They probably postdate the most
active perlod of Ilstric normal
faulting.

sTOP 5. View llstric fault on north

slde of wash that dlps 20-50° west
and places Nugent Tuff Member agalnst
the Blue Sphinx. Stratigraphlic
sltuation, desplte contlnuous 30-50°
gast dlp of strata, Is same as where
we entered wash 2.1 ml. downstream.

57.65 BRIEF STOP.

(Time permltting). Nugent Tuff here
stands vertical--the end product of
repetitious llstric faulting.

57,93 Cross the trace of Gum Drop Hills
fault which, on south slde of road,
places older fanglomerate agalnst
altered tuffs and Intrusives - sllick-
en-slded clay marks trace on south
slde at 9:00. Light-colored "sanded"
younger alluvlum marks track on north
slde.

BRIEF STOP.

(Time permltting). Listric-faulted,
extended terraln ends at this fault.
Strata to west of fault dip gently
east and are not repetlitiously fault-
ed.

58.65 Junction with new Nugent Wash road:
turn left, proceed to Hawthorne and
thence to Reno.

LATE CENOZOIC STRUCTURAL GEOLOGY OF
STEWART AND MONTE CRiSTO VALLEYS,
WALKER LANE OF WEST CENTRAL NEVADA

MARK P. MOLINARi, Mackay
University of Nevada Reno

School of Mines,

ABSTRACT

The Stewart-Monte Cristo fault zone Is one
of a serles of northwest trending right-
lateral wrench faults wlthin the central
Portion of the Walker Lane, west-central
Nevada. Deformatlion along the zone |Is
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expressed as a serles of dlscontlinuous
rlght-normal-obllque-slip faults which
extend for approxlimately 45 km. along the
west slde of Stewart Valley Into west-
central Monte Cristo Valley. The fault
zone was Initlated post-11.0 m.y. B.P. and
Is currently active. Folds slituated east
of the fault zone wilthin the mld-to-late
Mlocene age Esmeralda Formatlon are coeval
wlth and genetically related to the fault-
Ing, and may be continuing to develop.

Surface faulting assocliated with the
1932 Cedar Mountaln earthquake occurred at
the base of pre-exlsting fault scarps on
the southern segment of the fault zone.
Fault-related geomorphology
evidence for at least three and probably
flve or six surface faulting events durling
the latest Plelstocene and Holocene;
suggesting a recurrence Interval on the
order of several thousand years.

provides

1 NTRODUCT1{ON

Stewart and Monte Cristo Valleys are two
separate dralnage basins which form a
contlinuous, northwest trending topographlc
depression In eastern Mlneral! and Esmeral-
da Countles, west-central Nevada (Fig. 1).

The valleys are floored by mld-to-late
Miocene volcanlc and sedimentary rocks and
Quaternary alluvlal deposits. The two
valleys were the eplcentral area of the
1932 Cedar Mountaln earthquake (Ms=7.2-
7.3) and are slituated near the eastern
margin of the central portlon of the
Walker Lane. Gianella and Callaghan
(1934a, b) made a detalled report of most

of the surface faulting that occurred In

1932 and previous studles In the area
(Buwalda, 1914; Mawby, 1965) have only
made brlef mentlon of the structural
geology wlthin Stewart Valley. The dis-

contlnuous pattern of surface faultlng and
relatively small surface dlsplacements
reported by Glanella and Callaghan (1934a,
b) are anomalous when compared to other
historlical earthquakes of simllar magni-
tude.

The purpose of the Investigation re-
ported In thls paper was to (1) define the
late Cenozolc structural geology of the
area, (2) reflne the work of Glaneila and
Callaghan, (3) detect any additional
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Wl EXPLANATION:
D Quaternary alluvium
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FIGURE 1: Generallzed geologlc map
Stewart and Monte Cristo Valleys @
showing major late Cenozole faultse.
Flgs. 2A and 2B for detal] of struct
geology In out!lned area.
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surface faulting which may have occurred
in 1932, and (4) determine the space-time
relationshlp of tectonlc deformation wlth
respect to nearby areas In the Walker
Lane. Ages asslgned to Quaternary depos-
{ts were estlmated by comparing solls
tormed on geomorphlc surfaces wlth similar

soils In the Reno-Carson Clity area (Bell,
1981) Thls paper presents a review of
+he late Cenozoic structural geology and

and Is based
by Mollnari

tectonlc history of the area
on a more detalled report
{1984) .

