ciated with seismic shaking (B. Robison, pers. comm., 1990).

An alternative explanation for these features is that they

represent vegetation rooted in buried desiccation cracks.

Although the features are not as distinct and do not show

the polygonal patterns of the modern desiccation cracks, in

some places the modern desiccation features seem to pass

gradually into these diffuse vegetation lineaments. Also,

some fault lineaments project into these vegetation linea-

ments, and buried faults may control their locations.

Several major fault breaks have orientations inter-

mediate between the PVFZ and the WSMFZ. These are major

splays off of the main trace of the PVFZ (Figures 37

and 38). Many of these splays uplift the Plio-Pleistocene

basin fill deposits that are exposed along the main PVFZ

escarpment. Some of the splays exhibit as much as 12 m of

apparent normal displacement (Location 31, Plates 1 and 3).

The splays step to the left in en echelon fashion, suggest-

ing that there may be a right-lateral component on the

faults between the PVFZ and WSMFZ. In some places, (Loca-

tion 30, Plates 1 and 3; Figure 38) the faults cut palu-

dal(?) sediments of probable latest Pleistocene to Holocene age.



92



93

,°

_J



94

Faulted alluvial fan remnants upslope of these scarps have

unfaulted younger inset alluvial fan aprons that are also

inset into the late Pleistocene to Holocene paludal(?)

deposits. The fault scarps on the alluvial fan remnants

have steep faces and appear young. Some of the splays trend

directly north toward the WSMFZ, and are likely transitional

faults between the PVFZ and WSMFZ.

RECENT FAULT PATTERNS

My interpretation of the patterns of active faults in

Pahrump and Stewart valleys is that they collectively form

parts of a northwest-trending dextral shear zone. The ENFZ

trends N33°W and is a right-lateral strike-slip fault. The

PVFZ trends N45°W and is a dominantly right-lateral strike-

slip fault with a down-to-the-west normal component. The

WSMFZ has a general trend of N12°W and is primarily a down-

to-the-west normal fault. Intermediate structures include a

set of en echelon vegetation lineaments in northern Pahrump

Valley (Location 10, Plates 1 and 2) that trend north, and a

zone of splays off of the main PVFZ that trends approxi-

mately NI0°W (for example, Locations 31 and 32, Plates 1 and

3) showing down-to-the west offset with a possible component

of right-lateral slip, as suggested by their left-

stepping en echelon pattern. These patterns are consis-

tent with deformation in a divergent dextral shear zone
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oriented N45°W, with a direction of maximum extension ori-

ented approximately east-west (Figure 39).

SUMMARY OF THE PFS

The late Quaternary Pahrump fault system consists of

three discrete fault zones connected by discontinuous faults

that lie intermediate between the zcnes. The ENFZ and the

WSMFZ both exhibit relatively continuous late Quaternary

fault traces. The PVFZ has two continuous, but highly

eroded late Tertiary to Quaternary traces at the southern

end, and a broad zone of discontinuous late Quaternary

faults at the northern end. Each of the three fault zones

may correspond to a discrete la%lit at depth,'or alternative-

ly, they may be the surface expression of a broad dextral

shear zone at depth, and may represent spatial partitioning

of shear into strike-slip and normal components. The pat-

terns of late Quaternary faulting alone cannot resolve which

is the actual case. The discontinuous and distributed

nature of the PFS precludes a realistic estimate of earth-

quake magnitudes based on fault lengths, and makes segmenta-

tion of the faults a difficult exercise.

If the faults of the PFS are parts of a broad shear

zone at depth, the slip rates may be additive, and the fault

system as a whole may have a somewhat higher slip rate than

the slip rates of each of the individual fault zones.
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REIBMIC EVIDENCE OF BABIN GEOMETRY

Seismic reflection profiles provide a subsurface vlew

of the basin and fault geometries. Data collected from the

profiles includes approximate dips on faults, distribution

of faults, tilting or folding of basin reflectors and depth

to the basin floors (Figure 40). This information is useful

in determining the timing and style of displacements across

the major faults, the longevity and style of basi_i forma-

tion, and the distribution of the basins.

Unpublished seismic reflection profiles for Pahrump and

Mesquite Valleys were generously made available by Seismic

Information Services, Inc., 16800 Imperial Valley Drive,

Suite 400, Houston, Texas, 77060. These lines were shot in

March, 1980, with a Primacord explosive source and were

recorded with a Sercell 338 HR seismograph. Shot spacing

was 220 feet and there were 48 groupings per shot.

