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Surface Faulting of the 1954 Fairview Peak (M 7.2) and Dixie Valley

(M 6.8) Earthquakes, Central Nevada
by S. J. Caskey, S. G. Wesnousky, P. Zhang, and D. B. Slemmons

Abstract The 1954 Fairview Peak earthquake was followed 4 min and 20 sec
later by the Dixie Valley earthquake. Surface ruptures were distributed among six
different faults that define a complex north-trending zone 100-km long and over 15-
km wide. The rupture sequence progressed from south to north. The initial event
produced a 32 km rupture of right-oblique slip along the east-dipping Fairview fault
where the components of right-lateral offset and vertical separation reached 2.9 and
3.8 m, respectively. The northernmost ruptures occurred during the subsequent event
along a 46-km portion of the east-dipping Dixie Valley fault where the sense of slip
was normal and reached a maximum vertical separation of 2.8 m. Average surface
offset for both events is about 1.2 m. The west-dipping West Gate, Louderback
Mountains, and Gold King faults also ruptured during the earthquake sequence.
These faults form a complex structural linkage within a 15-km left-step that separates
the surface traces of the Fairview and Dixie Valley faults. The west-dipping faults
likely played an important role in the redistribution of static stress from the Fairview
Peak earthquake and subsequent triggering of the Dixie Valley earthquake. Right-
lateral offsets of more than a meter occurred along both the West Gate and Louder-
back Mountains faults. Slip was limited to normal motion of 1 m or less along the
Gold King fault. The change from right-oblique motion along the Fairview fault to
pure normal motion on the Dixie Valley fault may reflect the transition from prin-
cipally northwest extension in the south to more westerly extension in the north.
Alternatively, slip at the latitude of the Dixie Valley fault may be partitioned between
pure normal slip along the Dixie Valley fault and strike-slip motion on faults im-
mediately to the west. Observations of fault dip provide insight to the complex three-
dimensional geometry of the rupture sequence. Of particular note, a significant sec-
tion of the Dixie Valley fault appears to be characterized by dip angles as low as 25°
at the surface. Slip variation or earthquake endpoints do not generally appear to have
been influenced by changes in bedrock type. We do not observe systematic relations
between slip variation and aspects of fault-trace geometry, such as salients and reen-
trants. Yet, the relative competence of footwall bedrock appears to have influenced
the long-term development of large salients and reentrants along both the Dixie
Valley and the Fairview faults, as well as the style of rupture along the southern
portion of the Dixie Valley fault.

Introduction

The Mg 7.2 Fairview Peak earthquake occurred on 16
December 1954 in central Nevada about 50 km east of Fal-
lon. The event was followed 4 min and 20 sec later by the
nearby M 6.8 Dixie Valley earthquake. The two earth-
quakes combined to produce a zone of normal and normal-
right-oblique surface ruptures that extend for about 100 km
in a northerly direction (Plate 1 and Fig. 1). Slemmons
(1957) was the first to study the geological characteristics of
the earthquakes. He provided an overview of the general
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characteristics of surface faulting, reported about two dozen
measurements of fault offset, and published a 1:250,000
scale map showing the distribution of fault traces. Bell
(1984) compiled the distribution of ruptures on a 1:250,000
scale map of the Reno 1° X 2° quadrangle. Bell and Katzer
(1987, 1990) further studied the surficial geology and history
of late Quaternary faulting along the Dixie Valley fault
within the IXL Canyon 7.5-min quadrangle. Active faulting
in the Dixie Valley area has been the subject of numerous
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Figure 1. The 1954 Fairview Peak and Dixie Val-
ley earthquake surface ruptures (thick lines). Ruptures
along the east side of the Monte Cristo Mountains
may have formed during the 1932 Cedar Mountain
earthquake. Base map shows late Pleistocene and Ho-
locene fault scarps (thinner lines), bedrock (shaded),
and alluviom (white) (modified from Stewart and
Carlson, 1978). The International Seismological
Summary epicenter for the Fairview Peak (no error
bars) and the relocated epicenter for the Dixie Valley
earthquake (with partial error bars) are taken from
Doser (1986). Boxes show areas of Plates 1la to Ic
and Figure 19. Locations referred to in text: B, The
Bend; BC, Bell Canyon; BF, Bell Flat; CC, Coyote
Canyon; CM, Chalk Mountain; EJC, East Job Canyon;
Dixie Valley ELC, East Lee Canyon; EMC, Eleven Mile Canyon;

fault FP, Fairview Peak; FS, Frenchman Station; GG,
Geiger Gap; HC, Hare Canyon; JC, James Canyon, JP,
Job Peak; KM, Kaiser Mine; IXL Canyon; LBC, Little
Box Canyon; SM, Slate Mountain; W, Wonder; WC,
Willow Canyon; WdC, Wood Canyon.

other studies (e.g., Chadwick er al, 1984; Okaya and
Thompson, 1985; Pearthree et al., 1986; Pearthree and Wal-
lace, 1988; Wallace, 1984a; Wallace and Whitney, 1984;
Zhang et al., 1991). Yet none have entailed a comprehensive
study of the amount and style of offset during the 1954 earth-
_J_ quake sequence. Observations of the distribution and style
3 West Gate of slip during historical earthquakes are important in the as-
fault sessment of seismic hazard (e.g., Wells and Coppersmith,
1994) as well as the understanding of the mechanics of fault-
ing (e.g., Kanamori and Allen, 1986; Romanowicz, 1992;
Scholz, 1982, 1994). For that reason, we embarked upon a
detailed survey of the 1954 surface ruptures that are still well
preserved in the arid environment of the Great Basin (Table
1). Our effort has resulted in construction of detailed slip
distributions for the events, insight into the three-dimen-
sional geometry and evolution of the rupture sequence, es-
timates of net extension directions, observations bearing on
bedrock influence on fault-trace geometry and rupture style,
identification of a surprisingly low dip along a significant
section of the Dixie valley fault, and a basis for comparison
to other major surface rupture events of the Basin and Range.
After a brief description of the tectonic setting and the seis-
mological characteristics of the earthquakes, we present and
discuss those observations in detail.

