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ABSTRACT

The 1932 Cedar Mountain earthquake
(Mg 7.2) was one of the largest historical
events in the Walker Lane region of western
Nevada, and it produced a complicated
strike-slip rupture pattern on multiple Qua-
ternary faults distributed through three val-
leys. Primary, right-lateral surface ruptures
occurred on north-striking faults in Monte
Cristo Valley; small-scale lateral and normal
offsets occurred in Stewart Valley; and sec-
ondary, normal faulting occurred on north-
northeast—striking faults in the Gabbs Valley
epicentral region. A reexamination of the
surface ruptures provides new displacement
and fault-zone data: maximum cumulative
offset is estimated to be 2.7 m, and newly rec-
ognized faults extend the maximum width
and end-to-end length of the rupture zone to
17 and 75 km, respectively.

A detailed Quaternary allostratigraphic
chronology based on regional alluvial-
geomorphic relationships, tephrochronol-
ogy, and radiocarbon dating provides a
framework for interpreting the paleoseismic
history of the fault zone. A late Wisconsinan
alluvial-fan and piedmont unit containing a
32-36 ka tephra layer is a key stratigraphic
datum for paleoseismic measurements.

Exploratory trenching and radiocarbon
dating of tectonic stratigraphy provide the
first estimates for timing of late Quaternary
faulting along the Cedar Mountain fault zone.
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Three trenches display evidence for six fault- and Range province, the 1932 event did not oc-
ing events, including that in 1932, during the cur along a major range-bounding fault, and
past 32—36 ka. Radiocarbon dating of organic no single, throughgoing basement structure
soils interstratified with tectonically ponded can account for the observed rupture pattern.
silts establishes best-fit ages of the pre-1932The 1932 faulting supports the concept that
events at 4, 5, 12, 15, and 18 ka, each with major earthquakes in the Basin and Range
+2 ka uncertainties. On the basis of an esti- province can exhibit complicated distributive
mated cumulative net slip of 6—12 m for the six rupture patterns and that slip rate may not be a

faulting events, minimum and maximum late
Quaternary slip rates are 0.2 and 0.7 mmlyr,
respectively, and the preferred rate is 0.4-0.5
mm/yr. The average recurrence (interseismic)
interval is 3600 yr. The relatively uniform

thickness of the ponded deposits suggests that

similar-size, characteristic rupture events may
characterize late Quaternary slip on the zone.
A comparison of event timing with the aver-

age late Quaternary recurrence interval indi-

cates that slip has been largely regular (peri-
odic) rather than temporally clustered.

To account for the spatial separation of the
primary surface faulting in Monte Cristo Val-
ley from the epicenter and for a factor-of-two-
to-three disparity between the instrumentally

reliable criterion for modeling seismic hazard.
INTRODUCTION
Background

The December 21, 1932, Cedar Mountain
earthquake (\7.2) was a strike-slip event that
produced widely distributed, en echelon surface
ruptures along a discontinuous zone crossing
three valleys of west-central Nevada (Gianella
and Callaghan, 1934a; Fig. 1, A and B). The epi-
center was originally placed about 10 km north of
Cedar Mountain by Gianella and Callaghan
(1934a), but it was later more precisely relocated
in Gabbs Valley at the northern end of the rupture

and geologically determined seismic moments zone (Byerly, 1935). Doser (1988) used wave-
associated with the earthquake, we hypothe- form modeling and first-motion data to identify a

size two alternative tectonic models containing

undetected subevents. Either model would ad-

equately account for the observed faulting on
the basis of wrench-fault kinematics that may
be associated with the Walker Lane.

The 1932 Cedar Mountain earthquake is
considered an important modern analogue for

seismotectonic modeling and estimating seis-

mic hazard in the Walker Lane region. In con-
trast to most other historical events in the Basin

Data Repository item 9949 contains additional material related to this article.
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second subevent and to firmly establish a strike-
slip focal mechanism for the main event. The
1932 rupture zone lies within a semicontinuous,
north-trending band of historical seismicity and
surface faulting commonly referred to as the cen-
tral Nevada seismic belt (cf. Wallace, 1984;
Fig. 1A), and the northern end of the rupture zone
overlaps with surface faulting later produced by
the 1954 Fairview Peak event (K12).

Gianella and Callaghan (1934a) mapped the
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Figure 1. (A) Location map showing historical fault ruptures, principal Quaternary faults, and extent of the Walker Lane (shadednd Walker
Lane belt (dot pattern). Historical surface ruptures are shown by bold fault lines in the following locations: O—1869 Olinghous®V—1872
Owens Valley; WON—1903 Wonder; PV—1915 Pleasant Valley; CM—1932 Cedar Mountain; EM—1934 Excelsior Mountain; RM—1954 Rain-
bow Mountain; FP—1954 Fairview Peak; DV—1954 Dixie Valley; FS—1959 Fort Sage; and ML—1986 Mammoth Lakes. Other principal active
faults include PLF—Pyramid Lake fault; HLF—Honey Lake fault; GF—Genoa fault; and FLVF—Fish Lake Valley fault. YM—Yucca Moun-
tain. Modified from Stewart (1988). (B) Location map showing distribution of the 1932 Cedar Mountain ruptures (bold lines) arithe principal
faults of the central Walker Lane: PS—Petrified Spring; BW—Bettles Well; BS—Benton Spring; GD—Gumdrop Hills; IH—Indian Head; EM—
Excelsior Mountain; PR—Paradise Range; MA—Mount Annie. SMC—Stewart—Monte Cristo Valley fault of Molinari (1984). CV—Cirac Val-
ley fault of Hardyman et al. (1992). “1934” and “1954” indicate Excelsior Mountain and Fairview Peak ruptures; respectively. Lotans and fo-
cal mechanisms for the 1932 main event (CM 1) and subevent (CM 2) are from Doser (1988).

rupture zone shortly after the event and docwrestern Nevada later named “the Walker Lanetiveen the Sierra Nevada on the west and the
mented the principal “rifts” along a set of north-As originally defined (cf. Locke et al., 1940), original Walker Lane on the east. Here, we limit
trending, left-stepping structural alignments exthe Walker Lane is a 700-km-long zone obur discussion to the region originally called the
tending from Monte Cristo Valley northward Cenozoic strike-slip structure and physiographyalker Lane.

through Stewart Valley to Gabbs Valley. Owinghat disrupts the otherwise north-northeast— The 1932 faulting occurred in the central
to the right-lateral, en echelon nature of the rugrending extensional terrain of the Basin andlValker Lane, a region characterized by N40°W-
tures, Gianella and Callaghan (1934b) hypothdRange province to the east (Fig. 1A). The zongtriking, left-stepping, right-lateral transcurrent
sized that the 1932 event was illustrative of Sawas redefined by Carr (1984) and Stewarffaults (Hardyman and Oldow, 1991; Fig. 1B).
Andreas-style faulting along a narrow, north{1988) who used the term “Walker Lane belt” tdPost-Oligocene right offset on individual faults is
west-trending structural-physiographic line indescribe a wider range of structures lying beestimated at between 9 and 18 km, with cumula-
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tive late Cenozoic right offset across the centrag, establish the first estimates of timing for latesets of 15-30 cm. Horizontal displacements of
Walker Lane estimated to be between 48 and Tuaternary faulting in the rupture zone. To bettewash banks, thalwegs, and channel bars are still
km (Ekren and Byers, 1984; Stewart, 1988). understand the character of seismotectonidsible along much of the rift. The northern end
Gianella and Callaghan (1934b) suggested thatocesses in the Basin and Range province, weé rift 24 splits with a western branch stepping
the 1932 faulting was due to regional-scale, righevaluate the complicated fault-rupture pattern. Weft to rift 23B along a 30-m-high, northwest-
lateral wrench faulting within the Walker Lane.build on the wrench-fault models proposed byrending pressure ridge formed in Quaternary al-
Molinari (1984) mapped late Cenozoic structuré&ianella and Callaghan (1934b) and Molinariuvium. As much as 15 cm of reverse slip oc-
in the southern half of the rupture zone and sim{1984), and we speculate on alternative tectonairred along the stepover in 1932, a kinematic
larly attributed the 1932 ruptures to wrench teamodels that may account for some of the seismeelationship consistent with restraining-bend
tonics. On the basis of modern seismologic arldgic and fault complexities associated with thgeometry of strike-slip faults (cf. Christie-Blick
geodetic data, however, Doser (1988) and Savagarthquake. Last, we discuss the implications @nd Biddle, 1985). Two left-stepping, oblique-
et al. (1995) concluded that the 1932 event ajhe Cedar Mountain event as it bears on estimatlip grabens formed parallel to the principal
peared more closely related to the historical béag seismic hazard in the Walker Lane region. strike-slip fault traces. Rifts 23C and 24A oc-

havior of the central Nevada seismic belt that curred about 1 km west of rift 24 and had up to
transects the Walker Lane. SURFACE FAULTING 1.7 m of right slip.
Purpose and Scope Approach Stewart Valley