These sections were originally produced for oil-

exploration, and the velocity and migration models used in

processing are unknown. Data from the uppermost one second

of the sections were not supplied. If a velocity of

2.5 km/s is assumed for the missing interval (a reasonable

value for unconsolidated sediments) slightly over one kilo-

meter of section is not represented. If the basin fill has

an average velocity of 4 km/s, there is little or no verti-

cal exaggeration. At a velocity of 2 km/s, the vertical
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Figure 40. Features used to interpret the seismic
sections.
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exaggeration would be 2:1. My interpretations assume that

vertical exaggeration is minimal.

I analyzed four of the seismic sections for this study.

The seismic lines are roughly perpendicular to the PVFZ.

Three of the lines cross Pahrump Valley and one crosses

Mesquite Valley (Figure 41).

SEISMIC SECTION SSN-19

The northernmost line, seismic section SSN-19, runs

through chicago Pass at the south end of Stewart Valley and

across northern Pahrump Valley (Figure 41). On this sec-

tion, nearly flat-lying reflectors in northern Pahrump

Valley appear to be disrupted by several high-angle faults

(Figure 42). Using a velocity range (Vp) of 2.0 to 4.0 km/s

the basin here is calculated to be 1.9 to 3.8 km deep. The

basin is bordered on the east by a steeply west-dipping

structure which may project to the surface at the WSMFZ.

South of Stewart Valley, reflectors representing basin fill

are folded into a broad, open synformal fold. East-dipping

reflectors on the west side of this fold may represent the

buried extension of the graben bounding fault along the west

side of Stewart Valley. A west-dipping structure at the far

west side of the seismic section may be a west-dipping fault

passing under the Resting Spring Range.
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Figure 41. Location of seismic lines discussed in
text.
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Figure 42a. Seismic section SSN-19. (The overlay
for this section, Figure 42b, is located in the
back pocket).
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Figure 42b. Overlay showing interpretation of SSN-19.
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SEISMIC SECTION SSN-17

Seismic section SSN-17 trends approximately N10°E and

crosses the southwest part of Pahrump Valley (Figure 41).

Calculations based on data from this section yielded esti-

mated depths of 3.2 and 3.7 km for the two possible basin

floors when using an estimated velocity (Vp) of 2.0 km/s ,

or 6.4 and 7.4 km depth when using an estimated velocity of

4.0 km/s (Figure 43). The deepest part of the basin is

located in northeast Pahrump Valley. The basin is bounded

on the east by a steeply west to southwest-dipping structure

that probably coincides with the WSMFZ (Figure 43). Reflec-

tors in the basin fill have an apparent shallow (<30 °) dip

to the north-northeast, and appear to be relatively uninter-

rupted by major faults or folds. Deep reflectors are evenly

spaced, and show uniform dips indicating no syndepositional

tilting occurred in the deeper part of the basin. A second

group of shallower reflectors may represent a separate

depositional episode. These reflectors have dips that

increase with depth, indicating that syndepositional east-

ward-tilting of the basin occurred along a down-to-the-west

normal fault at the eastern basin edge (Figure 43). This

strongly supports the normal fault geometry previously

inferred for the WSMFZ. In the central part of the seismic

section, a horst-like feature lies just west of the mapped

trace of the PVFZ. This structure appears to be bounded by



103

Figure 43a. Seismic section SSN-17. The overlay for
this section, Figure 43b, is located in the back
pocket.
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Figure 43b. Overlay showing interpretation of SSN-17.
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steeply-dipping faults on the east and west. However, the

east dips of r_flectors with the eastern basin, and the

lateral continuity and broad folding of reflectors in the

western basin indicate that this feature is not a normal

fault-bound horst, but a broad zone of shear disrupting a

once continuous basin. Some of the disruption may also be

due to folding. The west side of the basin is bounded by a

moderately-dipping basin edge which may or may not be struc-

turally controlled.

SEISMIC SECTION SSN-15

Seismic section SSN-15 crosses the south end of Pahrump

Valley and trends about N45°E (Figure 41). This section

also shows two basins separated by an apparent horst, which

coincides with the position of the PVFZ (Figure 44). Both

basins are -2 to 4.5 km deep and reflectors appear to be

disrupted by high-angle faults and deformed by broad folds.

The folding and faulting is greatest in the deeper basin

reflectors; shallower reflectors are less disrupted. West

of the horst, the basin beneath the southern end of Pahrump

playa is the same depth as its expression to the north, and

east-dipping to flat lying reflectors within the basin are

highly disrupted. This basin is bounded by high angle

faults.
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Figure 44a. Seismic section SSN-15. The overlay for
this section, Figure 44b, is located in the back

pocket.
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Figure 44b. Overlay showing interpretation of SSN-15.

