Downloaded from fieldguides.gsapubs.org on December 7, 2012

Historical surface faulting and paleoseismology of the central Nevada seismic belt 33

Figure 9. Photograph looking south along the Fairview Peak scarp at the main site showing the location of the right-
lateral ridge crest offset and the site of the exploratory trench (photograph by D.B. Slemmons, 1966).

Qfi deposits indicate that the Fairview fault had not ruptured for
at least 35 ky prior to 1954.

Stop 5. Compound scarp in northern Bell Flat

Directions: Continue south on Fairview Peak road from main
site for 2.2 mi (3.6 km); the 1954 scarp is located ~100 m west
of the road.

At this location in northern Bell Flat, the 1954 rupture lies
along a 1 km left-step in the Fairview fault zone (Fig. 10). Qfi
and younger deposits are offset only by the 1954 rupture, but
remnants of the older Qfo fan deposits are offset by the 1954
and one additional older event forming a compound scarp with
6.5 m of net vertical separation (Fig. 8b). Vertical separation as-
sociated with the earlier event (~3.5 m) was comparable in size
to that in 1954 (~3.0 m) (Fig. 8b). Qfm deposits are vertically
separated across a single event 1954 rupture by ~2.3 m several
hundred meters north of the profile shown in Fig. 8b. Caskey
et al. (1996) identified as much as 2.5 m of right-lateral offset
near this site, but comparable lateral offsets related to the older
event are not evident.

The penultimate event therefore predates the 35.4 ka Qfi
deposits and postdates Qfo deposits estimated to be between
100-200 ka in age. The age estimate for Qfo deposits thus pro-
vides an approximate maximum limiting age for the event. The
lack of prehistoric faulting in Qfi deposits and the evidence for
a single earlier event in Qfo deposits indicate that the Fairview
fault is a low slip rate fault (<0.1 mm/yr).

DAY 2. DIXIE VALLEY: LA PLATA CANYON
TO THE BEND

Stop 6. La Plata Canyon fault scarp

Directions: From Fallon, head east along U.S. Highway 50
from U.S. Highway 95 intersection for 40 mi (64 km) to State
Highway 121 turn north. From Stop 5, return to U.S. Highway
50, head west for 1.8 mi (2.9 km) to State Highway 121 turn
north. Proceed north for 2.7 mi (4.3 km) to intersection of dirt
roads marked by a sign to Wonder, a mining camp located in the
Louderback Mountains to the northeast; take the dirt road that
heads northwest and continue 6.8 mi (10.9 km) across southern
Dixie Valley to the La Plata Canyon fault scarp.

The La Plata Canyon fault is one of several parallel faults
located in the left step-over region between the 1954 Fairview
Peak and Dixie Valley rupture zones (Fig. 3). Although it did not
rupture in 1954, it exhibits one of the largest Holocene scarps in
the region, and it is considered an important structure for un-
derstanding the temporal and spatial pattern of faulting in this
part of the CNSB. Map relations suggest that the La Plata
Canyon fault may be structurally connected with the Sand
Springs Range fault to the south.

The scarp at this location is ~2 km in length and ~7 m in
height, cutting Qfm fan deposits (Fig. 11). Topographic pro-
files across the scarp indicate that the Qfm fan surface has 5 m
of vertical separation. Unpublished surficial mapping by Luca
Guerrieri in 1998 indicated that Qfm consists of two distinct
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Figure 10. Generalized surficial geologic map showing the 1954
Fairview Peak rupture traces between the main site and Bell Flat.

fan surfaces at this location, the younger fan being inset 1-2 m
below the older surface. Qfy fan deposits occur as wash ter-
races inset into Qfm, and they are offset by a 0.3-1.0 m
high scarp.

An exploratory trench across the fault at this site (Fig. 12)
revealed faulted Qfm alluvial fan deposits and a stacked se-
quence of four colluvial wedge deposits. The three oldest collu-
vial wedges account for most of the measured offset; they are
separated from the most recent wedge by an incipient argillic
(Btj) soil horizon. The youngest colluvial wedge is associated
with the most recent 0.5-1.0 m scarp. Although numerical age
dates have not yet been obtained from Qfm deposits exposed in
the trench, the regional stratigraphic relations indicate that the
four faulting events are younger than the high shoreline of Lake
Dixie, ~11-12 ka, with the most recent event probably occur-

changes and earthquake triggering during the
December 16, 1954, sequence

Directions: Return to State Highway 121 (Dixie Valley Road)
and turn north; continue 5.5 mi (8.8 km) to cattle gate along
fence line to the east; proceed through gate on jeep trail; jeep
trail crosses wash and turns north for ~1.0 mi, and eventually
east up a dry wash, proceed up wash for another ~1.0 mi.