The Cedar Mountain earthquake was one of Surface faulting accompanying the 1932 earth- Small-displacement (1-50 cm) ruptures gener-
the largest historical events to occur within thguuake was complexly distributed among threally less than 500 m long occurred in Stewart Val-
Walker Lane region, and it exhibited severaValleys lying east of the northwest-striking transley and along the northern and northwestern
complex structural and tectonic relationships thaturrent faults of the Gabbs Valley Range and Pildtanks of Cedar Mountain (Fig. 2). Stewart Valley
make it an important event for understanding thilountains (Fig. 2). Through the use of new lowis a structurally complex basin underlain by Ter-
contemporary tectonics of the western Basin arglin-angle aerial photography at 1:12 000 scalgary sedimentary rocks mostly concealed by a
Range province. Unlike most other historical sureovering the entire rupture zone, we reviewed arttlin cover of Quaternary alluvium. Folding
face-rupturing earthquakes in the Basin anthodified the mapping of Gianella and Callaghamithin the Tertiary rocks is common and may
Range province, the 1932 surface faulting did n@i.934a) and Molinari (1984). We evaluated théave accommodated some of the 1932 deforma-
occur along a major range-bounding fault but ineriginal field notes of V. P. Gianella (archived ation (Molinari, 1984).
stead along a series of widely distributed, lowthe University of Nevada, Reno) to add further de- Rifts 13—-16 were mapped by Gianella and
relief, midvalley faults. Regional mapping hagail to the rupture-zone characteristics. Fault-dis=allaghan (1934a) as small ground cracks and
not identified any single, throughgoing basemenmilacement measurements were made where 198%ures locally exhibiting components of right
structure that could account for the observed rupffsets were judged to be visible, although obseoffset (Fig. 2). Rift 13A is a previously un-
ture and displacement patterns (Whitebread amdtions more than 60 yr after the event involvenapped, 0.9-km-long fault trace exhibiting a
John, 1982) although several concealed basemeuoinsiderable uncertainty. Here, we combine ol80-45-cm-high scarp extending through Stewart
faults have been postulated (Fig. 1B; Ekren et ameasurements with the earlier observations to r&prings. We also investigated the 90-cm-high cir-
1976; Molinari, 1984; Hardyman et al., 1992) construct a fairly complete synthesis of surfaceular scarp (rift 15) reported by Gianella and

The Cedar Mountain earthquake provides faulting; we maintain the “rift” identification sys- Callaghan (1934a) surrounding “earthquake
modern analogue for evaluating seismic hazatém of Gianella and Callaghan (1934a). Faultill.” On the basis of the pattern of the scarp
in the Walker Lane region. The proposed highrupture data were compiled on annotated mapsariound the hill and the lack of a visible fault in
level nuclear waste repository at Yucca Mountaiti:48 000 scale (available from the Nevada Buredhe underlying Tertiary rocks, we interpret this

lies within the tectonic framework of the south-of Mines and Geology). scarp as a nontectonic, shaking-induced feature.
ern part of the region (Fig. 1A; cf. Carr, 1984),
and the 1932 earthquake is considered an impdvtonte Cristo Valley Gabbs Valley

tant event bearing on the seismotectonic setting
of the site (U.S. Department of Energy, 1988). The largest surface ruptures occurred along a Surface faulting in Gabbs Valley was distinctly
Recent studies suggest that fault kinematics 6-km-long zone in Monte Cristo Valley (Fig. 3),different in style and orientation compared to that
the Yucca Mountain region can be modeled biiere called the Monte Cristo Valley fault zonein Monte Cristo and Stewart Valleys. Extensional
using regional strike-slip shear relationship§he principal ruptures were linear and uniformlyfaulting occurred on multiple, widely separated
found within the Walker Lane (Janssen, 1995orth-trending and exhibited evidence of right offQuaternary faults between the Paradise Range
O’Leary, 1996; Fridrich, 1998). set: displaced gravel bars, left-stepping en echelamd Mount Annie (Fig. 2). The total cross-strike
Here, we examine the surface faulting and pacarps, swells, depressions, and moletracks. Thédth of faulting in Gabbs Valley was on the or-
leoseismic history of this poorly understood faultnost pronounced faulting occurred along a set dier of 17 km, with interstrike distances between
zone and attempt to resolve some of the complelate Pleistocene and Holocene traces that displadividual breaks ranging from 2 to 13 km.
ities associated with the distributive nature of tha variety of prominent tectono-geomorphic fea- Rift 0 occurred along the southeastern flank of
1932 faulting and the apparent lack of a throughures, including compound scarps, grabens, prelstount Annie and was not detected by Gianella
going basement structure. We synthesize previogare ridges, and drainage deflections. and Callaghan (1934a); it was the longest surface
mapping of the rupture zone and provide addi- Several large rifts compose the zone. One @ireak (8 km) in Gabbs Valley with vertical dis-
tional new fault-rupture data. Detailed surficiathe longest single ruptures (5.2 km) was rift 24, placements of 20—40 cm and right offsets of up to
mapping provides new chronostratigraphic datll10°W-striking fault trace that exhibited right-80 cm. Rift O is located near faulting associated
that, combined with results of exploratory trenchtateral displacements of 1-2 m and vertical offwith the 1954 Fairview Peak earthquake, but rift 0
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Figure 2. Map showing surface ruptures
(red) associated with the 1932 Cedar Moun-
tain earthquake. Rupture numbers corre-
spond to the principal “rifts” of Gianella and
Callaghan (1934a), except where numbers
were added for newly mapped ruptures (e.g.,
rift 0). Blue arrows indicate the fault-slip az-
imuth (horizontal component of net-slip vec-
tor) measured across principal ruptures; blue
numbers indicate the displacement (in me-
ters) and style of dominant fault displacement
(r—right-lateral, n—normal).

scarps are visible on aerial photographs flow
prior to the 1954 earthquake and thus cannot
attributed to that event (Caskey et al., 1996). Tl
location of rift O indicates that the 1954 Fairviev
Peak faulting overlapped the 1932 rupture zol
by about 14 km.

Several sets of ruptures occurred along tl
western flanks of fault-controlled bedrock hills a
the southern end of the Paradise Range (Fig.
Rifts 2, 3, and 4 consisted of 3-5-km-long, 1-1¢
cm-high, right-stepping, en echelon faults an |.
graben bounding low, north-northeast-trendir
bedrock hills in the southern part of Gabbs Va
ley. The previously unmapped rift 3A was
2.2-3.3 km long and had a maximum vertice
displacement of 30 cm.

Summary of Surface Faulting

Surface faulting was distributed along a seri¢
of left-stepping, north-striking faults and grounc
cracks forming a rupture zone with an end-to-er
length of 75 km and a maximum width of 17 kr
Surface displacements showed two distinct po
ulations (Fig. 2): (1) dominantly right-lateral off-
sets in Monte Cristo Valley having north-trendin
slip azimuths and (2) dominantly normal offset
in Gabbs Valley having northwest-trending slij
azimuths. Faulting in Stewart Valley was a mix ¢
the two sets. The most extensive and largest s
face ruptures were in Monte Cristo Valley wher
the style of faulting was consistent with the righr
lateral focal mechanism. Conversely, the sma
north-northeast-striking, dominantly normal-slif
ruptures in Gabbs Valley corresponded poorly - |:
the main-event mechanism, even though th
were spatially closer to the epicenter.

With the largest primafydisplacements, the
Monte Cristo Valley fault zone provides the bet
sites for measuring coseismic displacement

IPrimary surface rupture is defined here as faul
displacement interpreted to have a direct connection {
subsurface seismogenic slip based on rupture dimef-
sions, displacement, and continuity. Secondary surfag
rupture has an inferred branching or indirect connectiol
to seismogenic slip.

N
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Pressure ridge —»\&
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}}l __ —e e 1932 fault rupture, ball on
// ' downthrown side
af;
% / —a—— — . lLate Quaternary fault,
ball on downthrown side

/ T'°M2A Tephra sample
T84 - Trench location

MRT and TL sample locations from trenches
3 and 6 are shown on Figure 8.