I
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SEISMIC SECTION SSN-11

Seismic section SSN-11 crosses central Mesquite Valley,

some 30 km southeast of section SSN-15 (Figure 41). A basin

with subhorizontal reflectors occurs in Mesquite Valley.

The east side of this basin is bordered by a nearly vertical

fault that coincides with the projected trace of the PVFZ

"(Figure 45). The western edge of the basin dips moderately

eastward and may not be fault controlled. The basin reflec-

tors are very diffuse in the deepest part of the basin but

are much sharper in the shallower part and seem to reflect

two separate basin-fill episodes. Strong reflectors that

form the basin floor appear to be folded. Flatlying reflec-

tors within this fold were deposited unconformably upon the

folded reflectors, and may represent post-deformational

sedimentation. The eastern basin observed in the seismic

sections north of Mesquite Valley is not evident on this

line, and apparently does not extend this far south.

SUMMARY OF SEISMIC SECTIONS

Figure 46 is a fence diagram representing the general

characteristics of the basins in Pahrump and Mesquite val-

leys as interpreted from the seismic sections. General

information from a longitudinal seismic section (SSN-12) is

added to tie together the other sections. Seismic section

SSN-12 extends from the southern end of the Montgomery
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Figure 45a. Seismic section SSN-11. The overlay for
this section, Figure 45b, is located in the back
pocket.
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SSN-11

Figure 45b. Overlay showing interpretation of SSN-11.
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Figure 46. Fence diagram showing the relationship of
basin features interpreted from the seismic lines.
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Mountains southeast along the California-Nevada border,

subparallel to the PVFZ (Figure 41). This section was not

analyzed in detail due to possible complications caused by

side-reflections off the PVFZ. However, seismic section

SSN-12 provides useful general information on the geometry

of the basin floor, and provides a cross-sectional perspec-

tive to the other four lines.

In general, a deep, broad basin in east-central Pahrump

Valley has apparent northeast-dipping reflectors. This

basin is bounded on the east by the northern WSMFZ, a

moderately to steeply dipping normal fault system along the

Spring Mountain range front. This major basin bounding

fault has been active throughout deposition of the upper

part of the basin fill, as evidenced by reflectors whose

dips steepen with depth in the upper part of the basin. The

basin is bounded on the west by the east-dipping flank of

what appears to be a large horst block that lies beneath the

PVFZ. Reflectors that dip north to northeast into this

basin indicate down-to-the-west normal motion on the WSMFZ

and that the locus of deposition for that basin has been

against the Spring Mountains. In the central and deepest

part of the basin, reflectors are uninterrupted by major

faulting. However, in the southern part of the basin, high-

angle faults and minor folds disrupt and deform the basin

fill sediments.
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The long, narrow horst that roughly coincides with the

PVFZ extends at least as far south as seismic line SSN-15,

at the south end of Pahrump Valley. There is no surface

expression of this horst in Pahrump Valleyo The horst may

represent an elongate sliver of bedrock buried beneath the

valley _loor, a zone of basin fill that is highly disrupted

by high-angle, strike-slip faults of the PVFZ, or a horst

formed within the basin fill sediments. A bouguer gravity

map compiled by Wright (1989) after gravity data from Brack-

en and Kane (1982), Chapman et al. (1975), Healey (1973),

Healey et al. (1980), and Kane et al° (1979), shows no

indication of buried bedrock beneath the PVFZ but instead

shows some evidence of a basin south of the Pahrump playa.

Mapping of the Quaternary faults in Pahrump Valley gave no

indication of an east dipping, high-angle fault along the

east side of the PVFZ. I therefore interpret the horst-like

structure to be a zone of high-angle faulting where the PVFZ

has behaved as a broad oblique shear, disrupting the basin

stratigraphy and possibly downdropping originally continuous

basin reflectors into a fault-bound graben or half graben,

west of the PVFZ. Seismic section SSN-19 (Figure 42) shows

some indication that this broad shear, coincident with the

southern PVFZ, may be aligned along the hinge surface of a

broad antiformal fold.

West of the horst, a basin has formed south of the
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Pahrump playa. Reflectors in this basin show no preferred

dip direction, dip at low angles, and are cut by high angle

faults. I suggest that this basin was once continuous with

the deeper basin to the east and that the basin reflectors

were initially continuous with reflectors to the east. In

effect, the PVFZ has separated a continuous basin into two

sub-basins.