Louderback
Mtns fault

Tectonic Setting and Seismological Characteristics
of the Earthquakes

Nevada : Cristo Mtns fault

The 1954 Fairview Peak and Dixie Valley earthquakes
occurred within the Basin and Range Province. The region
Phillips Wash is characterized primarily by northerly striking ranges
fault bounded by active and late Quaternary normal faults (Fig.
2) (Stewart, 1978). The 1954 ruptures define part of a zone
of historical surface ruptures that extend northward through
eastern California and central Nevada (Fig. 2). Wallace

area of
Figure
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Table 1
Summary of Surface Rupture Characteristics for Faults Activated during the 1954 Fairview Peak and Dixie Valley Earthquakes

Rupture M(max) M(avg)
length Average VS nax V8..g SSmax SSavg Hpax g (X 10% (X 10%
Fault (km) Strike Dip (m) (m) (m) (m) {m) (m) dyne cm) dyne cm) M, (max) M, (avg)
Dixie Valley fault 42.0 017° 30°-50°E  2.80 0.90 —_ — 366 117 9.04 2.89 7.27 6.94
Fairview fault zone 31.6 015° 50°-70°E  3.80 1200 290 1.00 526 L71 8.63 2.80 — —
(3.80)
Gold King fault 8.5 005° 50°-70° W 1.00 0.45 —_ — 1.15 052 0.51 0.23 —_ —
Louderback 14.0 345° 60°-80°W  0.80 0.20 170 050 186 0.54 1.25 0.36 — —
Mins fault (0.70)
Phillips Wash fault 6.2 027° 50°-70°E 048 025 080 060 087 0.67 0.28 0.22 — —
(0.30)
West Gate fault 100 003° 50°-70°W 115 0.40 120 060 141 0.76 0.73 0.39 — —
(0.65)
Fairview Peak 11.40 4.00 7.34 7.03

event totals

Abbreviations: VS, (maximum vertical separation of the ground surface) is taken to approximate maximum vertical displacement (throw) (numbers in
parentheses represent vertical separation measured at location of maximum strike-slip offset, and these values are used to determine dip-slip component
fOr #,y calculations); SS,,, (maximum lateral offset); VS,,, [average vertical separation (approximates average throw)] and SS,,, (average lateral offset)
calculated using generalized linear point-to-point functions that define slip distribution curves (Fig. 5). Areas beneath the slip distribution curves (Fig. 5)
were determined, and these areas were then divided by rupture length to determine average values. SS,,, for Phillips Wash fault was determined by assuming
a constant proportion of strike slip to dip slip along the entire rupture length as at the location of the single strike-slip measurement (Fig. 5f). u,,,, (maximum
surface displacement) is determined at a single location along the fault (e.g., Wells and Coppersmith, 1994) and is equal to the vector sum of the dip-slip
and strike-slip components. Along the Fairview fault, VS_,, and SS_,, were measured within 100 m of each other, so in this case, these measurements are
used to calculate u,,. Dip slip (DS) is determined from the relation DS = VS/sin 8, where @ is the fauit dip angle. The average fault dip from the range
of dip values shown in the table were used to calculate dip slip, except for the Dixie Valley fault where a 50° fault dip was used because this dip angle is
well constrained for the fault in areas north of The Bend (Okaya and Thompson, 1985). As well, it is not known if the low angle of dip at the surface along
parts of the fault south of The Bend (discussed in text) projects down to seismogenic depths. Ranges for dip values shown in the table are based generally
on field observation (Plates 1a to 1c) where available. Otherwise, ranges for dip values are assumed. u,,, (average slip resolved) is calculated from the
vector sum of DS,,, (= VS,/sin 8) and SS,,,; M§(max) and M(avg) (maximum and average geologic moments) for each fault ruptured were calculated
from the relationship M = uwlLu (Aki and Richards, 1980) where u is the shear modulus (3 X 10! dyne/cm®), w is fault width (assuming the same fault
dips used for dip-slip calculations and a fault depth of 15 km, which is consistent with microearthquake studies in the Fairview Peak area (Ryall and
Malone, 1971; Stauder and Ryall, 1967), L is fault surface rupture length, and u is net displacement. Maximum and average geologic moments were
calculated using #y,, and u,, respectively; M, (max) and M, (avg) (maximum and average moment magnitudes) were calculated from the relation M,, =
2/3Log M8 — 10.7 (Hanks and Kanamori, 1979) for maximum and average geologic moments. Moments and moment magnitudes for the Fairview Peak
event fotals assume that the Fairview, Gold King, Louderback Mountains, Phillips Wash, and West Gate fault all ruptured during this earthquake. Because
the west-dipping Gold King, Louderback Mountains, and West Gate faults may not extend down to 15 km depth (i.e., they may be antithetic to and therefore
terminate at the Fairview and Dixie Valley faults at a shallower depth), both M4(max) and M%(avg) and corresponding moment magnitudes are considered
maximum values for these estimates.