GEOLOGIC SETTING

stewart and Monte Cristo Valleys are
bounded on the west by the Gabbs Valley
Range and Pllot Mountalns, on the south by
the Monte Cristo Range, on the east by the
Cedar Mountalns, and by several low hills
on the north (Flgs 1). The surrounding
mountaln ranges conslst of late Permlan
through Jurasslc sedimentary rocks, Creta-
ceous plutonlc rocks, late 0llgocene and

early Mlocene slliclc ash-flow tuffs, and

early-to-mlid Mlocene Ilavas and volcanlc
debris—flow brecclas of Intermedlate
composition (Ross, 1961; Nlelsen, 1964;
Albers and Stewart, 1972; Speed, 1977;

tkren and Byers, 1978; Oldow, 1981).
Lacustrine and fluvlial sedimentery
rocks of the Esmeralda Formation crop out
throughout Stewart Valley (Fig. 1). The
Esmeralda Formatlon conslsts of at least
445 m. of calcareous and slllceous shale

and slltstone, fine- to <coarse-gralned
sandstones, and lesser amounts of |lIme-
stone, reworked alr-fall +tuff, chert,

dlatomite, and tufa (Buwalda, 1914; Mawby,

1965). The basal portlon of the Esmeralda
Formation Interflngers with volcanic
debris-flow brecclas of Intermediate

f composition along the east flank of the

Gabbs Valley Range and at the northwest
edge of the Cedar Mountalns. Morton and
others (1977) obtalned K-Ar age dates of
5.1 + 0.5 m.y. and 15.4 + 0.5 m.y. from
the brecclas on the east flank of the
Gabbs Valley Range. Two tuffs In the
Upper portlion of the formatlon were corre-
lated by Mawby (1965) with tuffs exposed

. O the east flank of the Cedar Mountalns

| that have been K-Ar dated by Evernden and

TR N
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others (1964) at 10.9 m.y. and 11.8 m.y.
The mid-to-late Mliocene age of the Esmer-
alda Formatlon [Is supported by wearly
Barstovlan to eariy Clarendonian mammalian
and molluscan fossll assemblages wlthin
the formatlion (Merrlam, 1916; Stirton,
1932; Flirby, 1964; Mawby, 1965). During
the late Quaternary, several perlods of
planation were followed by perlods of
downcutting +to form several! prominent
pediment remnants on the Esmeralda Forma-
tion.

Monte Cristo Valley
almost completely floored by Quaternary
alluvial and ptaya deposlits. The Esmer-
alda Formation crops out along the north-
ern and southern edges of the valley and
In a |Inear fault-bounded strip along the
west slde of the valley. Varlous Tertlary
volcanlc rocks crop out locally along the
western edge and southern portlon of the
valley (Flg. 1).

Is a closed baslin

STRUCTURAL GEOLOGY

Flg. 2 Illlustrates the major faults and
folds In the Stewart and Monte Crlisto
Valleys. The structural geology ls char-

acterlzed by a N30°W trending zone of
discontinuous faults whlch extend for
approximately 45 km. along the west edge
of Stewart Valley and into Monte Cristo
Valley to the south edge of Klibby Flat
playa. Numerous folds occur east of the
faults wlthin the Esmeralda Formation, and
the east edge of Stewart Valley Is fault
bounded.

The southern segment of the N30°W fault
zone was reactivated In 1932 and has been
Informally referred to as the "Cedar
Mountaln fault" In reference to the earth-
quake. Since the fault zone Is actually
located west of the Cedar Mountalns In
Stewart and Monte Cristo Valleys, It Is
hereby +termed +the Stewart-Monte Cristo
fault zone (SMCFZ). For the purpose of
discussion, the area s divided Into three
sections (north, central, and south) based
on the style and magnltude of deformatlon
along the SMCFZ.