INTERPRETATION OF BASIN HISTORY

The two separate basins shown by the seismic sections

may have once been part of one broad basin, and later split

into two sub-basins by a zone of extreme shear along the

PVFZ. Seismic reflection profile SSN-17 across the eastern

Pahrump basin indicates that there may have been two epi-

sodes of deposition. The deeper basin fill has uniformly

spaced reflectors that may have been deposited in a quasi-

stable basin and may represent an episode of depositionz

following the initial opening of Pahrump valley. The spac-

ing of reflectors in the deepest parts of the basin (see

SSN-17, Figure 43 and SSN-15, Figure 44) is relatively

constant, arguing against syndepositional tilting of the

deeper valley fill. Seismic section SSN-17 (Figure 43)

shows some indication that the shallower reflectors may

converge to the west, indicating that syndepositional tilt-

ing of the younger part of the basin fill occurred.
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East-dipping Plio-Pleistocene(?) basin fill sediments

exposed at the surface in the southeast part of the Pahrump

basin underlie a broad pediment. Two possible explanations

for the uplift, exhumation and pedimentation of the Plio-

Pleistocene(?) sediments in southeast Pahrump Valley are;

1) uplift was initially basin wide, and related to isostatic

rebound along the footwall of a major low-angle detachment

system, or 2) uplift was more local and was related to

localized compression along the dextral PFS.

It is possible that uplift and east tilting of Plio-

Pleistocene(?) basin fill sediments was produced by local-

ized isostatic rebound near a breakaway zone of a major

detachment system along the west flank of the Spring Moun-

tains (Wernicke et al., 1988; Figure 47). The shallow east

dip of the exposed Plio-Pleistocene(?) section and the

formation of the pediment may represent a period of minor

rebound followed by a period of tectonic stability. A

period of gentle folding followed by a period of tectonic

stability could produce the same effect. Seismic sections

SSN-15 (Figure 44) and SSN-11 (Figure 45) shows broad folds

within the older basin fill strata. These areas of folding

are not related to kinks or bends in the present trend of

the PFS. Either isostatic rebound and/or localized folding

may have been responsible for the uplift and tilting of the

sedimentary section exposed in southeastern Pahrump Valley.
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The pedimentation of the uplifted Plio-Pleistocene

strata implies a period of tectonic stability. The pediment

is now being dissected by arroyos draining into the Pahrump

playa. Since the present day drainage of Pahrump Valley is

entirely internal, an external drop i_ base level cannot be

invoked as cause for the dissection. West-side-down normal

faults west of the pediment causing a drop in drainage base

level may be responsible this modern episode of downcutting.

A major gravity low occurs in the northeastern part of

Pahrump Valley, between the PVFZ and the WSMFZ (Figure 48).

seismic section SSN-17 (Figure 43) shows that the gravity

low is coincident with a depositional basin beneath this

part of the valley. Sediments exposed in this part of the

basin are older than the sediments of Pahrump and Stewart

valley playas since they are dissected by modern washes that

drain into the playas, but younger than the Plio-Pleisto-

cene(?) sequence in southeastern Pahrump Valley since they

are inset into the older deposits. This suggests that this

basin has been an active depocenter in the recent past. The

gravity data and the syndepositional tilting of the shallow-

er valley fill suggests that the shallower part of the basin

in northeast Pahrump Valley was formed along extensional

faults related to the shear system now active in Pahrump

Valley, and represents a pull-apart basin as proposed by

Burchfiel et al., (1983) and Wright (1989), (Figure 49).
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ENFZ,EastNopahfaultzone;MM,MontgomeryMountains;
NR,NopahRange;RSR,RestingSpringRange;PVFZ,
PahrumpValleyfat, _ne;SM,SpringMountains;WSMFZ,
WestSpringMountainfaultzone.

Figure 48. Bouguer gravity contours (in milligals)
superimposed on Quaternary faults of the Pahrump fault
system. Bouguer gravity compiled by Wright (1989),
from gravity data provided by Bracken and Kane (1982);
Chapman et al. (1975); Healey (1973); Healey et al.
(1980); and Kane et al. (1979).
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Figure 49. Fault and basin geometry suggesting
northern Pahrump Valley and Stewart Valley are pull-
apart basins.
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The bounding fault east of the gravity low coincides

with the normal WSMFZ, and on the southeast side of the

gravity low, probable bounding faults coincide with faults

transitional between the PVFZ and the WSMFZ. These normal

faults may represent reactivation of older breakaway zone

normal faults along the western flank of the Spring Moun-

tains, but in a dextral shear system. Seismic line SSN-17

(Figure 43) shows a relatively intact package of reflectors

in the deepest portion of the basin. The lack of major

disruption of the basin reflectors shows that most of the

faulting takes place along discrete faults and is not perva-

sively distributed throughout the basin.