(1984a) defined the zone of ruptures as the central Nevada
seismic belt. In addition to the 1954 Dixie Valley and Fair-

where the Basin and Range is characterized by a consistent
north to northeast structural grain.

view Peak events, it is marked by ruptures of the 1872
Owens Valley (M, = 7.6) (Beanland and Clark, 1995),
1915 Pleasant Valley (Mg = 7.7) (Abe, 1981), 1932 Cedar
Mountain (M = 7.2) (Abe, 1981), and the 1954 Rainbow
Mountain and Stillwater (Mg = 6.3 and My = 7.0) earth-
quakes (Lienkaemper, 1984). The 1992 Landers earthquake
(My, = 7.3) (Sieh et al., 1993) may be a southern continu-
ation of the seismic belt. The Fairview Peak, Rainbow
Mountain, and Stillwater earthquakes produced right-
oblique motion on dipping faults (Doser, 1986). With re-
spect to the seismic belt, these earthquakes took place in a
zone of transition between the dominantly right-lateral
Owens Valley and Cedar Mountain events to the south,
which occurred within the northwest-trending Walker Lane
belt (Fig. 2) (Stewart, 1988), and the dominantly dip-slip
Dixie Valley and Pleasant Valley earthquakes to the north,

Doser (1986) reanalyzed the body waveforms of the
1954 earthquake sequence and relocated the epicenter for
the Dixie Valley event. Because the Dixie Valley event oc-
curred only 4 min after the Fairview Peak earthquake, details
of the Dixie Valley waveforms are obscured by the wave-
forms of the Fairview Peak earthquake. Hence, estimates of
the epicenter of the Dixie Valley event have been problem-
atic, and first-motion data are not available. The Interna-
tional Seismological Summary (ISS) epicenter of the Fair-
view Peak event is located at 39.20° N and 118.00° W (Fig.
1). Doser’s (1986) relocation for the Dixie Valley epicenter
is associated with large error bars and lies about 50 km to
the north at 39.67° N and 118.00° W (Fig. 1). No eyewitness
reports exist to confirm which faults broke during the indi-
vidual earthquakes. However, from the epicenters of the two
events and the large left-step between the Dixie Valley fault



764

N\
42NN ‘\s__\(S\ OR ID

s L3 . |1915 Pleasant |, .
S s | NS dValley (Mg=7.7)

1954 Rainbow Mtn| [ }r’_._..z_x_-____
and Stilwater | /%1954 Dixie Valley| -
(M=6.8) ,

{M¢=6.3 and 7.0) :
. _-|1954 Fairview Peak ||,

/

AN
in

J ‘f‘ j

1932 Cedar Mtn]

I
37N M=72) |t
1872 Owens Valley |\ ( s72) ; _‘AZ
(My=7.6) e d)
1992 Landers | !
1 (My=7.3)
AY
\ ol
120'W H7'W

Figure 2. Map showing surface ruptures (bold
lines) and focal mechanisms reported for major his-
toric earthquakes in Nevada and eastern California.
Other Quaternary faults in the Great Basin are shown
as thinner lines. Landers earthquake magnitude from
the National Earthquake Information Center (Sieh et
al., 1993). References for other earthquake magni-
tudes are cited in text. Compressional quadrants of
focal mechanisms are black.

ruptures and those to the south, it has generally been inter-
preted that the faults east of Fairview Peak and on the east
side of Dixie Valley ruptured during the Fairview Peak
event, and those on the west side of Dixie Valley (i.e., on
the Dixie Valley fault) ruptured in the Dixie Valley event
(Fig. 1). The focal mechanism of the Fairview Peak earth-
quake (Doser, 1986; Romney, 1957) shows right-oblique
motion on an eastward-dipping plane (Fig. 2). Doser (1986)
attained a best fit for the contaminated Dixie Valley event
waveforms for pure dip-slip motion and a fault strike of
350°, although waveform shapes were not altered by varia-
tions of =20° in rake.

Methods

A set of 1:10,000 to 1:12,000 scale vertical, low-sun-
angle air photographs taken in 1968 and 1970 (e.g., Fig. 3)
was used in the field to map the 1954 surface ruptures and
prehistoric fault scarps. The mapped traces were then com-
piled on 1:24,000 scale topographic base maps and reduced
to 1:48,000 scale (Plate 1). A total of about 600 measure-
ments of both vertical and lateral components of offset were
measured in the field during the summers of 1992 and 1993.
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Measurements of vertical separation of the ground sur-
face were made at intervals of about 300 m along the strike
of each fault trace and compensate or account for near-scarp
warping of the ground surface and multiple fault traces and
graben structures commonly associated with the fault rup-
tures (Fig. 4). Attention was given to taking measurements
where vertical separation changed appreciably along strike.
Vertical separations were measured primarily on gently slop-
ing ground surfaces (<<10°) so that these measurements gen-
erally approximate the amount of vertical displacement (i.e.,
throw) (Caskey, 1995). Where possible, lateral offsets of
channels, debris flow levees, and small ridge lines (i.e.,
piercing points) were measured. The locations and amounts
of offset are shown on Plate 1 and summarized in slip dis-
tribution diagrams shown for each fault in Figure 5. These
data form the basis for discussion of the characteristics of
offset along each fault.