NORTH SECTiON
The north section extends from the north-
ern edge of the area to central Stewart
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FIGURE 2: Map of late Cenozolc structural geology of Stewart Valley (A) and Monte Crlsto

Valley (B) (after Mollnari, 1984). See Fige 1 for locatlon. SMCFZ - Stewart-Monte Crlsto
fault zone, GYR - Gabbs Valley Range, CM - Cedar Mountalns, PM - PlJot Mountalins.
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| yalleys
| perks the southern terminus of thls sec-
1 tlon (Flg. 2A, location a).

| slip and

1 obllque4s!1p: faults
- gpproximately

i

A maJor N75°E trendling anticline

Major struc-

tures In  this section Include several
{ porthwest trending right-oblque-silip
taults of the SMCFZ, numerous northwest,

trending folds throughout the valley, -and
ceveral north to northeast trending normal

: left-oblique-sllip faults In the
£ pastern portlon of the valley. _

' The northern segment of the SMCFZ

consists of northwest +trending, right-

‘which - extend - for
13 km. along the western
edge of Stewart Valley (Flg. 2A). The

faults dip steeply east or west and occur:

at or near the contact between the Esmer-
alda Formation and the volcanic debris
flow brecclssa. Fleld evidence for the

presence and location of faults Include
scarps, offset bedding, sheared and brec-
clated zones In volcanic debris flow
brecclas, and geomorphlc features such as

deflected dralnages and a llinear hillslide

valley (Flg. 3). The faults are well
exposed In the southern portion of +he
section. Although rarely exposed in the

northern portion, the faults are expressed
by distinct topographlc llineaments visible
on aerlal photographs.

Accurate estimation of the magnitude of
displacement on the northern segment was
not possible since the faults parallel the
strike of bedding and the brecclas are

poorly stratifled. At .severa! locatlions,
distinctive unlts can be traced across
Indlvidual faults and +the normal dip

separation Is on the order of 30 to 40 m.
Cumulative normal dip separation Is esti-
mated to be at least 100 m. across +the
fault zone with a2 simllar amount of right-
lateral separation. Relative displace-
ments on the faults are both west block
Upthrown and east block upthrown. Evli-
dence for a - component of right-lateral
strike-slip Includes the rake of strlae on
slickensided fault scarps, the occurrence
of a graben at right-steppling fault traces
(Flg. 2A, locatlon b), deflected dralnage
channels, and the approximately 150 m. of
rlght-lateral separation apparent on the
8dge of a distinct lava flow offset by one
°f the faults. The rake of observed
striae range from horlzonta! to 76°, with
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an average of 43°. The varlabllity of the .
rake of striae and dip of fault planes are
irregular
fault propagatlion through the heterogenous
breccias .rather than varying slip direc-
tlons on the faults at depth.

Simllar bedding ‘attitudes on both sldes
of the fault zone and the conformable
contact between the Esmeralda Formatlon
and the volcanlc brecclas Indlicate the
initiated post-15 m.y. B.P.
and probably post-11 m.y. B.P. At one
location, an eroslonal remnant of Esmer-
alda Formatlon overlles +the volcanic

‘brecclas wlth an angular unconformlty of

8°.  These sediments are stratigraphically
younger than +the conformable sediments
along the range front. The unconformity
Is Interpreted to be the result of mid-
Mlocene upllift of the easternmost block of
the Gabbs Valley Range on the Petrlifled
Spring fault which Is located approximate-
ly 4 kms to the west (Fig. 1). The north-
ern segment of the SMCFZ was Initlated
after deposltlon of the Esmeralda Forma-
tlon (post-11 m.y. B.P.)s. The fault-
related geomorphlc features and an offset
mid(2)-to-late Plelstocene pediment
face |Indlicate late Plelstocene actlvity
but there Is no evidence for Holocene
activity.

A N75°E trending anticllne located
south of the faults (Flg. 2A, locatlion a)
marks the southern boundary of the north
section. The fold plunges sast and Is
slightly overturned at Its eastern end
(Flg. 4) where It Is truncated by a north-
to-northeast trending fault (Filg. 2A,
location ¢). The presence of a truncated
east plunglng antlcline east of the fault
suggests 0.7 km. of left-separation with
an undeterminable amount of normal separa-
tion. Late Plelstocene pediment gravels
are not displaced by. the fault but some
minor surface. flssurlng may have occurred
in 1932 (Glanella and Callaghan 1934b).