The Louderback Mountains fault (LMF) trace extends for
a distance of 14 km along the west side of the Louderback
Mountains (Fig. 3). Surface ruptures along the fault can be
traced south to within ~100 m of the north end of the Fairview
fault ruptures. This particular fault strand and several strands to
the north were not mapped in Slemmon’s original (1957) study.
1954 surface displacements on the LMF were dominantly
right-lateral, and reach upwards to 1.0-1.5 m on this strand.
The laterally offset geomorphic features along this section of
the fault are not the best-preserved examples for the LMF, but
the most accessible.

At this location, the LMF ruptures broke along a well-
preserved paleoscarp that exhibits up to ~1.5 m of vertical sepa-
ration. The paleoscarp is developed on dissected fan deposits
that probably correlate with older variety Qfm deposits of Bell
and Katzer (1987, 1990), based on the well-developed desert
pavement, the mottled appearance of the fan surface on air pho-
tos, and relatively weak soil development. This implies that the
paleoscarp is early Holocene or younger. Additionally, the deep
erosional down-cutting of the fan unit and the similar deep dis-
section of older fan units and local pediment surfaces observed
elsewhere in this region are a relatively recent geomorphic re-
sponse to changes in climatic, and probably to some extent, tec-
tonic conditions.

The detailed field observations of Caskey et al. (1996) de-
scribing fault geometry and both the amount and sense of slip
along each fault of the rupture sequence provided the basis to
examine three-dimensional static stress changes and earthquake
triggering during the rupture sequence (Caskey and Wesnousky,
1997). Using the approach of Reasenberg and Simpson (1992)
and Stein et al. (1992), static stress changes resulting from slip
on individual fault ruptures were calculated for different stages
of the northward propagating sequence. The primary results of
the study can be summarized as follows: 1) Static stress changes
imposed by rupture of the Fairview Peak earthquake are in the
correct sense to explain the northward propagation of faulting
along the four distinct faults that comprise the Fairview Peak
earthquake and subsequent triggering of the Dixie Valley earth-
quake; 2) The Louderback Mountains and the Gold King faults
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played an important role in the transfer of stress change and
triggering of the Dixie Valley earthquake; 3) The location of
rupture endpoints correspond to areas where stress changes
acted to inhibit rupture propagation. Hence, the stress changes
may have played a role in controlling the extent of fault rup-
tures; and 4) The largest coseismic surface displacements tend

Qfmg

Figure 11. Low-sun-angle aerial photo-
graph of the La Plata Canyon scarp
showing the location of the exploratory
trench.

to correlate with those sections of the faults showing the largest
positive stress change (generally >4-6 bars) from preceding
ruptures. The observations raise the interesting possibility that
slip was not merely triggered, but that localized large stress
changes may have somehow prepared the fault in such a way as
to allow for greater coseismic slip locally during rupture.

Figure 12. Exploratory trench log at La Plata Canyon (see Fig. 11 for location).
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Stop 8. Big Box-Little Box Canyon scarps: Geologic and
geophysical evidence for low dip on the Dixie Valley fault

Directions: Return to Dixie Valley Road and continue north 14.6
mi (23.5 km); turn west on jeep trail; proceed along jeep trail to
Stillwater Range front at Big Box Canyon.

Despite a growing body of geological and geophysical evi-
dence arguing for the existence of active low-angle normal faults
in seismogenic crust (e.g., McDonald, 1976; Johnson and Loy,
1992), the paradox of the near-complete absence of low-angle
normal faulting events in the seismic record remains. Caskey
et al. (1996) reported data and a number of observations that
strongly suggest that at least a 15-20-km-long section of the Dixie
Valley fault rupture (between just north of Coyote Canyon and
The Bend (Fig. 3) broke along a low-angle fault (~25-30°). Many
of those observations are well-expressed along the range front
ruptures between Little Box and Big Box canyons (Fig. 13) in-
cluding: 1) a prominent low-angle fracture set within Tertiary
granitic footwall rocks; The low-angle fractures parallel the en-
tire sinuous range front trace from north of Coyote Canyon to just
south James Canyon (Fig. 3) where the footwall rocks change to
metasedimentary rocks; 2) graben profiles showing greater heave
(fault normal extension) than vertical separation (Fig. 8c—e); This
relation requires that the fault dips <45°. Balanced cross-sec-
tional models of a graben at East Job Canyon, 3 km to the north-
west, suggest that fault dip shallows in the subsurface to a dip of
25°-30°. 3) Three-point solutions for fault line elevation surveys
at Little Box Canyon and James Canyon (Fig. 14).