Gravity data (Figure 48) and seismic section SSN-15

(Figure 44) show that a basin occurs just southeast of the

Pahrump Valley playa. The generally flat-lying reflectors

in this western basin are broken up by high angle faults.

The reflectors may represent strata deposited in response to

the opening of a symmetric graben west of the PVFZ. How-

ever, the reflectors are of a similar intensity, thickness

and spacing as reflectors east of the PVFZ. This observa-

tion, together with the lack of a significant difference in

the gravity values, suggests that the reflectors are part of

the same stratigraphic package represented by the deep basin

i
reflectors east of the PVFZ. These sediments are not ex-

posed west of the PVFZ. The sediments have been downdropped
t

1 .
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and disrupted by high-angle faults west of the PVFZ and

beneath the Pahrump playa, implying that a significant down-

to-the-west normal component of movement has occurred along

the PVFZ. Active faulting along the PVFZ and the ENFZ, the

linearity of the west edge of the Pahrump playa, and en

echelon vegetation lineaments at the north end of the playa

mhimply ....at active high-angle faults lie hidden beneath the

young playa sediments. The modern depocenter in Pahrump

Valley lies west of the PVFZ. Downdropping of this basin

TJest of the PVFZ has lowered the local base level, and is

responsible for the current dissection of the pediment

formed on the exhumed Plio-Pleistocene(?) basin fill.

A gravity low coincides with Stewart Valley

(Figure 48). Stewart Valley is bounded by active faults on

the suutheast, and by strong vegetation lineaments on the

east and west which may represent active faults. East-

dipping structures on the west end of SSN-19 (Figure 42) may

be the southern projection of buried faults that bound the

west side of Stewart valley. The active faults in Stewart

Valley strike about 10° more northerly than the main align-

ment of the PVFZ. The orientation of Stewart Valley sug-

gests it may have opened along an extensional bend in the

trend uf a dextral shear system, and lends credence to the

right-lateral interpretation for the PVFZ. The orientation

of Stewart Valley and the gravity low beneath Stewart Valley

t
l
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both support thu interpretation that Stewart Valley has

opened as a pull-apart basin along a right bend in the PVFZ

(Figure 49).

The down-to-the-west normal component on the PVFZ has

created an active depocenter in Pahrump playa. This young

depocenter and a basin beneath northern Mesquite V_lley,

shown by seismic section SSN-II to be bounded by a high-

angle fault on the east, are interpreted as examples of

basins formed by minor vertical displacements along the

PVFZ. The axes of these basins appear to be subparallel to

the trend of the PVFZ (Figure 48), suggesting that the PVFZ

has had a slight extensional component during its most

recent history. Seismic section SSN-II, which is nearly

perpendicular to the axis of Mesquite Valley, shows a broad

fold in the deeper reflectors beneath Mesquite Valley, that

may have had some relation to the early genesis of the

valley. However, temporal and spatial changes in areas of

i extension and shortening within a given basin are charac-teristics of strike-slip faults (Christie-Blick and Biddle,

1985) and lends credence to the interpretation of the PFS as

primarily a dextral shear zone.
!

{ TECTONIC IMPLICATIONS

Stewart (1988) included the PFS in the Inyo-Mono sec-

i tion of the Walker Lane belt. The ENFZ strikes N35°W,
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parallel with the Nopah range front. This fault zone

strikes slightly more northerly than the right-lateral

Furnace Creek fault zone (strike N45°W from Brogan et al.,

1988), and the right-lateral segments of the northern Death

Valley fault zone (N40°W; Sawyer, 1989). Both of these

faults have had Quaternary displacement (Cemen et al., 1985;

Brog&n et al., 1988; Sawyer, 1989). The ENFZ is interpreted

to be a primarily right-lateral strike-slip fault with no

significant normal component.

The PVFZ strikes generally N45°W, subparallel to the

right-lateral Furnace Creek fault (N45°W, Brogan et al,

1988), and subparallel to the right-slip regions of the

Northern Death Valley fault zone (N40°W; Sawyer, 1989) and

the Fish Lake Valley fault zone (N50°W; Sawyer, 1989). The

PVFZ is probably the principal displacement zone for the

PFS. The trace of the PVFZ trends south toward the right-

lateral State Line fault of Hewett (1957), and northward

into the active fault system in the southern Amargosa Valley

(Donovan, 1990). The PVFZ is aligned along a major dextral

shear zone proposed by Schweickert (1989) that may extend

from the State Line fault northward through Crater Flat

(Figure 6). Schweickert (pers. comm., 1990) suggested that

this shear zone may have had as much as 25 km right-lateral

displacement since 11 Ma and may have been active during

times of volcanism 3.2, 1.2 and .03 Ma. The PVFZ can be
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best interpreted as a primarily right-lateral strike-slip

fault with a down-to-the-west normal component.