Along the east flank of the Gabbs
Valley Range the volcanlc brecclas consis-
tently dip 20° to 25° east, whereas within
Stewart Valley the Esmeralda Formation has

SHf=

been deformed Into numerous northwest
trending folds whlch are subparalle! +to
the faults (Fig. 2A). The gentle folds
are horlzontal to gently plunging with
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limbs that dip from 5° to as much as 43°
(Flg. 5). Lengths of the folds range from
approxlmately 0.5 to 7 km. Several rela-
tively short, north-to-northeast trending,
gentle folds occur in the southeast por-
tlon of the north section. No unconformi-
ties have been detscted in the Esmeralda
Formatlion In Stewart Valley; thus, +the
folding was Inlt+lated post=-11 m.y. B.Pp.
Undeformed mid(?)-to-]ate Plelstocene
pediment gravels cap the folded Esmeralda
Formation (Flg. 6). if the Initlation of
the folding Is assumed to have begun
between 5 and 10 MeyYe BeP., the amount of
post-pediment tllting at Jlocations where
pediments are well-preserved would be a
maximum of 2°. This value Is too small +o
be distingulshed from the natural pediment
slope and the folding may be continulng
presently.

Local varlations In bedding attltudes,
the repetition of tuff beds, and one faul+
exposure In the Esmeralda Formation |[n
northern Stewart Valley Indicate +he
exlstence of a northwest trending buried
fault and a north trending branch faul+
(FIgs 2A, locatlon d) . A cross-section
constructed through this area Indlcates a
combined 105 m. of normal dip separation
of the tuff beds. The faul+s do no+
displace alluvial deposlts of Holocene
age. :

The range front normal! fault of the
west flank of +he Cedar Mountalns (Fig.
2A, locatlion e) has a sinuous trace and Is
dellneated by a sharp break In slope,
discordant bedding between +the Esmeralda
Formation on the west and pre-Esmeralda
volcanlc rocks on +the east, and the local
emp lacement of Intrusive brecclas along
the fault trace. There Is no dlrect
evidence for late Plelstocene or Holocene
displacement atong the faul+. A+ the
northwest corner of the range, several
minor northwest trending right-ob!ique-
slip faults branch from the maln faul+t.
In thls area several northeast+ trending
faults Juxtapose +he Esmeralda Format{on
against Intermediate lavas of probable
early-to-mid Mlocene age. Stratigraphlc
relatlonships within the Esmeralda Forma-
tlon suggest some teft-lateral sllp on the
northernmost of these faults but the trace
of a fold axis c¢rossed by the fault does

not appear +to be la?erally disp)
There Is no evidence fop late p!mz wa
or Holocene movement on thess fauHE.UQ“
CENTRAL SECTiON

The central section extends fop a0ph |
mately 8 km. southward frop *hﬂN;ﬂf
anticline Into northern Monte Cr;E
Valley (Fig. 2A, 28). Deforma+;0n In ?F
central section Is more localzeg rﬁhffe
to the north. At the northern edge ?
this sectlion, humerous northwest tre i

nd|
tightly spaced, gentie to open fo|q. E[
formed In the Esmeralda Formatiap m1+;
south Iimb of the N75°E antic|p, Di;
5

of the fold [Imbs range from 9° 4, B4° gng
the average wavelength of +he folds ﬁ
less +han 30 m. None of +the folds can by
traced for more than 2 km.,

In southeastern Stewart Valley (Flg,
2A, locatlion f) several northeast trend|,
normal faults, wlth +he east block up-
thrown, are del Ineated by distinet lInga-
ments on aerlal photography and the repe-
titlon of tuff beds within the Esmerajd,
Formation. Apparent normal dip Separatiog
on each of the faults |s approximately 3
Me Or less. No evldence of fa?erals:m
on these faults was observed, byt the
discontinuous outcrop pattern of the tutfs
prevented resolution of +he structural
geology. A minor, northwes+ trending
right-lateral strike-slip fault was mapped
In the southern portion of the central
sectlon (ﬁlg. 2B, location gq) based opn
several surface flssures reported by
Glanella and Callaghan (1934b) and a weak
photol ineament.