Surface Rupture Characteristics

Distribution and Patterns of Faulting

Surface ruptures attributed to the Fairview Peak earth-
quake are mainly distributed along five faults: (1) Fairview,
(2) Louderback Mountains, (3) West Gate, (4) Gold King,
and (5) Phillips Wash (Fig. 1, Plates 1a and 1b). In contrast,
ruptures attributed to the subsequent Dixie Valley earth-
quake are limited to the Dixie Valley fault that also includes
a complex zone of faulting in the piedmont area within a
region known as The Bend (Fig. 1, Plate 1c¢).

The surface ruptures along the Fairview fault form a
complex north-northeast-striking, east-dipping zone of fault-
ing that, in part, bounds the eastern escarpment of Fairview
Peak. The fault extends 32 km from near Slate Mountain (on
the south) to Chalk Mountain (on the north). Large salients
(i.e., convex forms) and reentrants (i.e., concave forms or
embayments) in the rupture pattern are observed in the vi-
cinity of Bell Flat. The trace is relatively linear farther to the
north. The rupture trace is also discontinuous at several lo-
cations. The trace has a distinct left step at the north end of
Bell Flat and gaps in the trace at the apex of the salient in
the central Bell Flat area and along the east side of Chalk
Mountain. The width of the zone of ground breakage along
the Fairview fault ranges from a single fault strand (less than
1 m) to broadly distributed zones that are several kilometers
wide. Between U.S. Highway 50 and Chalk Mountain, a
zone of ruptures 1-km wide forms a left-stepping echelon
pattern in alluvium and along the base of low-lying hills that
mark the west side of the Stingaree Valley graben. Several
small, north-trending surface breaks formed across a zone at
least 4-km wide in the central part of Bell Flat (Fig. 1). These
scarps were identified by reconnaissance mapping of Vin-
cent Gianella (in Slemmons, 1957; University of Nevada
Library Archives, unpublished data), but they were not ob-
served in the field or on aerial photos during this study. At
the range-front salient in the Bell Canyon area, surface rup-
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Figure 3.  Aerial low-sun-angle photograph of the
Coyote Canyon area showing the locally corrugated
(e.g., nonplanar) geometry of the Dixie Valley fault.
Scale is approximately 1:12,000. North is approxi-
mately toward top of photo. Photo taken on early
morning of 20 June 1970.

a VS= vertical separation
of the ground surface

\\\\Y\ ————
VS (1954)~3.0 m
VS(net)G.S m
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Figure 4. Scarp profiles across 1954 surface rup-
tures (refer to Plate 1a and 1c for locations). (a) Simple
scarp ~2.0 km south of Fairview Peak; location of
maximum vertical separation along the Fairview fault
zone. (b) Compound scarp at the north end of Bell Flat
(Fig. 1) in late-Pleistocene altuvium showing about 3.0
m of 1954 vertical separation (VS) of the ground sur-
face and 6.5 m net vertical separation. The net vertical
separation is considered a minimum because the sur-
face on the down-thrown side is buried by an unknown
amount of alluvium. (c) through (e) Prominent fault-
trace grabens showing little net vertical separation of
the ground surface in the general vicinity of Little Box
Canyon. The geometry of these profiles indicates that
fault displacement is associated with greater heave
(horizontal fault-normal extension) than throw (ver-
tical displacement). This structural relationship indi-
cates a subsurface fault dip of less than 45°.
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Figure 5. Measurements of vertical separation (solid dots and open squares) and lateral offset (open circles) versus
distance along a line of average strike for (a) the Fairview fault, (b) the Dixie Valley fault (c) West Gate fault, (d) the
Louderback Mountains fault, (¢) the Gold King fault, (f) and the Phillips Wash fault surface ruptures. The mapped
rupture traces are registered with the horizontal axis for each plot; ball and stick shown on down-thrown side of the
faults; paired arrows indicate direction of lateral motion. Negative vertical separation values in (a) and (b) represent
pet down-to-the-west separations; those in (d) represent net down-to-the-east separations. The negative right lateral
value in () represents a measurement of net left-lateral offset (see text, Plate 1a). In (a), strike-slip offset is projected
to zero at the south end of Fairview fault trace to reflect previous observations of right slip outboard of the range-front
fault in Bell Flat (Slemmons, 1957). Measurement error bars are shown as thin vertical lines through data points.
Where rupture strands overlap at map scale, measurements that fall on (or very close to) a given line perpendicular to
the average strike line of the fault are combined for net lateral offsets and net vertical separations. Measurements of
lateral offset in areas of multiple fault strands are generally considered minimum net values because lateral displacement
is seldom well expressed or preserved on all overlapping ruptures. Where rupture strands overlap, error estimates on
all strands are assumed to be additive and are therefore generally greater than error estimates where only a single fault
strand exists. Thin dashed lines represent generalized slip distribution “curves” from which average displacements
were determined (Table 1).
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tures bifurcate and form a left-stepping echelon pattern 0.7
km across on the north side of the salient and a right-stepping
pattern 1.0 km across on the south side of the salient.