Figure 3. Allostratigraphic map of west-central Monte Cristo Valley showing 1932 fault ruptures (bold), exploratory trench locétns, and
tephra sample sites. pT—pre-Tertiary rocks; Ts—Tertiary rocks; Qf —early and middle Quaternary fan deposits; Qf—late Pleistocene fan de-
posits; Qf,—late Pleistocene—Holocene fan deposits.

Typical right-lateral displacements measurethat contractional faulting and/or folding ac-Allostratigraphic units are similar to alluvial-

across individual principal faults ranged betweenounted for some deformation. geomorphic units (Bull, 1991), and they are de-
0.5 and 1.5 m; maximum displacements of 2 m fined on the basis of the soils and geomorphic
were locally measured on rifts 23C and 24 (Fig. 45 TRATIGRAPHIC, TRENCHING, AND surfaces that form the unit boundaries (North
Displacements are summed where faults overlapGE DATA American Commission on Stratigraphic No-

and a maximum cumulative displacement is esti- menclature, 1983). In constructing detailed al-
mated to be 2.7 m on the basis of measuremegsatigraphic Units lostratigraphic maps for Monte Cristo Valley

across rifts 23C and 24. At the stepover pressure (Fig. 3) and the adjacent Bettles Well Canyon

ridge between rifts 23C and 24, the cumulative Approach. Allostratigraphic mapping of (Fig. 5; Bell, 1995), we have retained the

right-lateral displacement was small (<1 m)QQuaternary surficial deposits provides a chronazomenclature of Molinari (1984).

whereas the vertical displacement was anonstratigraphic framework for interpreting the pa- Quaternary deposits in the Cedar Mountain re-
alously large (50 cm), a result which suggestieoseismic history of the 1932 rupture zonegion are divided into three principal stratigraphic
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units (Fig. 6): Qf, early to middle Pleistocene fan-
piedmont remnants; Qfate Pleistocene fan-pied-
mont remnants; and Qfate Pleistocene to Holo-
cene fan-piedmont and wash-terrace remnant
Unit Qf ;. Qf; deposits comprise a series of
high-level, well-dissected, digitate fan-piedmont
remnants (ballenas) lying unconformably on Ter
tiary sedimentary rocks and older Quaternar
fanglomerates. Flat-topped interfluvial remnants
where preserved, contain well-developed, tightly
packed desert pavement and dark rock varnish.
Monte Cristo Valley, Qf deposits occur as scat-
tered, deeply eroded ballenas along the easte
flank of the Pilot Mountains and on the east sidi
of the Monte Cristo Valley fault zone (Figs. 3, 7).
Qf, soils are durargids containing remnant Bi
horizons and well-developed Bgkm horizéns.
The argillic horizons are commonly truncated,

BELL ET AL.
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but where preserved they are 15-25 cm thicl

reddened (7.5 YR), and strongly prismatic. The

Bgkm horizons are strongly indurated (stage IV-  Figure 4. Plot of individual trace and cumulative (bold) 1932 displacements measured across

carbonate) and commonly more than 1 m thickMonte Cristo Valley faults traces 23B, 23C, 24, and 24A. Uncertainty bars indicate range of values
Unit Qf ,. Late Pleistocene fan-piedmont rem-measured across individual traces. Maximum displacement line (2 m) represents a mode for indi-

nants (Qf) displaying well-developed desertvidual trace displacements. Small displacements measured in the vicinity of the pressure ridge sug-

pavement and dark rock varnish form a series (gest that strain was likely released predominantly through contractional faulting or folding.

broad, flat, interfluvial surfaces inset below the

older Qf surfaces. In Monte Cristo Valley, Qf

deposits extend eastward from the Pilot Moun

tains to the Monte Cristo Valley fault zone where R SRR N
they form low-relief, footwall topography in the RN \’\_1\1‘870,0’\0(\)’1/’ SN \’ = A \' =
center of the valley (Figs. 3, 7). oéf
On the basis of inset topographic relationship: § - P‘é\ [ 6 R )
and soils data, Qfieposits are divided into two - A
subunits. Qf, deposits contain haplargid and dur- , j/ ‘ ft, \
argid soils exhibiting moderately developed Xres17. [N
argillic and secondary carbonate horizons. Th o LS
Bt horizons typically have 20-30-cm-thick, red- N
dened (10YR), medium to strong prismatic, DAY
loamy clay soil properties. They overlie 60—100- Sl pTl
cm-thick Bkm or Bgkm (stage I11-1V) horizons [N AN
typically containing 10-mm-thick carbonate clast (N s
coatings and pendants and 5-mm-thick carbor \’f}‘i T
ate-silica laminae. Qf deposits are commonly P
inset 1-2 m below?tée older Qffan surfaces,
and they may be _dlstmgwshed py their sl_lghtl_y ; /j@ \
less developed soils. They contain haplargid soil o , 73
with 15-25-cm-thick loamy clay Bt horizons that N ‘ %
are reddened (10YR) and weakly prismatic. The . P ! . pT
30-50-cm-thick Bk (stage II-Ill) horizons are N k A T-BS16
less developed than Qhorizons, characteristi- - N - | Tephra sample
cally exhibiting carbonate coatings and pendant S ) :\/;‘/  RC-BW10
5-10 mm thick. Sl QO e sample.
Unit Qf ,. Late Pleistocene and Holocene al- N Slresz oL b’ﬂ o] ———
luvial-fan and wash-terrace deposits J@brm I N N NN Lit:uﬁ“s;ﬁrgﬁry
expansive parts of the mountain drainages an | ¢ 2 km | PR Q S ] downthrown side
alluvial piedmonts. These deposits lack the well |-38°22'30" NN T N N T N T s T T o

2S0il horizon terminology is from Soil Survey Figure 5. Map of allostratigraphic units in Bettles Well Canyon and location of tephra and ra-
Staff (1975); carbonate stage terminology from Gilediocarbon sample sites. pT—pre-Tertiary rocks; Qf—early and middle Quaternary fan depos-
etal. (1966). its; Qf —late Pleistocene fan deposits; Qi-late Pleistocene—Holocene fan deposits.
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Qf,, is a thin (<15 cm) silt layer that lies on
eroded Qf, silt and gravel. A hiatus prior to the
deposition of Qf, is reflected by vesicular A and
Bw soil horizons and a prominent stone line

Representative along the eroded Qfcontact. Qf is a 1-2-m-
Allostratigraphic 14C Ages Soil (horizon thick silt and gravelly silt that is divided into two
Unit Tephra (see Table 1) depth in cm)

layers on the basis of sedimentologic properties.
rorr I The lower one, Qf, is massive silt, and the up-

oty 2 : g(f‘ Bk (Stage I) per one, Qf, , is weakly stratified silt containing
Qfse ]0.9 -1.9ka 0.4-23kKa platy pedogenic partings, Bw, and stage | Bk
° AN 0-10 Av horizons. Qf is massive, sandy silt containing a
8 ofy o 2.6-48ka 10-20Bw weak (A—C) soil.
>3 T2 ka 20- 45 Bk (Stage ) The throw measured between the top of the
2 :
gl - MY 0-10 Av Qf,, footwall remnant and the eroded top of Qf
ﬁ g L Qfa, 10 - 33 Bw deposits in the hanging wall (lines A-@nd B-B
E{ - 9.2-17.8ka 33-60Bk (Stage Il in Fig. 8) is about 2 m. In trench 3B, a projOection
o @ of the uneroded @fhanging-wall remnant to the
g RN 0-10 Av fault scarp yields a vertical throw of about 1 m
el Qfz oW 6 ka na EL((lS?IeLFé)II-III) (line C-C in Fig. 8). On the basis of the bounds
s provided by these three measurements, we esti-
g RN 0-10 Av mate the cumulative throw in Qfto range be-
o, b 10 - 30 Bt (10 YR) 1and 2
2a Qtn ‘ 30 - 106 Bgkm (Stage IlI-IV) tween 1and 2 m.
60 - 90 ka Trench 6. Trench 6 exposes a thick, well-dif-
o2| ferentiated sequence of faulted,Qind Qf, de-
i% of, RHHRNN O 1o (7.5YR) posits similar to that found in trenches 3A and 3B
‘_u«j§ — Ot 38 - 100+Bgkm (Stage IV+) (Fig. 8). In the eastern footwall, eposits are
¢ 0.76-1.2 Ma absent, and Qf gravels lie unconformably on