SOUTH SECTiON

The southern segment of the SMCFZ extends
for 24 km. from northwest Monte Cristo
Valley to the south edge of Kibby Flat
(Flg. 2B). Deformatlon [n +he northern
12.2 km. of this sectlon |s expressed as a
series of promlnent north-to-northwest
trending fault scarps In mid(?)-to-late
Quaternary alluvium with an overall trend
of approximately N30°W. In +he central
portion of the section, northerly trendlng
faults occur In a left-stepping en echelon
pattern (Flg. 2B, locatlon h). Vertlcal
displacement on the faults has been great
enough to locally juxtapose rocks of the
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gsmeralda Formation agalnst various allu-
ylal unlts. Except where grabens occur,
the scarps are west faclng. A 65°N dip-
ping fault plane Is exposed In a scarp
¢ormed In the Esmeralda Formation at one
jocal ITy. Bedding In the Esmeralda Forma-
tlon strikes northwest and dips 6 to 65°
gast except where small, gentle to open
folds have formed subparallel to the
faultse

A northwest trending vegetation !lnea-
pent on the west side of Kibby Flat playa
s Inferred to be fault controlled and
represent the southernmost portion of the
GMCFZ. The llneament Is on trend with the
faults northwest of the playa and |Is
transverse to and apparently disrupts
pands of vegetation paralleling the playa
edge. No displacement of the playa sur-
face was observed.

The surface faults assoclated wlth the
1932 earthquake generally formed along
pre-existing fault scarps several meters
high (Flg. 7). Several new faults were

E formed and some pre-exlstlng faults were
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not reactivated. Norma! throw of up to
140 cm. was measured on the 1932 scarps
and right-lateral! slip ranging between 100
+o 200 cm. Is Indlcated by offset dralnage
channels and |lInear lag deposlts of gravel
and cobbles perpendicular to the scarps.
in addition, a component of right-lateral-
slip Is Indicated by scarp helghts which
Increase downslope on south-faclng channel
sideslopes perpendlicular to.the faults.
Several en echelon northeast trending
faults branch from the maln trace of the
SMCFZ In northern Monte Cristo Valley
(Flg. 2B, location I). West faclng scarps
were formed in 1932 and there Is no evi-
dence for pre-existing fault scarps. A
65°W dip was measured on one fault plane
where It |Is exposed In the Esmeralda
Formation. Normal throw of up to 75 cm.
was measured on the west faclng scarps.
The conslstent scarp helght where the

faults traverse channel slideslopes sug-

gests llttle or no latera! slip at this
locallty.
Several! faults are exposed In the

>
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FIGURE 7:

Diagram from photograph showing 40 centimeter high 1932

fault scarp at base of pre-exlsting fault scarp In Monte Cristo

Valley.
several

Scarp helghts and preserved surfaces provide evidence for
1932-slzed surface faultling events post-surface a prlor to
surface b, and post-surface b prlior to surface c.
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Mesozolc sedimentary rocks and Tertiary
voleanic rocks which crop out along the
west margln of Monte Cristo Valley. The
faults exhibit normal displacement and are
assoclated with uplift of the Pilot Moun-
The northwest trending faults may
have experlienced a component of right-
lateral-slip but no  direct evldence was

observed. None of fhe'lafe'PlelsTocene
fans deposlted across the faults are
offset.-

LATE QUATERNARY RECURRENT FAULTING ON THE
SMCFZ iN MONTE CRiSTO VALLEY

Unlike most late Quaternary fault scarps
within the Great Basln, the fault scarps
along the southern segment of the SMCFZ
are antithetlic to the nearby range front.
Alluvium transported across +he pledmont
slope has been deposlited agalnst and
across the fault scarps, or transported
and deposited beyond the scarps by ephe-
meral stream channels eroded through the
scarps. The pre-exlsting scarps and age
and number of geomorphic surfaces pre-
served on the wupthrown block provide
evidence for multiple late Quaternary
surface faulting events on the southern
portion of the SMCFZ.