The West Gate fault bounds the western escarpment of
the Clan Alpine Mountains. The west-dipping fault is
marked by a sinuous north-striking trace that defines salients
and reentrants in the range front with a wavelength of about
8 km. Surface ruptures in 1954 were limited to two sections
of the fault. The southernmost breaks form a discontinuous
trace that extends from just south of U.S. Highway 50 north-
ward for about 8 km along a range-front salient and bounds
the east side of the Stingaree Valley graben. A shorter 2-km
rupture is located farther to the north, also along a range-
front salient about 4 km south of Wonder, Nevada. The
northern part of the fault bounds the eastern side of the
southern part of the Louderback Mountains structural block,
which appears to be tilted eastward and down-faulted against
the Clan Alpine Mountains in half-graben fashion. Between
U.S. Highway 50 and the range-front salient 4 km to the
north, the fault trace forms a distinct left-stepping echelon
pattern with scarps formed well within bedrock of the moun-
tain range. Although 1954 offsets of U.S. Highway 50 are
well documented (Slemmons, 1957), ruptures in the vicinity
of the highway are no longer visible.

The Louderback Mountains fault trace extends for a dis-
tance of 14 km along the west side of the Louderback Moun-
tains, on a strike of about 345° from the north end of Chalk
Mountain. A right step of about 100 m separates the southern
end of the fault trace from the northernmost extension of the
Fairview fault. The trace forms a generally linear but dis-
continuous zone of mostly west-facing surface breaks that
average between 0.5 and 2.0 km in length. The southern 3
km of the rupture trace exhibits a clear left-stepping echelon
pattern of scarps averaging several hundred meters in length.

The Gold King fault ruptures strike north-northeasterty
through the Tertiary volcanic bedrock of the Louderback
Mountains. The 1954 earthquake produced an 8.5-km-long
zone of discontinuous west-dipping surface ruptures that
overlap with and strike obliquely to the adjacent Louderback
Mountains fault. The Gold King fault closely parallels the
northern part of the West Gate fault 3 to 4 km to the east.
Individual breaks range between 1.5 and 2.0 km in length.
The southern end of the rupture trace extends to within 1.5
km of the Louderback Mountains fault trace. The original
work of Slemmons (1957) did not distinguish between the
Louderback Mountains and the Gold King faults, although
our observations clearly indicate the presence of two sepa-
rate faults with distinctly different styles of slip.

At the south end of the 1954 Fairview Peak rupture zone
and in the northern part of Gabbs Valley, we define a 6.2-
km-long and 0.8-km-wide, northeast-striking zone of rup-
tures along the east side of Phillips Wash as the Phillips
Wash fault (Plate 1b). The zone of ruptures consists of short
(0.1 to 1.0 km) scarps arranged clearly in a right-stepping
echelon fashion, evident at both map and outcrop scales.
These ruptures were not identified by Slemmons (1957).
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However, a secondhand historical account provided by Craig
dePolo (Nevada Bureau of Mines and Geology, personal
comm., 1994) from an unidentified man who lived at the hot
springs 8 km west of the fault trace indicates that the road
crossing the central part of the rupture zone was faulted im-
mediately following the 16 December earthquakes (see Plate
1b). More convincingly, these scarps are not visible on aerial
photos taken in August 1954 (Nevada Bureau of Mines and
Geology photo collection), and hence, the Phillips Wash
fault broke during the 16 December 1954 event. Ekren and
Byers (1986) also identified two short surface breaks as 1954
ruptures in this area.

The Phillips Wash fault lies to the south and is separated
by a 2-km step from an 8-km-long section of recent fault
scarps along the northeast-striking Eastern Monte Cristo
Mountains fault (Plate 1b). Young scarps along this fault
were originally suspected of forming in 1954. However,
many of these ruptures are visible on aerial photos taken in
July and August of 1954, prior to the 16 December 1954
events (Nevada Bureau of Mines and Geology photo collec-
tion). In addition, the recent scarps along the Eastern Monte
Cristo Mountains fault exhibit a subtly greater degree of deg-
radation than the 1954 scarps. We suspect that the scarps
along the Eastern Monte Cristo Mountains fault formed dur-
ing the 1932 Cedar Mountain earthquake, although Gianella
and Callaghan (1934) did not recognize these scarps in their
study of the 1932 ruptures. Their traverse map shows they
did not explore the piedmont area along the eastern side of
the Monte Cristo Mountains. If the Eastern Monte Cristo
Mountains fault ruptures formed in 1932, then previous es-
timates of total rupture length for 1932 Cedar Mountain
earthquakes should be extended by about 15 km to a total
length of 75 km. Furthermore, it implies that the 1932 and
1954 ruptures overlap by about 13.5 km.