highly sheared Tertiary sedimentary rocks.
Figure 6. Generalized Quaternary stratigraphic column showing allostratigraphy, tephra, Five Qf; silt layers overlie downfaulted Qf
14C ages, and soil relationships in the Cedar Mountain region. Arrows indicate position of agegravels in the hanging wall. The lowermost sub-
data within the unit. unit Qf,, is massive silt and gravelly silt lying dis-
conformably on a 10-15-cm-thick A horizon de-
veloped in Qf, gravels. On the basis of the
developed, tightly packed desert pavement ardénce of structural and stratigraphic relationshigzresence of a weak paleosol in the middle of the
dark rock varnish that characterize the older Qbearing on the paleoseismic history of the faukubunit, Qf,is further divided into lower and up-
and Qf, units. zone. Trench 3 is located across the central paer layers (Qf, and Qf, ). The top of Qf, ,con-
The unit can be divided into early (Qf mid-  of rift 24; trench 6 is located about 1 km north ofains a prominent 10-cm-thick A horizon that
dle (Qf,), and late (Qf) subunits on the basis of trench 3 near the left-stepover between rifts 23&rms a sharp contact with a basal stone line in
microtopographic, soil, and rock-varnish characand 24 (Figs. 3, 7). the overlying Qf silt subunit. Qf deposits are
teristics. Qf, has broad, flat interfluvial remnants  Trench 3. Trench 3, consisting of two parallel divided, as in trenches 3A and 3B, into two lay-
exhibiting moderately developed, loosely packettenches 3A and 3B (Fig. 8), is across a fault traags. The lower layer (Qf) is massive, gravelly
desert pavement and moderately dark rock vaexhibiting 1-2 m of right offset and 30 cm of ver-silt; the upper layer (Qf ) is weakly bedded silt
nish. Soils are camborthids with 20-cm-thick cantical offset in 1932. Fault geometry is marked bylisplaying platy partings and containing a
bic (Bw) horizons and 30-cm-thick stage Il calcimear-vertical to 80°W-dipping flower structure;weakly developed (Bw/stage | Bk) soil. At the
(BK) horizons. Qf is characterized by rough to subhorizontal (plunge 10°N) slickensides andhult, gravels concentrated both within the basal
slightly muted bar-and-swale microtopographynullions from 1932 and older slip are preservegart of Qf,, and separating the two Qfayers
and weakly developed desert pavement and rook carbonate-cemented fault gouge. are interpreted as scarp-derived, colluvial-wedge
varnish. Soils are camborthids with 10-cm-thick Trenches 3A and 3B expose,{¥ind Qf de- deposits. The uppermost subunit in trench 6
Bw horizons and stage | Bk horizons. Secondayosits downfaulted against eastward-tilted Qf(Qf,) is a massive sandy silt containing a weak
carbonate is present as thin (1 mm) clast coatingad Qf, deposits and Tertiary rocks. Qfepos- A-C soil. At the west end of the trench, a thin
and disseminated matrix fillings. Qfs similar to  its in the eastern (footwall) sections contain inteftayer of post-1932 silt overlies Qf
Qf,,, butit contains a less-developed (A-C) soil. Italated volcanic ash (T-CM1); Qdleposits are  Trench 6 crosses the northern end of rift 24 that
forms extensive terraces in most principahot exposed in the western (hanging-wall) sediad an unusually large (50 cm) vertical offset. We
drainages and constitutes a large area of the altiens of either trench. Flat-lying Qffan gravel attribute this anomalously large displacement to

vial piedmont in Monte Cristo Valley. caps the tilted footwall deposits and contains the restraining-bend deformation occurring be-
50-cm-thick stage II-1I Bk soil. In the hangingtween rifts 23B and 24. Cumulative throw in,Qf
Exploratory Trenching wall, Qf,, deposits contain a 1-m-thick silt layer.deposits at trench 6 is 3—4 m (Line DiDFig. 8),

Four faulted Qf silt layers are differentiated but because the 1932 vertical offset at this site was
Exploratory trenches excavated across 1938 sedimentologic properties and soils in thatypical, we do not consider displacement data
ruptures in Monte Cristo Valley yielded key evi-hanging-wall sections of both trenches. Subunitom this site in our paleoseismic analysis.
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Numerical Age Data

Radiocarbon Dating. Twenty-four conven-
tional and AMS (accelerator mass spectrometeg
radiocarbon ages (Table 1) were obtained from d
posits exposed in the Monte Cristo Valley trenchess
(Figs. 3, 8) and from outcrops in Bettles Wel
Canyon (Fig. 5). Radiocarbon ages obtained fro
trenches 3A, 3B, and 6 are mean residence ti
(MRT) ages on buried, weakly organic A horizong
MRT analyses measure the composite, or Bak,
content of soil organic materials (humus), and th
have been previously used in a variety of pedq
logic settings to approximately estimate the age
relict and buried soils (Geyh et al., 1971; Orlov{
and Panychev, 1993; Chichagova and Cherkins
1993). Forman et al. (1989) and Machette et g
(1990) developed the application of MRT soil datj#
ing for use in paleoseismic studies.

Tephrochronology. Silicic volcanic tephra
layers present in several of the allostratigraphf#
units provide the principal basis for regional strat
graphic age control (Fig. 6). The layers contai
ash-size pyroclastic ejecta derived from the Mo
Basin—Long Valley volcanic center of eastern Cag
ifornia, about 100 km southwest of the Ceda.
Mountain area. Major element compositions g
the volcanic glass in 17 samples were determing
by electron microprobe following sample and a
alytical procedures described in Sarna-Wojcic
et al. (1984). Tephra samples from the Cedj3
Mountain area were correlated by glass chemist
with dated tephra layers found in the Mong
Basin—Long Valley area and with tephra layer
identified in sedimentary cores taken from Walke
Lake about 75 km northwest of the Cedar Mou
tain area (Sarna-Woijcicki et al., 1988). Chemica
compositions of sampled tephra layers and co - -
parative compositions of correlative dated tephr  Figure 7. Low—sun-angle aerial photograph of rift 24 showing 1932 fault trace, trench lo-
layers in the region are availaBle. cations, surficial deposits, and areas of silt ponded against 1932 fault scarps. (Photograph

The oldest Quaternary tephra layer is BishoCMT-HF-1-125, flown January 18, 1968; from the collection of D. B. Slemmons.)
or Glass Mountain ash (0.76 to 1.2 Ma
Sarna-Wojcicki and Pringle, 1992). Tephre
sample T-CM1 occurs in Qtleposits at trench distinguish three sets of Mono Craters and Monmoth Mountain. Interstratified tephra beds from
3; this tephra layer is most chemically similaiCraters—like ash layers: an older upper Pleighe two sources are also found in the Walker Lake
to Glass Mountain “D” and “G” ash beds (0.9tocene set (60—90 ka), a younger upper Pleisores where they are dated between 60-90 ka
and 1.2 Ma, respectively), but owing to a chemtocene set (12-36 ka), and a Holocene séBarna-Wojcicki et al., 1988).
ical similarity with Bishop ash (0.76 Ma), it (0.5-7.2 ka). The glass compositions of these The younger upper Pleistocene tephra beds
cannot be positively identified without addi-three sets are all quite similar, and best-fit corrdQtw) occur as thin (2—3 cm) layers in subunit
tional data. lations are made on the basis of similarity coeffiQf,,, and they are correlated with a series of Mono

All other Quaternary tephra layers identified ircients for other known tephra layers in theCraters beds exposed in Wilson Creek at Mono
the study area were derived from multiple eruptephrochronology database at the U.S. Geoloddasin (Benson et al., 1990). The closest matches
tions of the Mono Craters and possibly of Mameal Survey in Menlo Park, California. for samples T-BS6 and T-BS17 (Fig. 5) are the
moth Mountain in Long Valley (California). We  The oldest upper Pleistocene set of Mon#Vilson Creek beds 16 through 19, radiocarbon

Craters tephra layers (Qtn) occurs ip (nd this  dated at 32-36 ka. There are, however, a number
o set is best correlated with a series of chemicallyf other possible matches with tephra layers that
°GSA Data Repository item 9949, supplementakjmijar beds likely derived from proto—Mono are older and deeper in the Walker Lake cores.
gzt?ré?;’rl;’ 'Sgg’?"abllfg_n rggiesgflrzcr)r’\ Dggt?gi?’ raters er_uptiqns. At Negit Causeway near Mono Holocene ash eruptions from Mono Qraters
CO 80301. E-mail; editing@geosociety.org. WebLake (California), these ash beds are intercalatedvered more than 8000 Rmof eastern Califor-
http://www.geosociety.org/pubs/ftpyrs.htm. with tephra layers probably derived from Mam-ia and western Nevada (Wood, 1977; Sieh and
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TABLE 1. RADIOCARBON DATING RESULTS