Abbott et al. (in review) conducted seismic reflection and
gravity experiments in the piedmont area of Willow Canyon
(Fig. 3) to test the low-angle fault hypothesis of Caskey et al.
(1996). The results of both high and medium resolution reflec-
tion surveys show profiles of a smooth fault plane dipping at
25°-30° to depths of 50 m and 500 m, respectively (e.g., Fig. 15).
The medium resolution profile also shows stratigraphic trunca-
tions, hanging wall rollovers, and a slightly listric fault geome-
try (shallowing to <25°) at 1-2 km depths. Gravity profiles
constrain a conservative maximum basin depth and define an es-
sentially identical low-angle subsurface fault geometry to depths
of >2 km. Unless the Dixie Valley fault becomes steeper at
greater depths (which seems unlikely since it appears to show
listric geometry above 3 km depth), then the results appear to
mark the first on-land example of a historical large magnitude
earthquake rupturing on a low-angle normal fault.

Stop 9. Mazama Ash Exposure

Directions: Return to Dixie Valley Road and continue north 1.3 mi
(2.1 km); turn east on Cattle Road; proceed for 0.4 mi (0.6 km).
The channel incision at this location exposes thick deposits
of Mazama tephra (6.85 ka). The Mazama ash provides an im-
portant marker in the region for sorting out absolute and relative
ages of surficial deposits as well as the timing of Holocene pa-
leoseismic activity. The ash is also useful for deciphering im-
portant information regarding paleoclimatic fluctuations in the

Figure 13. Low-sun-angle photograph of the Dixie Valley Range front
surface ruptures in the vicinity of Little Box and Big Box Canyons.
Note the well-developed fault trace grabens and left- and right-stepping
en echelon scarp patterns north and south of The Bend in fault trace at
Little Box Canyon. Scale is approximately 1:12,000.

Holocene. For example, at this location, and also along Dixie
Settlement Road, ~4 km to the north, Mazama ash lies within
fluvial deposits. At the northern site, the tephra lies at an eleva-
tion of 1055 m (3460 ft). Approximately 15 km farther north, at
Dixie Hot Springs the Mazama ash lies within what appear to be
lacustrine deposits at an elevation of 1046 m (3430 ft) (Stop 12).
These relations indicate that a sizable lake, with a high stand that
reached an elevation between 3430 and 3460 ft (1046-1055 m),
occupied Dixie Valley at 6.85 ka. This translates to a water
depths of 15-24 m. We can therefore infer that the Great Basin
was probably experiencing a slightly cooler and/or wetter cli-
mate during the time of the Mt. Mazama eruption.

Stop 10. IXL Canyon Fault Scarp

Directions: Continue north along Dixie Valley Road 2.7 mi
(4.3 km); turn west; take south (left) fork in road and proceed
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Figure 14. Fault line surveys along the Dixie Valley fault at (a) Little Box Canyon and (b) about 0.5 km southeast
of James Canyon (Fig. 3). Survey points are show with their respective relative elevations in meters. The fault line
at Little Box Canyon (a) lies entirely within alluvium. Three point solutions suggest that fault dip is ~32° at Little
Box Canyon between relative elevations of 8.6 m and 0.5 m, and 20°-30° near James Canyon within the 65 m of

elevation of the survey area.

2.1 mi (3.3 km) to range front fault scarp at the mouth of
IXL Canyon.

The Stillwater Range is uplifted along a normal fault, here
called the range-front fault, and along a series of synthetic, anti-
thetic, and nested graben faults lying a few kilometers to the
east, collectively called the piedmont fault zone (Fig. 16; Bell
and Katzer, 1987). From the turnoff at Settlement Road, the dirt
road to IXL Canyon crosses the piedmont fault zone ~0.9 km
east of the range front where prominent scarps and graben as
much as 15 m in height cut Qfo alluvial fan surfaces (Fig. 17).
The 1954 event produced 3.5-4.0 m high scarps on the range
front fault (1.5-2.5 m of vertical separation; Caskey et al., 1996)
and 0-50 cm of offset on the piedmont scarps.