The Dixie Valley fault bounds the eastern escarpment
of the Stillwater Range (Fig. 1). The 1954 earthquake pro-
duced a 46-km-long zone of surface breaks along the Dixie
Valley fault, extending northward from 2 km north of Eleven
Mile Canyon to about 3.5 km northeast of Hare Canyon (Fig.
1, Plates 1a and 1c). With the exception of a 4 ki gap south
of East Lee Canyon (Fig. 1), the range-front surface breaks
are generally continuous. The southern limit of the range-
front trace is separated from the Louderback Mountains fault
trace to the east by about 6 km. The range-front trace is
locally very sinuous, particularly in the vicinity of Coyote
Canyon (Fig. 3) and along the north side of The Bend (Fig.
1, Plate 1c), which appears to reflect a highly corrugated
fault plane geometry. The main drainages of the Stillwater
Range directly correspond to reentrants in this area (Plate
1c), indicating that the corrugations are probably long-es-
tablished features of fault geometry. South of The Bend the
fault defines range-front salients and reentrants with a wave-
length of 2 to 3 km. The salient at Little Box Canyon (Fig.
1) marks a fundamental change in the strike of the Dixie
Valley fault from about 020° south of the salient to about
345° to the north of the salient. In addition to the range front
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ruptures, a broad discontinuous zone of ruptures formed on
the piedmont in The Bend area. The north to northeast-strik-
ing zone of piedmont ruptures is about 12 km long, nearly
4-km wide, and is composed of mostly east-facing (normal
fault) scarps. The piedmont fault zone appears to connect
northeast-striking sections of the range front fault lying north
and south of The Bend. Very small surface breaks also
formed in the piedmont area east of Eleven Mile Canyon but
are no longer recognizable in the field.

Finally, there are a number of minor surface breaks orig-
inally reported and mapped by Slemmons (1957), most of
which were not recognizable in the field or on available aer-
ial photos during this study and are not included in Plate 1.
A 2-km-long, north-striking break was mapped across U.S.
Highway 50 near Frenchman’s Station (Fig. 1) on a south-
ward projection of the Dixie Valley fault. A rupture of sim-
ilar extent and orientation and characterized by vertical off-
sets less than 0.1 m was also reported about 4 km north of
U.S. Highway 50 along the east side of the Clan Alpine
Mountains. A 4-km-long, northeast-striking break was
shown within bedrock at the north end of Fairview Peak. A
small scarp showing less than 0.2 m of vertical and less than
0.1 m right-lateral offset was mapped on the northwest side
of Chalk Mountain. Slemmons (1957) also noted several
possible surface breaks within and along the west side of the
Monte Cristo Mountains (Fig. 1). One of these ruptures is
well expressed on aerial photos and is located about 5 km
southeast of the southernmost rupture trace of the Fairview
fault (Fig. 1). The west-facing break is less than 1-km long,
northeast-striking, and of small (probably less than 0.3 m)
vertical displacement. Other minor fault breaks were re-
ported by workers near the Kaiser Mine in the northern part
of the Monte Cristo Mountains (Slemmons, 1957) (Fig. 1).

Style and Amount of Offset

There are fundamental differences in the style of offset
when viewing the 1954 fault traces as a whole. First, while
all of the ruptures show normal fault motion, only the Fair-
view, West Gate, and Louderback Mountains faults, which
comprise most of the southern half of the 1954 ruptures,
show clear evidence of a right-lateral component of slip. The
Dixie Valley fault shows primarily dip-slip displacements,
although indicators of both right- and left-lateral shear sense
are present along much of the rupture trace. Surprisingly, the
Phillips Wash fault trace appears to be associated with a left-
lateral component of motion. Slip distributions showing
measurements of the amount of vertical separation and lat-
eral offset as a function of distance along fault strike are
provided in Figure 5 and form the basis here for a detailed
description of the style and amount of offset along each of
the individual faults. For reference, fault traces are scaled to
and shown above each of the slip distributions.

A maximum of 3.8-m vertical separation (Fig. 4a and
6) and 2.9 m of lateral offset (Fig. 7) for the 1954 earth-
quakes were measured along the Fairview fault in the vicin-
ity of Fairview Peak (Fig. 5a). However, both the amount

and style of offset along this trace vary significantly along
strike. For example, the largest offsets are limited to the
southern half of the fault between Slate Mountain and Fair-
view Peak (about the 4 and 18 km marks on the slip distri-
bution curve) (Fig. 5a). To the north, vertical separation de-
creases abruptly to less than 0.5 m along a 3-km section of
the fault where evidence for lateral offset disappears (see
comments, Plate 1a). North of the 22 km mark, vertical sep-
aration and right-lateral offset, again, abruptly increase and
maintain values of 0.8 to 1.4 m and 1.0 to 2.0 m, respec-
tively, to the northern end of the fault trace. Along the south-
ern half of the fault, there exists a local minimum in vertical
separation at about the 8 km mark, corresponding to a major
salient in the range front. The slip distribution shows a linear
decrease to zero offset along the southernmost 4 km. In de-
tail, there is considerable scatter to the data along most
reaches of the rupture trace. The scatter may reflect that fault
slip at depth is not everywhere completely manifested at the
surface.

Measurable components of a right-lateral offset along
the Fairview fault are limited to two sections of the fault
north of Bell Flat. Lateral offsets of greater than 2 m are
manifested by displaced geomorphic features (and one tree
root) at a half dozen points along the fault between the 12
and 16 km marks (Fig. 5a, Plate 1a). An offset ridge line
used to determine the maximum lateral offset of 2.9 m (and
a vertical separation of about 2.0 m) at 16 km is illustrated
in Figure 7. At the 12 km mark, at the north end of Bell Flat,
a stream channel is deflected 2.5 to 2.9 m right-laterally
across two subparalle]l fault strands. Gianella (personal
comm., in Slemmons, 1957) reported “as much as” 4.3 m of
right slip in this general area. However, the exact location
was not reported, and a reexamination of Gianella’s field
notes (University of Nevada, Reno, Library Archives) pro-
vides no confirmation of the measurement. Hence, we cannot
confirm Gianela’s observation. In the vicinity of U.S. High-
way 50, the right component of slip is manifested by a dis-
tinct left-stepping echelon pattern in the fault trace. In this
area, we consider our relatively lesser values of lateral offset
to reflect minimum values because our measurements ac-
count for slip across less than the entire width of the zone
of surface ruptures. Slemmons (1957) documented 1.9 m of
right-lateral offset of the U.S. Highway 50 centerline. This
measurement constrains the amount of net lateral displace-
ment locally and is included in Figure Sa.