The WSMFZ trends N12°W, has consistently west-side-down

offsets, a sinuous fault trace that mimics the geometry of

the Spring Mountains range front, sharp bends in the fault

trace, and numerous grabens formed along the fault. The

trends of the Dyer segment of the Fish Lake Valley fault and

the trend of the southern Death Valley fault zone are both

similar to the average trend of the WSMFZ.

The central Death Valley fault zone has many of the

geomorphic features characteristic of dip-slip faults. The

Dyer segment of the Fish Lake Valley fault zone forms the

eastern rangefront of the White Mountains. This segment has

significant relief on scarps, up to 80 to 100 m, and has had

substantial vertical displacement (Sawyer, 1989). By ana-

logy With these faults, the WSMFZ is interpreted as a pri-

marily west-side-down normal fault.

The PFS is best described as a divergent dextral shear

zone, consistent with Stewart's (1988) hypothesis that the

PFS is an active part of the southern Walker Lane belt.

This interpretation also agrees with Schweickert's (1989)

hypothesis of a major dextral shear zone extending from

Crater Flat southward into the State Line fault.

The evidence for Quaternary activity on the PFS sug-

gests that at least parts of the major shear zone are cur-
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rently active. The younger fault scarps in northern Pahrump

Valley and older scarps in southern Pahrump Valley may

indicate that activity is currently migrating northward

along the major shear zone. Folding of basin reflectors

along the PVFZ suggests there may be spatial and temporal

fluctuations in areas of compression and extension along the

fault. It is possible that the PVFZ experiences non-system-

atic spatial and temporal fluctuations in the locus of

activity.

Wright (1984) noted that Quaternary ground ruptures are

much more abundant west of the Black Mountains escarpment

than east of it. However, prior to Wright's study, the

Pahrump fault system was poorly recognized and Quaternary

ground rupture had not been demonstrated for the PFS. This

study of the PFS indicates there are abundant Quaternary

ruptures in Pahrump and Stewart Valleys, and that there may

be more Quaternary activity east of the Black Mountains than

previously recognized. Donovan (1990) described an active

fault system in Ash Meadows in the southern Amargosa Desert,

that trends into the PFS. This fault zone also has evidence

for probable Quaternary activity on many of the faults.

Wernicke et al. (1988) proposed that the Pahrump basin

opened between 10 and 15 m.y. ago with the initiation of the

Death Valley normal fault system. The rate of early Neogene

extension within the Death Valley normal fault system
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10-15 Ma was probably higher (20-30 mm/yr) than the current

extension rate of less than 10 mm/yr, and the direction of

extension was more easterly than the extension direction of

N73 ° +/- 12°W averaged over the 1ast 15 Ma (Wernicke et

al., 1988),

The deep reflectors observed in SSN-17 may represent

sediments deposited in this early formed basin, although

evidence for the listric nature of the faults is lacking.

The deep reflectors are uniformly spaced and show uniform

dips indicating that tilting occurred after deposition of

the sediments. These deep reflectors dip eastward in the

vicinity of the PVFZ. The upper reflectors observed in

seismic section SSN-17 show syndepositional t_lting in that

the dips steepen with depth in the section, the reflectors

converge to the west, and reflectors near the top of the

section are subhorizontal. The tilting of these reflectors

appears to have been associated with syntectonic deposition

along a listric normal fault, but this can be explained by a

reactivation of breakaway zone normal faults at the Spring

Mountains Range front.

Wright (1984) proposed that severe extension in the

vicinity of the Kingston Range ended prior to 14 Ma, as

there, the major detachment surface and associated faults

are truncated by the 14 Ma Kingston Peak pluton. He stated

that tilting of the Resting Spring Range post-dates 12 Ma

I
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dacitic flows and pre-dates a 9 Ma rhyolitic ash-flow tuff.

Therefore, maximum extension for this region occurred from

12 to 9 Ma. Wright (1984) proposed that major crustal

extension has migrated westward, and the area around and

west of the Black Mountains had experienced major extension

in the range of 9 to 4 Ma, and that normal faulting in the

Coso Range, Owens Valley and the eastern Sierra Nevada

occurred mainly in the interval 4 Ma to present. The ab-

sence of major normal faulting in Pahrump Valley possibly

since Plio-Pleistocene time supports Wright's hypothesis

that major extension had ended prior to Plio-Pleistocene

time.