Stratigraphlc and geomorphlic relatlon-
ships Indicate that at most locatlons the
eroslonal and deposltional geomorphlc
surfaces preserved on the upthrown block
are older than the depositional surfaces
at the base of the scarps. Consequently,
the total scarp helghts observed represent
the minimum vertica! separation betwesn
the preserved surfaces and correlative
surfaces presumed to be burled at the base
of the scarp. in addition, most of the
higher (older) surfaces are erosional
surfaces formed subsequent to the Initial
The age of a preserved
surface, sestimated from solls developed on
the surface, provide a mlnimum age eastl-
mate for the faulting event which elevated
the surface and prevented I+ from being
burled by subsequent alluvial depositlion.
Pediment remnants, eroslional fan remnants,
and Inset fans preserved on the upthrown
block (surfaces a, b, and ¢, respectively,
In Fig. 7) have surface soils of Holocene
and possibly latest Plelstocene age (less
than 35,000 yrs. old).
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if It Is assumed +hat the
Mountaln surface faulting event
of events on the SMCFZ, then compar
the 1932 scarps. to preexlsfing
provides Inslight Into the numb
face faulting events which ocey 0
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The pre-existing scarps are gener)
three to five +imes fhe_ helght of Ig?
scarps at their base: (Fig. 7). :

SCarp
proflles measured at several I°C°*hns
suggest at least 1two or +three Pre~193,
events wlith greater-than-1932 verticy)
displacement. Since the measureq scarp
helghts are mInlimum values, I+ js est|-

mated that at least three and probap|,
flve or six pre-1932 surface faMflw
events occurred on the southern portion of
the SMCFZ during the latest Plelstocen,
and Holocene; Indlcating recurrence |nter-
vals on the order of several thousang
years. in additlon, several older late
Plelstocene events are suggested by fay|+
scarps, not reactivated |In 1932, which
displace older geomorphlic surfaces. No
rellable estimate for the total dlsp|ace-
ment on +he southern segment of the fault
zone could be obtalned.

RELATIONSHIP OF THE SMCFZ TO LATE CENOZOiC
FAULTS OF THE CENTRAL WALKER LANE

The majJor late Cenozolc faults of the

central Walker Lane conslist of a serles of

northwest trending, left-stepping, en

echelon right-lateral strike--sllp faults

In the Gillls and Gabbs Valley Ranges with

a cumulative displacement of at least 48

km. (Hardyman and others, 1975; Hardyman,

this volume; Ekren and Byers, thls vol-.
ume). Several majJor east-northeast trend-

Ing left-lateral strikes!ip faults (Speed

and Cogblll, 1979; Ekren and Byers, thls

volume) are conjugate- to +he domlnant

northwest trending faults. Major strike-
sltp faulting - in thils portion of the
Walker Lane was Inltlated at least 25 m.y:
B.P. (Speed and Cogbill, 1979; Hardyman,
thls volume; Ekren and Byers, thls vol-
ume) .

The SMCFZ Is a N30°W trending rlght-
normal obllque-slip fault located south-
east of the maJor faults In the Gabbs
Valley and Gillis Ranges. The southern
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. Cadar"“ gmﬁ,ﬁ- of the faul!lt zone transects the

rl:plcalj_ ; 8351--».;951 trendlng Pancake Range |Ineament
0 of I iren and others, 1976). This !ineament

scarps":'

s not expressed In the Esmeralda Forma-
of sup~

or Quaternary alluvium of northern

d durfpe E flO"

olocrlns:' yonte Cristo Valley but 1s well expressed

enere;;e._.:_\ 1 = pre-Esmeralda rocks In the bounding
gt .~ pountain ranges. Some deformatlon must

~ have occurred In the study area during the
qorly Mlocene to form the depositional

| pasin of the Esmeralda Formation and cause

. an angular unconformity between pre-Esmer-

P
ocatiops
pre-193;

vertica]
d Sc:a'-{'-. alda volcanlc rocks and the Esmeralda
. es;;p formation In the northern Cedar Mountalns
probab |, ~ (puwalda, 1914; Mawby, 1965). There Is no
fau!ﬂnv.; 'ey[dence for the exlstence of the SMCFZ
FHlon 63 prlor‘ +o or durlng the deposition of the
IS‘I‘ocen; :;Tm:ralda ;o;maﬂon, approximately 15.5 to
3 fnfar-- 0 MeYo .
housand : The SMCFZ appears to have been the most
ler la{é.-  actlve of the right-lateral strike-slip
»y fau!.-li..- taults durlng the latest Pleistocene and
. whieh | Molocene and deformation Is continulng at
ss. 'No. | present as evidenced by the 1932 earth-
lsplacos 1 quake and continued selsmicity. The
o faulf. " relatively young age of the fault zone may

' . represent a southeast expanslion of the

: central portlon of the Walker Lane struc-
:ENOZU{C . tural zone.