Sample Material dated 14Cyr Calibrated yr* Location
(lab #) (tlo)
RC-1 Wood 235 + 65 289720 Unfaulted subunit Qf, alluvium predating 1932 faulting
(GX-13952)
RC-BW4 Peat 435 + 110 503 *4Z, 30 cm above tephra T-BS25
(GX-17253)
RC-BW2 Peat 535 + 150 547+1%3 6 cm above tephra T-BS23
(GX-17251)
RC-BW5 Peat 790 + 105 706734 6 cm above tephra T-BS25
(GX-17254)
RC-BW1 Woody peat 995 + 110 9357185 6 cm above tephra T-BS23
(GX-17250)
RC-BW6 Peat 1025 + 65 950j§‘g 6 cm below tephra T-BS25
(GX-17255)
RC-BW7 Woody peat 1110 + 110 1008*§32 6 cm above tephra T-BS24
(GX-17256)
RC-CM13 Soil organic 1235 + 300 1175*2%8 Trench 6; base of subunit Qf;,
material (GX-20334)
RC-BW3 Woody peat 1260 + 145 1199118 Disturbed zone above tephra T-BS25
(GX-17252)
RC-BW10 Soil organic 1505 + 200 1388222 3 cm above tephra T-BS1
material (GX-18939)
RC-CM6 Soil organic 1505 + 320 1388+299 Trench 6; buried Av horizon in silt layer Qf,, |
material (GX20327)
RC-BW8 Peat/charcoal 1550 + 110 1433+127 8 cm below tephra T-BS24
(GX-17257)
RC-BW9 Charcoal 1605 + 120 1522+1% Immediately above tephra T-BS2
(GX-17566)
RC-BW11 Soil organic 2355 + 405 2361438 Buried Av horizon immediately below tephra T-BS2; T-BS7
material (GX-18940)
RC-CM7 Soil organic 2610 + 390 2757*_‘;3% Trench 6; buried Av horizon at top of colluvial wedge in silt layer Qfy, |
material (GX-20328)
RC-CM3 Soil organic 3878 + 99 4337454 Trench 3; buried Av horizon at top of platy silt layer Qf,
material (GX-16785)"
RC-CM5 Soil organic 4760 + 950 54911262 Trench 6; buried Av horizon at top of platy silt layer Qf,,
material (GX-18938)
RC-CM8 Soil organic 5013 + 60 57553%3 Trench 6; buried Av horizon at top of silt layer Qf, and beneath colluvial wedge in silt layer Qf,, |
material (GX-20329)"
RC-CM2 Soil organic 9226 + 93 10171*53 Trench 3; buried Av horizon at top of silt layer Qf,,, and beneath prominent stone line
material (GX-16784)"
RC-CM12 Soil organic 12132 +110 14157158 Trench 6; buried Av horizon at top of subunit Qf,, gravel and beneath silt layer Qf,,
material (GX-20333)"
RC-CM1 Soil organic 12480 +110 14 621:}6732 Trench 3; buried Av horizon at top of silt layer Qf, , and beneath prominent stone line
material (GX-16783)"
RC-CM4 Soil organic 13160+ 190 15683272 Trench 3; buried Av horizon at top of silt layer Qf,, , and beneath prominent stone line
material (GX-16786)"
RC-CM10 Soil organic 14919 +100  17832*114 Trench 6; buried Av horizon at top of silt layer Qf,,,
material (GX-20331)"
RC-CM9 Soil organic 15316 £140 18 237:}23 Trench 6; buried Av horizon at top of silt layer Qf, , and beneath prominent stone line
material (GX-20330)"
RC-CM11 Soil organic 17778 +110  21195*1% Trench 6; buried Av horizon at top of subunit Qf,, gravel and beneath silt layer Qf,
material (GX-20332)"

Note: Bulk soil preparation and analyses by Geochron Laboratories, Cambridge, Massachusetts.
*Calibrated from Stuiver and Reimer (1993).
TAccelerator (AMS) date.

Bursik, 1986). In the Cedar Mountain regionCanyon (Fig. 5). At the mouth of Bettles Wellbleaching in sunlight. In this study, TL analyses
these tephra beds are ubiquitous, thin (1-2 cr@anyon, several tephra beds (T-BS23-T-BS25)ere performed on four samples taken from
beds in Qf and Qf_deposits. Tephra layer Qtc which were not chemically analyzed but are petrenches 3 and 6 (Fig. 8, Table 2). Samples were
(sample T-BS9; Fig. 5) is a moderately hydratetbgraphically similar to the microprobe sam-collected from the A horizon in subunit Qin

ash best matched with a middle Holocene (7 @les, are interstratified with peat deposft€  trench 3A, from the small colluvial wedge inf

ka) tephra bed found at Crooked Meadow (Cabated between 435 + 110 yr B.P. (RC-BW4) anah trench 6, and from the A horizons capping Qf
ifornia) (K. R. Lajoie and A. M. Sarna-Wojcicki, 1550 + 110 yr B.P. (RC-BW8). At Walker Lake, in trenches 3A and 6. The samples were analyzed
unpublished data). The upper Holocene tephtaese tephra beds are contained within organiy using the partial- and total-bleach laboratory
layers (Qty) are variously correlated with chemsediments dated between 0.4 and 4 ka (Sarn@ecedures described in Forman (1989).

ically similar beds found in Walker Lake, MonoWojcicki et al., 1988).

Lake, and Barrett Lake (California) and with ex- Thermoluminescence DatingThermolumi- Evaluation of Dating Results

posures in the Mono-Panum Crater area. Thesescence (TL) dating can provide numerical ages

tephra layers range in age from 890 to 1950 Yor buried sedimentary deposits younger than ca. Results from the multiple dating techniques
B.P. Tephra T-BS2 is bracketed ¥ ages of 100 ka (Wintle and Huntley, 1982). The techniquevere evaluated by considering uncertainties as-
1605 + 120 yr B.P. (RC-BW9, Table 1) andestimates the time elapsed since the TL signatwseciated with each methodology and examining
2355 + 405 yr B.P. (RC-BW11) in Dunlapin the sedimentary mineral grains was reset kstratigraphic consistencies.
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1932 CEDAR MOUNTAIN EARTHQUAKE AREA, WEST-CENTRAL NEVADA

TABLE 2. THERMOLUMINESCENCE DATA AND AGE ESTIMATES FOR SAMPLES COLLECTED FROM MONTE CRISTO VALLEY TRENCHES

Field Lab sample Stratigraphic Equivalent dose Light Temperature Equivalent TL age
number number unit method* exposure’ (°C)8 dose (Gy) Est. (ka)*
TL-F93-NV1 OTL426 top Qfyy, TL—total bleach 16 h sun 300-400 63.4+3.6 126+1.1
TL—part bleach 1h 300-400 58.2+3.4 106+1.0
TL-F93-NV3 QoTL427 top Qf,, TL—total bleach 16 h'sun 250-400 570.8+10.1 128 £ 9*
TL-F93-NV4 OTL433 top Qfyy, TL—total bleach 16 h sun 250-400 78349 21.4+20
TL—part bleach 1h 280-310 925+9.7 25.3 £2.9*
TL-F93-NV6 OTL432 top Qfyy, TL-total bleach 16 h sun 270-400 100.9 +3.1 25.1+2.0

Note: Analyses by S. L. Forman, Ohio State University (present address: University of lllinois, Chicago campus).

*All TL measurements were made with a 5-58 filter (blue wavelengths) and HA-3 filters in front of the photomultiplier tube. Samples were preheated to 1240 °C for
2 days prior to analysis.

THours or minutes of light exposure to define residual level. “Sun” is natural sunlight in Columbus, Ohio.

STemperature range used to calculate equivalent dose.

#All errors are at 10 and calculated by averaging the errors across the temperature range.