The area from the Spring Mountains breakaway zone and

immediately west fall into zone A of Wernicke's (1985)

normal simple shear model for highly extended terrains

(Figure 47). The model predicts that a small amount of

localized isostatic rebound occurs along the breakaway zone

of major detachment systems. This model could explain the

uplift and exhumation of the Plio-Pleistocene(?) section

exposed in southeast Pahrump Vall_y. The cessation of

rebound at isostatic equilibrium may be represented by the

tectonic hiatus in which the pediment in southeast Pahrump

Valley was formed.

It is likely that the present Pahrump fault system is

superimposed upon, and generally unrelated to the proposed
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Death Valley normal fault system responsible for the initial

opening of Pahrump Valley. One possible exception to this

is that the WSMFZ may represent reactivation of earlier

listric normal faults within the breakaway zone of the Death

Valley normal fault system.

Wernicke et al. (1988) did not account for strike-slip

faults when they reconstructed the initial opening of the

Pahrump basin. If the strike-slip faults in Pahrump Valley

are accommodation faults related only to zones of differen-

tial extension, the faults would be confined only to the

area of high extension. Though the Quaternary faults along

the PFS are confined to Pahrump and Stewart Valleys, there

is evidence for Quaternary activity in the southern Amargosa

Desert, and this along with the inferred extension of a

dextral shear zone to the north and south as proposed by

Schweickert (1989) extends the zone of strike-slip faulting

outside of the proposed zone of extensional faulting.

Reflectors in the basin in southwest Pahrump Valley

show no systematic tilting, implying that the deposition of

the sediments in this basin took place after major low-angle

listric faulting had ceased in the Pahrump basin, and that

the PVFZ is not a west-dipping listric normal fault zone.

Wernicke et al. (1988) suggested that the Resting

Spring and Nopah Ranges have been translated westward, away

from the Spring Mountains along low-angle normal faults.
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The Nopah and Resting Spring ranges are located within the

upper plate of the proposed DVNFS initiating at the Spring

Mountains. The location of the active PFS lies entirely

with the Pahrump basin, east of the Nopah and Resting Spring

ranges and west of the Spring Mountains. Thus, the PFS cuts

only the lower plate of the DVNFS (Figure 50). Therefore,

the PFS must have been superimposed upon the earlier extend-

ed terrain, and cannot be viewed as a shallow accommodation

fault separating zones of extension.

A change in the tectonic style of the southern Great

Basin is predicted by a change in relative plate motion

between the Pacific and North American plates. This change

in plate motion occurred 3.6 to 3.8 Ma, and Argus and Gordon

(1990) predicted up to 10 mm/yr of N60°W right-lateral dis-

placement should be distributed throughout the region be-

tween the Sierra Nevada block and the Colorado Plateau.

Nitchman et al. (1990) cited several examples from the

triangular region coincident with the DVNFS that supports

this change in tectonic style since -4 Ma.

SUMMARY

The timing of tectonic events in Pahrump Valley is

poorly constrained. Table 2 summarizes the Cenozoic history

of the Pahrump basin. Following Wernicke et al. 's (1988)

hypothesis for the opening of the Pahrump basin, the basin
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was initially opened along the breakaway zone of the Death

Valley normal fault system, about 10-15 m.y. ago. During

this time extension rates were high (20-30 mm/yr) and ap-

proximately northwest directed extension was dominant. A

deep seated shear system beneath Pahrump Valley may have

been in place at this time, but the high extension rates may

have overwhelmed the lower strike-slip rates.

The PFS lies at the southern end of the Walker Lane

Belt as delineated by Stewart (1988). The following evi-

dence suggests that a generally northwest-trending dextral

shear zone has been active beneath Pahrump Valley at least

since the mid to late Tertiary: Extreme linearity of the

PVFZ; alignment of the PVFZ with apparent dextral faults as

far south as Ivanpah Valley and as far north as Crater Flat;

probable opening of Stewart Valley, and northern Pahrump

Valley as pull-apart basins; stratigraphic evidence for

migrating depocenters; evidence from seismic reflection

profiles for broad scale folding of deep reflectors indicat-

ing localized compression; evidence from seismic reflection

profiles for distributed high-angle faulting; right-lateral

offsets of Paleozoic rocks of up to 35 km; and the present

fault geometry. Slowing of extension rates in the 1ast

5-10 Ma and a change in relative motion at the North

America/Pacific plate boundary 3.6 to 3.8 Ma (Nitchman
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et al., 1990) may have caused the reactivation of this shear

zone as the active fault system now evident in the Pahrump

basin.