MODEL OF FOLD AND FAULT PATTERN

1 The timing and pattern of folds and faults

Is best explalned by wrench tectonlc
models (Tchalenko, 1970; Wilcox and
others, 1973; Odonne and Vialon, 1983).

Folds assoclated with right-lateral! wrench
faults form subparalle! (less than 45°)
and counterclockwlise to the controllling
fault. WIth Increasing deformation, the
angle decreases and the fold axes may
become curved. The folds may result from
convergent wrench fault dlsplacement or

51,,-1“-] : form when plastic materlals overlle mater-
of the lals  experiencing brittle deformation
25 meYe along a wrench fault. Since the faults of
wrdyman, the SMCFZ display a component of normal
Is vol= slip and the folded Esmeralda Formation
i overlles Tertlary volcanlc and Mesozolc
right= sedimentary rocks whlch deform brittlely
south=z {see Ekren and Byers; Hardyman, this
s Gabbs Yolume), the latter cause Is the favored
;ou‘rher'l'l"'.f Interpretation for the origin of the
folds. The majJor N75°E trending fold In
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southern Stewart Valley results from
strong convergence at the left-step be-
t+ween the north and south segments of the
SMCFZ.

The north trending en echelon faults in
+he southern segment of the SMCFZ (Flg.
2B, location h) could result from a right-
step In the fault zone or may be Reldel
shears In the "peak structure™ stage of
evolutlon (Tchalenko, 1970) Reldel
shears form at low angles (less than 30°)
to the sliip directlon during the Inltlal
stages of wrench faulting. Pul l-apart
depresslons commonly form at right-steps
on right-lateral wrench faults (Crowell,
1974), but since thls portlon of the SMCFZ
Is a topographlc and structural high the
faults are Interpreted as Relde! shears.
Other north to northeast trending normal
and left-normal-obllque-sllp faults situa-
tod east of the SMCFZ are most |lkely
large scale conjugate Reldel shears.
Comparison of the structural development
of the SMCFZ to laboratory wrench fault
mode!ls {Tchalenko, 1970; Wilcox and
others, 1973) suggest I+ is a wrench fault
In the Inlitlial stage of the early phase of
development.

The southern segment of the SMCFZ
appears to have been conslderably more
active than the northern segment durling
+he Jatest Pleistocene and Holocene and
was reactivated In 1932. 1in additlon, the
lack of an apparent surface expresslon of
t+he fault zone In the central sectlon
would argue agalnst a genetlc relatlonshlip
between the northern and southern fault
segments. This apparent dlscrepancy can
be explalined |f convergence at the left-
step has caused the northern segment to
become locked and a new fault to form at
depth as a northerly extension of the
southern segment (Crowel!, 1974; Mollnari,
1984). The lack of surface expression of
the fault may be a result of the early
stage of fault development, poor propaga-
+ion to the surface due to detachment
(Hardyman, 1978; Mollnari, 1984), folding,
or a combinatlon of these. The presence
of a throughgolng fault at depth Is sup-
ported by the fact that: (1) the length
of surface rupture on the southern segment
of the SMCFZ assoclated with the 1932
earthquake Is relatively small when com-
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pared to other historical earthquakes of
simllar magnitude; (2) only minor surface
faulting occurred within Stewart Valley
but occurred on several faults to the
north In southern Gabbs Valley (Gianella
and Callaghan, 1934a, b); and (3) current
mlicroselsmicity occurs within Stewart
Valley (Gumper and Scholz, 1971; Ryall and
Priestley, 1975). A  composite focal
mechanism from mlcroselsmlclfy recorded In
January and February 1969 f{ndicates right-
normal obllque-sllip on a N27°W trending,
70°SW dipping fault (Gumper and Scholz,
1971).  This focal mechanism |s entirely
consistent wlth geologlc observations.
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