**Problematic analysis; sample rejected.

Previous work suggests that MRT ages malgmatic laboratory analysis. The 25.1 + 2.0 ka agaluvial deposits of the western Basin and Range
display a range of uncertainty of 1000 yr or morérom TL-F93-NV6 in trench 6 layer Qf is un-  region (cf. Peterson et al., 1995).
owing to recycled, older carbon present in a soil aupported by any of the MRT ages. Conflicting Numerical age control is provided for unit,Qf
the time of burial and/or the postburial addition offL ages of 21.4 + 2.0 ka (TL-F93-NV4) and 12.6y tephra layers and radiocarbon ages of buried or-
young carbon through bioturbation and root activ+ 1.1 ka (TL-F93-NV1) were obtained from cor-ganic material. Subunit Qfis placed in the late
ity (Chichagova and Cherkinsky, 1993). We daelative Qf, layers in trenches 3A and 6, and thileistocene to early Holocene by multiple MRT
not know precisely how much uncertainty is assdiorizon was MRT dated at between 1.2 + 0.3 arabes obtained from trenches 3 and 6. Six MRT
ciated with each age in this study, but we com4.8 + 0.9 ka (Fig. 8). We do not know why thereages range from 9.2 + 0.9 to 15.3 + 0.1 ka (RC-
pared our MRT ages for both internal consistencgre such large discrepancies between the TL a@d1, RC-CM2, RC-CM4, RC-CM9, RC-CM10,
and for agreement with other independent agesther age data, but possible reasons may incluB-CM12, Table 1). The age of Qs estimated

Of the 13 MRT ages obtained from trenchesnsufficient resetting by sunlight and inheritanceo be 8-16 ka, with a maximum age provided by
10 are in consistent stratigraphic order (Fig. &f a prior TL signature. On the basis of these irthe 17 778 + 110 yr B.P. date (RC-CM11) on the
Table 1). Three ages are not stratigraphically conensistencies, we do not consider the TL ages &oil immediately underlying Qfjin trench 6. Sub-

sistent: Sample RC-CM12 (12 132 + 110 yr B.P.jhe paleoseismic analysis. unit Qf,, contains the 7.2 ka tephra Qtc. An MRT
is anomalously young by 3000-5000 yr com- age of 3.9 + 1.0 ka was obtained from the upper
pared to overlying samples RC-CM9, RCdntegration of Stratigraphic and Numerical part of Qf, in trench 3A. We estimate an age
CM10, and RC-CM11. Consequently, we havé\ge Data range of 4-8 ka for Qf. A late Holocene age of
not considered the age of this sample in our pale- 0.9to 1.9 ka is indicated for Qby multiple Qty

oseismic interpretations. The ages of RC-CM9 Unit Qf, is middle Quaternary in age on thetephra beds. Organic material from, Qfeposits

(15316 + 140 yr B.P.) and RC-CM10 (14 91%asis of the presence of Bishop—Glass Mountain Bettles Well Canyon yielded 11 conventional

+100 yr B.P.) are inverted as are the ages of RG5” ash (Qtb, 0.76—1.2 Ma). The unit contains“C ages between 435 + 110 (RC-BW4, Table 1)

CM7 (2610 + 390 yr B.P.) and RC-CM5 (4760 tseveral undifferentiated subunits defined by inseind 2355 + 405 yr B.P. (RC-BW11). MRT ages of

950 yr B.P.), but the inversions are within theopographic relationships, and it is likely that thisl.2 + 0.3 and 1.5 + 0.3 ka were obtained from the

range of uncertainties (+1000 yr) associated witsh provides only an approximate age for thgoil underlying Qf_in trench 6 (RC-CM13, RC-

MRT dating. composite unit. CM®6). On the basis of these data, we estimate the
The closely similar glass chemistries used to The two subunits of Qfare dated by tephra age of Qf to be <2.5 ka.

correlate some tephra beds are the principklyers as late Pleistocene in age. Subunjf, Qf

sources of uncertainty associated with the asentains proto—Mono Craters and MammotiDISCUSSION

signed tephra ages. Most of the tephra beds ocddountain tephra beds (Qtn) having an age range

within units dated by other stratigraphic and nuef 60—90 ka, placing the deposit in the early WisPaleoseismic History

merical dating means, providing confirmation ofconsinan pluvial period. Subunit Qforms an

tephra correlations. important alluvial-geomorphic datum for inter- Monte Cristo Valley. The most relevant
The four TL total-bleach ages (Table 2) are inpreting the paleoseismic history of the Cedgpaleoseismic data come from Monte Cristo Val-

consistent with trench stratigraphy, and they afglountain region, and a maximum age for théey where primary surface rupturing occurred

older by factors of two to five than the MRT agesinit is established by the 32—-36 ka Qtw tephralong late Quaternary faults (Fig. 3). Faulting in

obtained from the same units. The TL age olbayer. The age of the tephra bed places the unit8tewart Valley cannot be associated with any vis-

tained from subunit Qfin trench 3B (128 £ 9 ka, the late Wisconsinan pluvial period and indicateible paleoseismic features. On the basis of the

TL-F93-NV3) was rejected on the basis of a prolthat it is likely correlative with other late glacial- north-striking strike-slip focal mechanism for the
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main event, we conclude that the small, northQf,,, and Qf ) are indicative of subaerial weather-events with longer recurrence intervals even
northeast—striking normal faulting in Gabbs Valing intervals individually less than a few thousanthough the long-term slip rate would remain
ley was either secondary or sympathetic, despijears in length (cf. Gile, 1975). Cumulatively,unchanged.

being located closer to the main epicenter. these five soils suggest that the age of the entire seLong-term slip rates are best estimated at

Units Qf, and Qf provide broad constraints on quence is less than ca. 15 ka. trench 3 where 1932 and older displacements are
locations and rates of late Quaternary fault activ- judged to be more typical than at trench 6. Trench
ity in Monte Cristo Valley where they form the Late Quaternary Slip History 3 measurements show 1 to 2 m of right-lateral dis-
bulk of the alluvial piedmont sloping eastwardn Monte Cristo Valley placement and 30 cm of vertical displacement for
from the Pilot Mountains to the valley floor (Fig. the 1932 earthquake. This ratio of horizontal-to-