Variations in the amount of lateral slip along the Fair-
view fault may in part be due to a lack of preservation of
features during the 40 years subsequent to the earthquake.
However, certain observations indicate that some of the var-
iation is a first order feature of faulting at the surface. For
example, east of Fairview Peak (at the 17 km mark in Fig.
5a), a tree root is offset in a left-lateral sense by about 0.5
and 1.5 m vertically across a local rupture strike of 055° and
constrains the direction of relative motion to 305° across the
fault locally. This direction of motion imposed on the av-
erage strike of 015° for this reach of the fault allows for only
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Figure 6.

Photograph of 1954 scarp along the Fairview fault in the area of maximum

surface displacement (Fig. 4a). In the background is the ridge line shown in Figure 7.
Surveying instrument and tripod are about 1.7-m high. Photo taken 10 May 1994.
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Figure 7. (a) Along-strike and (b) across-strike

profiles of a faulted ridge line along the Fairview fauit
zone about (3.5 cm on map, 1.8 km on ground) south
of Fairview Peak (Plate 1a). View in () is at an azi-
muth of 260° and parallel to the ridge axis. Along-
strike scarp line profiles on the footwall (upper sur-
face) and hanging wall (lower surface) show that the
ridge line is offset in right-lateral sense by 2.9 m and
in a vertical sense by about 2.0 m. The view in (b) is
along fault strike (355°). The profile was surveyed
along the ridge axis and also shows approximately 2.0
m of vertical separation of the ground surface.

a small component of right slip along this reach. Along this
same section of the fault, channel features at two locations
have remained virtually unmodified since the earthquake and
exhibit no measurable right-lateral offset (Plate 1a). When
combining these observations with the consistently small
measures of vertical separation along the fault trace, we in-
terpret that the right-lateral slip deficit between 18 km and
22 km is real rather than due to a lack of preservation of
offset features. Similarly, in the Bell Flat area (south of the
12 km mark on the slip distribution), the greater sinuosity
of the fault trace and general lack of a left-stepping character
in areas of complex scarps are consistent with a lack of strike
slip along this section of the fault. Additionally, the presence
of particularly well-developed grabens along a portion of the
fault trace lying 1 to 3 km north of the salient at Bell Canyon
is consistent with dominantly fault-normal extension in this
area. Hence, the general absence of right-lateral offset along
the fault in Bell Flat also appears to be a first-order feature
of slip at the surface. Slemmons (1957, Fig. 11) reported a
right-lateral offset of approximately 0.5 m along a purely
strike-slip break in the central part of Bell Flat that is no
longer visible today. It is possible that some of the strike-
slip motion that is well expressed farther north along the
Fairview fault may be accounted for by ruptures lying out-
board of the range-front trace in Bell Flat, which are no
longer preserved. Our observations, combined with those re-
ported by Slemmons (1957), indicate that slip was locally
partitioned between the range-front fault (dip slip) and fault-
ing in Bell Flat (strike slip).

Evidence for right-oblique slip is well preserved along
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portions of the West Gate fault (Fig. 5c¢). Eight measure-
ments of laterally offset landforms were obtained along the
fault in the vicinity and north of U.S. Highway 50. Lateral
offsets consistently range between 0.75 and 1.2 m immedi-
ately north of U.S. Highway 50 (between the 8 km and 14
km marks on the slip distribution). Offset of two stream
channels at about the 8 and 10 km marks show lateral slip
of 1.2 m (Fig. Sc, Plate 1a). The measures are slightly larger
than the 0.9-m offset of the U.S. Highway 50 centerline re-
ported by Slemmons (1957), which is also included on the
slip distribution (Fig. 5¢). Vertical separation in the same
area is typically less than the lateral component of offset,
reaching a maximum of 1.1 m near the apex of the large
range-front salient. The short scarp line to the north revealed
no evidence of lateral slip.

Along the Louderback Mountains fault, the most west-
erly striking fault of the 1954 ruptures, right-lateral offsets
of small ephemeral stream channels and ridge lines are very
well preserved. The largest offsets along this fault were prin-
cipally strike slip (Figs. 5d and 8). Preservation of lateral
offsets is concentrated along two sections of the fault, ad-
jacent to the 4 km and 8 km marks of the slip distribution,
where the largest lateral offsets range between 1.5 and 1.7
m. Although we could not confidently measure lateral slip
along the northern two breaks of the fault, a few features
suggested up to 0.5 m of right slip locally. The largest ver-
tical separations of 0.6 to 0.8 m were measured in the areas
of the largest lateral offset. The sense of vertical separation
reverses along two sections of the fault (e.g., negative values
in Fig. 5d), again suggesting primarily strike-slip motion.