Paleoseismic studies in The Bend area (Bell and Katzer,
1990) indicated that late Quaternary faulting has migrated sev-
eral times between the range-front and piedmont fault zones.
The most recent event prior to 1954, termed The Bend event, oc-
curred on the piedmont fault zone, and it produced 3 m high
scarps comparable to those formed in 1954. In contrast to the
1954 rupture, however, surficial evidence indicated that no dis-
placement occurred on the range-front fault during The Bend
event. Other older events are preserved along the range-front
fault, such as at IXL Canyon where Qfo deposits are offset
~12 m by pre-1954 faulting. North of IXL Canyon, Qfi fan de-
posits are offset by a single event that produced a 2.5-3.0 m high
scarp; this event, which preceded The Bend event, is called the
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Figure 15. Common depth point (CDP) stack of high-resolution seismic reflection profile near the range front
trace of the Dixie Valley fault near Willow Canyon (Abbott et al., in review) (Fig. 3). The Dixie Valley fault
is represented by the prominent reflector that dips ~30° between 40—150 ms, and shallows to <25° below
150 ms. Note that there is no vertical exaggeration to the profile. The superimposed line drawing is from a
balanced cross sectional profile of a graben at East Job Canyon (Caskey et al., 1996) ~2 km to the north.

IXL event and is the oldest mappable rupture in central Dixie
Valley, extending the length of the 1954 rupture zone. Collec-
tive offsets on the range-front and piedmont faults associated
with all events that cut Qfo and younger fan deposits indicate
that late Quaternary slip rates are between 0.2-0.5 mm/yr.

DAY 3. THE BEND TO THE STILLWATER GAP
Stop 11. The Bend event fault scarp and 1954 liquefaction-
related features

Directions: Return to intersection of Dixie Valley Road and Settle-
ment Road (i.e., the turnoff to Stop 10); road turns to gravel;

continue 3.2 mi (5.2 km) north along Dixie Valley Road; park on
shoulder; hike ~400m west to small piedmont escarpment.
Some of the best examples of lateral spreads produced dur-
ing the 1954 earthquake are expressed along the traverse from
the road to piedmont fault scarp. Lateral spreads are liquefaction-
induced structures that develop from down-slope movement of
cohesive material atop a liquefied layer of large areal extent. The
areas along the basin margin were highly susceptible to lique-
faction during the 1954 event, evidenced by the formation of nu-
merous sand boils and lateral spread features such as fissures,
sinkholes, and small grabens. 1954 liquefaction-induced fea-
tures formed discontinuously along the general fan piedmont-
basin floor boundary for a distance of ~24 km (Slemmons, 1957;
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Caskey et al., 1996). Impressive as some of these 1954 features
are, they are dwarfed in comparison to lateral spreads formed
during the mid- to late Holocene Bend event. We’ll observe ex-
amples of these Holocene features at Stops 12 and 14.

The 2-3 m scarp ~400 m west of the road is principally re-
lated to faulting produced by The Bend event, with =50 cm of that
offset produced by 1954 faulting. The Bend event was associated
with surface faulting that extended along the piedmont fault zone
from Willow Canyon north into the Stillwater seismic gap, with
an end-to-end length of at least 45 km and overlapping the 1954
rupture zone by ~22 km. Exploratory trenching on the scarp at
this location and at the southern end of the rupture near Willow
Canyon revealed that Qfm, Qbg, and lower Qfy deposits are oft-
set 1.5-2.5 m by a single pre-1954 event. As discussed at the next
stop, The Bend event produced much larger displacements in the
Stillwater gap area where it is the only surface rupturing earth-
quake to have occurred in the last 12 ka. Surficial mapping by
Bell and Katzer (1987) demonstrated that the age of The Bend
eventis bracketed by the Mazama and Turupah Flat ash beds (i.e.,
between 6.85-1.5 ka) from faulted Qfm and unfaulted Qfy de-
posits. The Bend event scarps typically exhibit steep scarp slope
angles. Larger scarps to the north commonly lie at angle of repose
for unconsolidated gravel (e.g., ~30°, Figure 8f). Diffusion equa-
tion models of The Bend event scarps suggest they may be as
young as a few thousand years (Hecker, 1985; Pearthree, 1990).