3). The Monte Cristo Valley fault zone has dis- If the ponded silt layers found in trenches 3 andertical slip agrees with the 6:1 ratio indicated by
placed this eastward-sloping piedmont down t6 are each related to a faulting event, as we belietree 10°N-plunging slickensides found on carbon-
the west, creating upraised, back-facing topogréhe evidence suggests, six events including thae-cemented fault gouge. On the basis of 1-2 m
phy. West-facing 1932 scarps blocked principadne in 1932 occurred since deposition of subunitrtical offset of Qf, deposits, the total amount of
drainages, resulting in localized ponding ofQf,,. Figure 9A illustrates the relationship be+ight slip (approximately equal to net slip) during
stream sediment. Best displayed north of trencht@&een faulting events and dated soils. If silt depdhe late Quaternary is estimated to be 6-12 m.
(Fig. 7), as much as 50 cm of post-1932 silt wasition is assumed to occur in response to faulting, The late Quaternary slip rate is determined
deposited along the scarp. the radiometric age of a buried A horizon shoulérom offset Qf, deposits. The maximum age of
Although Qf, and Qf, deposits straddle both approximate the age of the overlying faulting32-36 ka for Qf, deposits and the estimated cu-
sides of the Monte Cristo Valley fault zone, littleevent (Forman et al., 1989; Machette et al., 1990nulative net slip of 6-12 m yield an average min-
long-term geomorphic evidence of lateral offset, On the basis of the range and inversion amum slip rate of 0.2—-0.4 mm/yr. If the age of
such as offset stream channels, is visible in theseme MRT ages, we interpret approximate, besfaulted Qf,) deposits is closer to the 17.8 ka age
units. We believe that the lack of such evidence f&, fault-event ages with inferred £2000 yr errorof the buried soil in trench 6, however, the slip
due to a combination of long recurrence intervalfiars to account for dating uncertainties. Of theate could be as much as 0.7 mm/yr. Because the
extensive piedmont alluviation during the Holofive pre-1932 events, the two earliest faultingage of the faulted fan surface is necessarily
cene, rapid regrading of offset channel gradientsyents (U and V) are represented by layerg Qfyounger than the buried tephra and because the
and ponding of sediment against the scarps. and Qf_ in trench 6; at trench 3, subuniti  MRT age of the soil is a minimum, the actual slip
Interpretation of Trenches 3 and 6.The thin, and these subunits cannot be differentiatedte probably lies between 0.2 and 0.7 mm/yr; we
stacks of silt layers the age of @fat are exposed (Fig. 8). An age of 18 ka for event U is providecprefer a rate of 0.4-0.5 mmiyr.
in the hanging walls of trenches 3 and 6 are intein trench 6 where layer Qjf lies on the buried
preted to be tectonically ponded fluvial sedimentsoil dated at 17 778 + 110 yr B.P. (RC-CM11Evidence for Characteristic Events
analogous to those impounded by 1932 faultingable 1). The age of eventV is estimated at 15 ka
The similar thickness and sedimentologic charaérom the 14919 + 100 yr B.P. (RC-CM10) date Repeated, similar-size displacements on the
ter of each silt layer, particularly in trench 6, sugen the soil that is weakly developed in layesame fault are suggestive of “characteristic” earth-
gest that the scarps were effective sedimenta@yf, . The age of event W is estimated to be 1quake behavior (cf. Schwartz and Coppersmith,
traps that could not be bypassed by the drainag&s, which is the mean of the four MRT ages fron1984). Although we cannot determine whether
The degradation of fault scarps formed irthe soil at the top of layer Qf (RC-CM1, the entire 1932 Cedar Mountain rupture pattern
gravelly alluvium is commonly reflected by RC-CM2, RC-CM4, RC-CM9). The timing of has been characteristically repeated, the apparent
poorly sorted, wedge-shaped colluvial depositevent X is estimated at 5 ka on the basis of threpetition of similar-size events in Monte Cristo
on the hanging wall. The ponded silts are not cob013 + 600 yr B.P. (RC-CM8) date from the soiValley is suggestive of characteristic slip. Each of
luvial-wedge deposits because they were not pror Qf,, . Event Y is dated by four MRT agesthe ponded silt layers in trench 6 is similar in
duced by scarp erosion, but they are similar iftom layer Qfy,, which range from 1.5 to 4.8 ka thickness to the vertical displacement that oc-
that deposition occurred in response to fault digRC-CM3, RC- CM5, RC-CM6, RC- -CM7). We curred at the site in 1932. At trench 3, six events
placement. Although the trenches lack distinctivbelieve that the relatively comparable ages afach having 30 cm of vertical offset would ac-
colluvial wedges, the gravel concentrations 183878 + 990 and 4760 + 500 yr B.P. fromcount for the observed 1-2 m of cumulative throw
trench 6 Qf deposits and the thickening of somerenches 3A and 6 suggest that the soil is closerteasured across faulted,gdeposits. Similarly
deposits near the fault suggest that there has beka older end of this range, and we infer a besat trench 6, six events each having 50-75 cm of
some contribution of colluvium from the scarpfit age of 4 ka for event Y. vertical offset would account for the estimated
The lack of distinctive colluvial wedges is sup-  On the basis of a maximum age of 32-36 ka f@—4 m of throw across Qfdeposits. Alterna-
portive of small vertical offsets, such as in 193Zaulted Qf, deposits, the occurrence of six eventsively, if fewer but larger vertical displacements
because small scarps can produce only minsince the deposition of Qfindicates an average occurred, they would indicate greater components
colluvial debris. Alternatively, we cannot com-recurrence interval of between 5 and 6 ka. Howef normal slip and/or larger magnitude (17.2)
pletely preclude the possibility that the silt deever, average recurrence can be more precisayents on the basis of magnitude vs. displacement
posits are in part related to pulses of fan deposietermined from the interseismic intervals sepaelationships (Wells and Coppersmith, 1994).
tion rather than to faulting. rating dated events. The age of the soil buried by
The silts were deposited since 17.8 + 0.1 ka dayer Qf,_in trench 6 suggests that the six eventgvidence for Temporal Clustering
the basis of the age of RC-CM11 beneath, Qf occurred since ca. 17.8 ka (sample RC-CM11).
(Fig. 8). In addition, the paleosols developed iThe average of the five interseismic intervals oc- Temporal clustering—the grouping of several
the silts support a late Pleistocene—Holocene agarring between event U and 1932 is 3600 yr. Akeismic events closely in time—may characterize
for the sequence. The weak cambic soils found ternatively, if the silts are related to nontectonithe late Quaternary slip history of some faults in
the each of the five silt subunits (QfOf,,, Qf,,  pulses of fan deposition, there could be fewehe Basin and Range province (Wallace, 1987).
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Figure 9. (A) Earthquake event sequence interpreted from trenching results. Six surface-faulting events are placed at the dimmnities be-
tween each of the ponded silt units and the underlying mean resistence time (MRT) dated paleosols. MRT ages (Table 1) araqesit strati-
graphically in the sequence, and arrows indicate correlation with event stratigraphy. Event V is recognized only in trench 6 acahnot be differ-
entiated in trench 3. The anomalously young 12.1 + 0.1 ka age from below event U is not considered in the dating of eventSir{®)dependent
plot of earthquake event vs. age for each of the six surface-faulting events and comparison with average late Quaternary remae interval of
3600 yr. Solid circles indicate the best-fit, interpreted age for each event; +2000 yr bars account for the estimated uncertegassociated with
ranges in MRT soil ages.

Pearthree (1990) used evidence based on faaftabout 2500 yr, a value somewhat shorter thggosed a two-event model and located a second

scarp morphology to conclude that pulses of faulhe longer-term average. subevent near the Petrified Spring fault (CM2,
activity had occurred in central Nevada during Figs. 1B, 10A, 10B).
several episodes in the middle to late HolocenEAULT MODELS
In Monte Cristo Valley, however, the resolu- Alternative Models
tion of event timing is insufficient to convinc- Previous Models
ingly discriminate temporal clusters. A time- Seismic moment () is an empirical value

dependent plot of the five pre-1932 events Several strike-slip fault models have been agghat measures the energy released by an earth-
(Fig. 9B) shows that most events lie on or close falied to the distribution and style of faulting thatjuake, and it can be estimated from both geo-
the 3600 yr recurrence line, a relationship sugsccurred in 1932. Gianella and Callaghan (1934lggic and seismologic data. Geologic moment is
gestive of periodic behavior. The principal eviattributed the 1932 rupture pattern to a singlesstimated from the relationship

dence for aperiodic or clustered activity is relatedvent wrench-fault model. Without identifying a

to the age of Qf and to the timing of event X. If causative fault, they proposed that a regional- M, =HAD,

the actual age of faulted Qfleposits is substan- scale, right-lateral southeastward shift of the Par-

tially greater than about 24 ka (the age of event aidise Range—Cedar Mountain block relative to theherept is the shear modulu4,is the area of the
plus one additional interseismic interval), the sixzabbs Valley—Pilot Mountain block (Fig. 1B)fault rupture plane, anB is the average dis-
events would seem to be clustered within the pgstoduced the north-trending, en echelon set glacement (Brune, 1968).

18 ka. Event X appears to be an outlier on thE932 ruptures. Molinari (1984) later suggested Instrumental seismic moment (Mis mea-
3600 yr recurrence line. If the 5.0 + 0.6 ka (RCthat the 1932 faults were Riedel shears (Riededured directly from seismograms, and it is com-
CMB8) age on the Qf; soil is an accurate upper 1929) developed over a concealed, northwestonly used to calculate the moment magnitude
limit for event X, then the last three faultingstriking master fault, the Stewart-Monte CristqM, ) of the earthquake. In theory, the indepen-
events are separated by two interseismic intervalalley fault (Fig. 10, A and B). Doser (1988) pro-dently determined geologic and instrumental
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moments should be comparable. However, theroduce surface rupture in Stewart and Montiirther support the conclusion of dePolo et al.
geologic moment of 5.4 10?8 dyne- cm calcu- Cristo Valleys on the basis of Riedel shear relg1991) that commonly used fault-segmentation
lated from the 1932 rupture-zone length and avionships: the north-striking, right-lateral 1932models (cf. Schwartz and Coppersmith, 1984)
erage displacement (Table 3, single-everdurface ruptures would correspond to synthetimay not be completely adequate for evaluating
model) is two to three times larger than the inRiedel (first-order) shears. On a regional scalé¢he potential for large surface-faulting events in
strumental moment of 1.97 1076 dyne- cm the left-lateral faulting associated with the 1934he Basin and Range province. Owing to the diffi-
(two-event model). Excelsior Mountain earthquake would be consiszulty in discriminating distributive fault events in
Doser (1988) first noted this disparity betweetent with the orientation of conjugate Riedel (sed¢he paleoseismic record, it may not be possible to
the geologic and instrumental seismic momentend-order) shears. confidently identify these rupture patterns in seis-
and suggested that the mismatch may be due toAlternatively, the two north-striking subeventsmic hazard studies.
additional subevents masked by the seismic codaf.the four-event model would fit the pattern of ob- Slip rate is commonly used to determine seis-
Here, we propose that two alternative fault modserved surface faulting in Monte Cristo Valley andanic energy (moment) release rate on faults and
els that include additional subevents could aclosely correspond to the Doser (1988) foceb estimate earthquake recurrence in probabilis-
count for the moment disparity and also explaimechanisms. In this model, the Stewart and Mont& seismic hazard analyses (Youngs and Cop-
complexities of the 1932 surface-rupture patterrCristo Valley rupture zones would mark the surpersmith, 1985; Panel on Seismic Hazard
In these alternative models, we assume that tifece traces of two subsurface right-lateral fault#\nalyses, 1988). The preferred 0.4—0.5 mm/yr
CM 2 subevent of Doser (1988) was closer to theach about 17 km long. Together with the Gabbate estimated for the Monte Cristo Valley fault
main CM 1 epicenter in Gabbs Valley (Fig. 10, Avalley fault(s) they would collectively form a left- zone is not considered a high (>1 mm/yr) slip
and B) on the basis of the lack of surface faultingtepping, en echelon set, and the north-strikingte (Slemmons and dePolo, 1986), and it sug-
on the Petrified Spring fault and the large eassubsurface faults would correspond to first-ordegests that slip rate may not be a reliable criterion
west location errors given for CM 2. SeismoRiedel shears synthetic to the larger northwesfer characterizing seismic hazard in the Walker

genic slip on either one large north-striking faulstriking Walker Lane faults. Lane region. Other adjacent historical fault
or two smaller, closely spaced faults concealed zones also have comparable low to moderate
under Gabbs Valley would similarly produce theCONCLUSIONS AND IMPLICATIONS slip rates. Machette et al. (1993) inferred a low
instrumentally determined moment reported foFOR WALKER LANE TECTONICS slip rate for the 1915 Pleasant Valley fault zone
CM 1 and CM 2. (Fig. 1A), and late Quaternary slip rates in the