Surface breaks along the Gold King fault exhibit only
dip-slip displacement. A maximum vertical separation of 1.0
m was measured near the southern end of the surface trace
at about the 10 km mark (Fig. 5e). Average vertical sepa-
ration along the fault is less than 0.5 m. It is not known
whether the small breaks that formed in alluvium north of
the Louderback Mountains (Plate 1a) (between the 0 and 2
km marks) broke along with the Gold King fault. However,
for simplicity, they are included with the slip distribution
(Fig. 5e).

Vertical separation along the Phillips Wash fault is a
maximum of 0.5 m but generally ranges between 0.2 and
0.3 m along most of the fault trace (Fig. 5f). The sense of
net vertical separation across the zone of faulting consis-
tently shows the east side moving down. Ekren and Byers
(1986) mapped two fault strands within the 1954 rupture
zone and indicated right-lateral motion. Our observations do
not confirm the presence of right slip. In contrast, the distinct
right-stepping echelon pattern to the Phillips Wash fault is
more consistent with the presence of significant left-lateral
displacement. Direct evidence for the amount of left-lateral
displacement is limited to only one observation. A stream
channel near the 4 km mark of the slip distribution is offset
left laterally by 0.8 m (Fig. 5f, Plate 1b). Though Ekren and
Byers (1986) showed right-lateral motion on the 1954 breaks
in this area, they indicated a left-lateral sense of shear on
other (pre-1954) mapped strands of the Phillips Wash fault.
Their interpretation of net left-lateral offset along the Phil-
lips Wash fault is therefore consistent with the suggestion
of left-lateral offset on the 1954 breaks.

Figure 8.
displacement along the Louderback Mountains fault (see Plate 1a for location). View
is to the east. Stick along scarp crest is 1.0 m long. Photo taken 28 September 1995.

Photograph of asymmetric scarp showing evidence for 1954 right-lateral
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Young scarps of the Eastern Monte Cristo Mountains
fault show evidence for right-oblique slip in contrast to the
suggestion of left-oblique slip along the Phillips Wash fault,
though curiously, these faults have about the same strike.
The slip distribution for these 1932(?) breaks is not included
herein. However, field measurements made along these
scarps are shown on Plate 1b. Vertical separations are gen-
erally less than 0.3 m with a maximum of 0.4 m measured
at two locations at the north end of the rupture. Right-lateral
stream channel offsets between 0.8 and 0.5 m were measured
at three locations along the trace. The suggestion of right-
oblique slip along these ruptures is consistent with their for-
mation during the 1932 Cedar Mountain earthquake (as pre-
viously discussed), which was dominantly right lateral
(Gianella and Callaghan, 1933, 1934; Doser, 1988).

The Dixie Valley fault produced mainly dip-slip move-
ment in 1954 (Fig. 5b). Maximum vertical separations of 2.8
and 2.5 m were measured at sites near Coyote Canyon and
IXL Canyon, respectively. The two maximums fall along
pronounced peaks on the slip distribution plot. The areas of
maximum vertical separation are separated by a distinct slip
low centered on the prominent salient along the Stillwater
Range front at Little Box Canyon (Figs. 1 and 5b) where
vertical separation decreases to less than 0.5 m. The slip low
observed at the salient is in contrast with observations along
the West Gate fault that showed the largest offsets along a
prominent range front salient. Vertical separations greater
than 1 m are limited to a 23 km portion of the Dixie Valley
fault between about Coyote Canyon and The Bend. North
of The Bend, vertical separations are relatively small and
decrease almost linearly from 0.7 m to zero at the north end
of the rupture trace. The slip distribution also shows an ap-
proximately linear displacement gradient between IXL Can-
yon (2.5 m) and about Little Box Canyon (less than 0.5 m).
Measurements of vertical separation along the piedmont
scarps in The Bend area are shown separately (squares) from
those along the range front in Figure 5b. Separations gen-
erally range from 0.2 to 0.5 m with a maximum of about 0.7
m at the 28 km mark in the slip distribution (Fig. 5b). A net
down-to-the-west sense of motion across the piedmont
scarps is shown at several locations between the 29 and 31
km marks.

Nineteen observations that indicate a mixture of right-
and left-lateral shear were made along a 22-km-long range-
front portion of the Dixie Valley fault south of The Bend
and north of Coyote Canyon (see annotations, Plate 1a).
However, all 19 observations of shear sense can be explained
by changes in fault strike with respect to an extension direc-
tion of 274 + 15° (Fig. 9), which is approximately perpen-
dicular to the average strike of the fault south of The Bend.
Shear sense is mostly shown by right- and left-stepping ech-
elon normal fault scarps that formed obliquely to the main
fault trace and that indicate components of left- and right-
lateral shear, respectively (e.g., Withjack and Jamison,
1986), although there are two observations of actual lateral
offset in the Coyote Canyon area, and these are noted on
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Figure 9. Diagram showing the inferred extension
direction (slip azimuth) for the Dixie Valley fault rup-
tures south of The Bend. Thick lines represent the
strikes of different fault reaches that show evidence
for right-lateral shear on northwest-striking reaches
(shaded lines) and left-lateral shear on northeast-strik-
ing reaches (solid lines). Strike lines labeled “2” rep-
resent observations of right-lateral shear sense on two
different fault reaches with the same strike. The di-
rection of extension is inferred to lie between the two
families of dashed lines drawn perpendicular to the
thicker strike lines. The exte