RECOMMENDATIONS FOR FUTURB STUDIES

This study of the faults and basin history of Pahrump

Valley and Stewart Valley is a first attempt at a synthesis

of the late Cenozoic history of the region. Prior to this

study, mapping of the faults in Pahrump was accomplished

through a remote sensing analysis of faults in the basin

(Liggett and Childs, 1973), and no attempt was made to

relate these faults to the present basin morphology. Other

studies regarding the tectonic history of the Pahrump basin

involved correlation of Mesozoic thrust faults in the ranges

bordering Pahrump Valley (Wernicke et al., 1988). Although

Malmberg (1967) produced a reasonable reconnaissance level

geologic map of the basin, no detailed stratigraphic de-

scription of maps of the Tertiary(?) and younger deposits

exposed in Pahrump was produced. The present study concen-

trated on fault patterns and timing of the Pahrump fault

system as well as interpretation of seismic reflection

profiles to determine deep basin and fault geometries. As

with most research projects, this study produced as many

questions as answers and much work remains to determine the

long term history of the Pahrump basin, as well as the
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current level of activity of the fault system.

The basin stratigraphy of Pahrump Valley needs to be

mapped in detail. Pahrump is an excellent place for an

I analysis of Tertiary basin stratigraphy, since localizedcompression along the fault system and/or isostatic rebound

has uplifted _ considerable section of the older basin fill

i deposits. Detailed mapping may help to constrain offsets

! along faults, timing of fault events, and deformational

structures related to the PFS. Analysis of the basin depos-
i

its might indicate their source area, and lead to a better

• understanding of the geometry and depositional history of

the early Pahrump basin. Hewett's (1956) description of the

Resting Spring formation exposed along the north flank of

the Kingston Range suggests these deposits may be similar to

depositF exposed in the dissected drainages near Browns

Springs in Pahrump Valley. Correlation of this stratigra-

phy, which contains datable tuff deposits, may be useful for

long term basin analysis as well as long t,_rm fault history.

J. Quade has begun mapping the late Wisconsin stratig-

raphy in the vicinity of Stump Spring, Browns spring and

Hidden Hills. His mapping reveals an extensive late Wiscon-

sin history buried in restricted bodies of sediment inset

into the older basin sediments. This mapping indicates an

J abundance of young datable deposits which might be used to

i constrain the timing of fault events in Pahrump. Quade's

1
I
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mapping is concentrated in the southern part of the basin,

but similar deposits occur along the northeastern portion of

the basin, along Highway 160 and in dissected packages along

faults that splay off of the main PVFZ towards the WSMFZ

(Location 30, Plate 1). These young deposits in the north-

eastern portion of the basin are faulted by down-to-the-west

normal faults, and detailed mapping of the deposits may help

constrain timing of fault events.

The northern portion of the PVFZ in northwestern Pahr-

ump Valley, and southeastern Stewart Valley has many young

scarps representing recent faulting events. Inspection of

stream cutbanks in this area shows very homogenous sediments

with no discernible bedding or stratigraphy. However, one

shallow landfill excavation at the south end of Stewart

Valley did show weak bedding of coarser and finer sediments.

Trench excavations across one or more of these young fault I

splays may yield information on th_ subsurface geometry of i

!

i

the faults as well as bedding offsets. However, it is un-

likely that d_table materi_is will be discovered in these i

excavations. Placing limiting ages on fault events will

therefore be difficult.

In one location along the ENFZ (Location 5, Plates 1

and 2), a west facing scarp has ponded young alluvium. This

may be another good location for a trench excavation to
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explore subsurface fault geometry and magnitude of vertical

offsets along the ENFZ.

A geomorphic map of the alluvial fans of the Spring

Mountain range front may be useful in constraining timing of

events and rates of activity for the WSMFZ. Janet Sower's

(1986) mapping of the Kyle Canyon fan surfaces on the east

flank of the Spring Mountains provides a reasonable basis

for comparison of surface ages as the parent lithologies are

similar, both being dominantly limestones. Air photo ex-

pression of the geomorphic surfaces along the spring Moun-

tains range front shows that these surfaces are geomorphi-

cally distinct. Possible age control for the fan surfaces

could be provided from the Late Wisconsin paludal deposits

exposed at the toe of a large alluvial fan of the Spring

Mountains range front in northern Pahrump Valley which are

dissected by the youngest alluvial fan deposits. Soils

descriptions from these surfaces may also help constrain

surface ages.
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