The primary surface faulting in Monte Cristo  The results of surface faulting and paleoseismit954 Dixie Valley and 1954 Fairview Peak rup-
Valley strongly suggests that one or more addstudies in the 1932 Cedar Mountain earthquakere zones were inferred to have been 0.2-0.5
tional subevents occurred in the southern hadfrea allow several conclusions to be drawn bearimygm/yr and <0.1 mm/yr, respectively (Bell and
of the rupture zone. In one alternative modedn the modern tectonics and earthquake hazardaftzer, 1990; Bell, 1993). These slip rates are as
(Fig. 10B), a third right-lateral subevent (CMthe Walker Lane region. In contrast to most othenuch as an order of magnitude lower than other
3) is hypothesized on a concealed northweshistorical faults in the Basin and Range provincédyigh-slip-rate faults that have not ruptured his-
striking fault beneath Stewart and Monte Cristthe Cedar Mountain faulting lacks any obviougorically. In the northern part of the region, the
Valleys (the Stewart—Monte Cristo Valleystructural relationship to a single, throughgoindg?yramid Lake and Honey Lake faults (Fig. 1A)
[SMC] fault of Molinari, 1984). A second alter- basement fault, and it is unusual in that it did ndtave slip rates of >1 mm/yr and 1.1-2.6 mm/yr,
native model (Fig. 10C) hypothesizes third andccur along a major range-bounding structure. Irespectively (Anderson and Hawkins, 1984;
fourth subevents (CM 3 and CM 4) on separatilonte Cristo Valley, primary right-lateral rupturesWills and Borchardt, 1993). Trenching studies
north-striking faults beneath Stewart andccurred along a left-stepping series of low-reliefalong the eastern Sierra Nevada range front in-
Monte Cristo Valleys. midvalley faults more than 50 km from the mairdicate a slip rate of >1-2 mm/yr for the Genoa

The late Cenozoic pattern of pervasive en echepicenter. In Stewart Valley, surface deformatiofiault (Ramelli et al., 1996), and Reheis and
lon strike-slip faulting with components of reversecannot be associated with any principal fault an8awyer (1997) reported a 2—3 mm/yr slip rate
and extensional slip is generally consistent witmay be related to folding in the Tertiary-Quateren the Fish Lake Valley fault.
wrench-fault kinematics (Moody and Hill, 1956) nary sedimentary section. In Gabbs Valley, sec- We speculate that either of two alternative fault
and Riedel right-lateral simple-shear relationshipsndary or sympathetic normal faulting occurreagnodels that include additional, unrecognized
(Riedel, 1929; Tchalenko, 1970; Wilcox et al.,on more than a dozen separate faults scattersubevents can account for the complicated pat-
1973; Naylor et al., 1986; Sylvester, 1988). Somthroughout the valley. tern of surface faulting and for a factor-of-two-to-
other historical surface-faulting patterns have been On the basis of these spatial and structural reldiree disparity between the instrumentally and
explained by similar relationships (Tchalenko antlonships, we believe that the 1932 Cedar Mourgeologically determined seismic moments. A
Ambraseys, 1970). In Figure 10D, a strain ellips&ain earthquake is perhaps the best example frahree-event model places an additional subevent
illustrating the primary wrench-fault orientationamong several historical Basin and Rangen a northwest-striking fault beneath Monte
and the corresponding Riedel shear relationshipgisovince earthquakes to illustrate how distributiv€risto and Stewart Valleys, and a four-event
oriented in the contemporary stress field estimatexlirface faulting may accompany large-magnitud@odel hypothesizes two additional subevents,
for the central Nevada regiowy= N53°W; events. The 1932 and other large seismic eventseach occurring on north-striking faults in Stewart
Savage et al., 1995). such as the 1992 Landers, California (Johnsand Monte Cristo Valleys. Either of the alterna-

In the three-event model, the primary wrenclet al., 1994), and 1954 Fairview Peak (Slemmongye three- and four-event models could ade-
(Stewart—-Monte Cristo Valley) fault parallels the1957), Nevada, earthquakes—support the concegpiately account for the extensive primary surface
traces of the principal transcurrent faults and fithat major earthquakes in the Basin and Randaulting in Monte Cristo Valley. The addition of a
the regional pattern of northwest-striking, left-province can exhibit complicated rupture patternthird or fourth subevent would increase the total
stepping faults. Right-slip motion on a 30-km-involving multiple segments of the same fault omstrumental seismic moment of the earthquake
long Stewart—Monte Cristo Valley fault would segments of multiple fault zones. These resulte 4.3—4.7x 1026 dyne- cm and correspond to a
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Figure 10. Alternative tectonic models for the 1932 Cedar Mountain fault rupture. The common base map shows the 1932 ruptutresagy fault
lines) and principal late Cenozoic faults (labels explained in Fig. 1B). (A) Two-event model based on original location of epiiers (Doser, 1988): the
main event (CM 1) in Gabbs Valley and a second subevent (CM 2) near the Petrified Spring fault. (B) Three-event model basduypothesizing one
additional subevent in Stewart and Monte Cristo Valleys. The CM 2 subevent of Doser (1988) is relocated to Gabbs Valley. Tirel subevent
(CM 3) has inferred right-lateral motion on a northwest-oriented nodal plane and is placed on a postulated northwest-strikinguit (Stewart—-Monte
Cristo Valley fault) beneath Stewart and Monte Cristo Valleys. (C) Four-event model based on hypothesizing two subevents inateand Monte
Cristo Valleys. The third (CM 3) and fourth (CM 4) subevents are placed on postulated north-striking faults underlying each tfe two valleys. In-
ferred motion on each fault is right-lateral along north-striking nodal planes. (D) Diagrammatic strain ellipse illustrating Rédel right-lateral simple-
shear relationships oriented for the central Nevada region. The ellipse shows the relationships among the primary, northwestdieg, wrench-fault
orientation (here assumed to parallel the Walker Lane faults); the north-trending, right-lateral Riedel (synthetic) shear orieation; and the east-
northeast—trending, left-lateral conjugate Riedel (antithetic) shear orientation. Modified from Wilcox et al. (1973).
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TABLE 3. COMPARISON OF SEISMIC MOMENTS (M) AND MOMENT MAGNITUDES (M, ) FROM SINGLE-EVENT (GIANELLA AND CALLAGHAN,
1934A, 1934B), TWO-EVENT (DOSER, 1988), AND ALTERNATIVE THREE- AND FOUR-EVENT MODELS (THIS STUDY)

Model Subevents Fault Average M, (dyne - cm)T M, 5
length (km)  displacement (m)*
Single-event One event 60 2 5.4 x 10%° (geologic M) 71
Two-event Subevent 1 18 1.3 11.2 +2 x 10%
Subevent 2 12 1.8 8.5+2.2 x10%
1.97 x 10% (instrumental M) 6.8
Three-event Subevent 1 18 1.3 11.2 £2 x10%
Subevent 2 12 1.8 8.5+22 x10%
Subevent 3 30 2 2.7 x10%
4.67 x 1026 7.1
Four-event Subevent 1 18 1.3 11.2 +2 x10%
Subevent 2 12 1.8 8.5+2.2x10%
Subevent 3 17 1 7.6 x10%
Subevent 4 17 2 1.5 x10%
4.26 x 1026 7.1

*Single- and two-event values from Doser (1988); three- and four-event values are average displacement determined from field measurements and Figure 4.
TSingle- and two-event values from Doser (1988); three- and four-event values are based on 15 km seismogenic depth, and = 3 x 101 dyne » cm2.
SCalculated from M,, = 2/3 log M, — 10.7 (Hanks and Kanamori, 1979).
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