Summary of paleoseismic data for the Dixie Valley—
Fairview Peak fault zones

Results of event timing derived from paleoseismic studies
in the 1954 Fairview Peak and Dixie Valley rupture areas show
a widely diverse range in slip histories, and that the historical
pattern of faulting does not mimic prehistoric patterns of fault-
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Figure 16. Oblique aerial photo of The
Bend area along the Dixie Valley fault in
the vicinity of Stop 10. View is to the
southwest.
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ing during ~the last ~100 ka. In central Dixie Valley, the penul-
timate event is dated at between 1.5-6.85 ka, and an older event
is bracketed by the Qfm (<12 ka) and Qfi (35.4 ka) fan deposits;
slip rates are on the order of 0.2—0.5 mm/yr. In contrast, the age
of the penultimate event on the Fairview fault is at least 35.4 ka
in age and apart from the 1954 rupture it is the only event to rup-
ture the fault during at least the last ~100 ka. The late Quater-
nary slip rate of the Fairview fault is <0.1 mm/yr. The La Plata
fault which[KB1] lies at the stepover between the Dixie Valley
and Fairview Peak rupture zones did not rupture in 1954, but ex-
hibits evidence for 4 faulting events in the last ~12 ka, the most
recent probably occurring in the last ~1 ka. The minimum latest
Pleistocene and Holocene slip rate for the La Plata fault is esti-
mated at 0.4-0.5 mm/yr.

Although the historical pattern of faulting does not mimic
recognizable prehistoric patterns, the available data cannot rule
out previous Holocene temporal belt-like behavior. For example,
multiple Holocene ruptures have occurred on the southern Dixie
Valley fault (e.g., the La Plata site) and Four Mile Flat fault, and
Holocene ruptures have occurred on the Louderback Mountains
fault, the Stillwater gap segment of the Dixie Valley fault, and
along the west side of the Stillwater Range (Dohrenwend et al.
1996; Caskey et al. 1996). Within our current level of resolution,
we cannot rule out that these fault zones ruptured in a narrow time
span during the past 1.5-6.85 ka (i.e., age of The Bend event).

The widely differing slip histories of historically active
faults of the CNSB suggest that conventional paleoseismic pa-
rameters, such as slip rate and recurrence interval, may not be
reliable criteria for distinguishing the hazards in the CNSB from
other seismically active areas of the western Basin and Range.
As noted by Bell et al. (1999), historically inactive faults lying
outside of the CNSB have substantially higher slip rates. The
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Figure 17. Dixie Valley surficial map.

<1 to <0.1 mm/yr slip rates estimated for faults in this portion
of the CNSB are characteristic of many low- to moderate-slip
rate normal faults in the western Basin and Range, and these
rates are exceeded by those along other faults in the region, such
as the Genoa fault which[KB2] exhibits a late Quaternary slip
rate of 1-2 mm/yr (Ramelli et al., 1999).

Stop 12. Lateral Spread (?) Paleoscarps, Mazama Ash
Exposure, Qfm Fan Deposits, and Northern Extent of the
1954 Rupture Zone

Directions: Continue 6.4 mi (10.3 km) north on Dixie Valley
Road; park on road shoulder at dirt cross road from the east.

The large scarp at this location (Figure 18) is interpreted to
be a lateral spread formed in response to liquefaction during
the mid- to late Holocene Bend event rupture (1.5-6.85 ka).
The isolated mound several meters west of the road exposes
the stratigraphic section that is broken along the scarp. The sec-
tion consists of Mazama ash-bearing lacustrine deposits over-
lain by Qfm fan deposits. The correlation of timing to The
Bend event scarps is based on similar degrees of scarp preser-
vation, proximity to The Bend event ruptures, and the fact that
both are constrained to have occurred since the deposition of
Mazama ash. The lateral spread interpretation is based on the
scalloped-shaped nature of the scarps, an abundance of fissure-
like scarp features within the footwall block, the distribution of
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Figure 18. Low-sun-angle photograph of large lateral spread scarps

near Dixie Hot Springs (Stop 12). Scale is ~1:12,000. See text for
discussion.

fragmented blocks that emanate from the head scarps in appar-
ent raft-like fashion (Fig. 18), the close proximity to the basin
margin and high water table, and soft-sediment (liquefaction)
features expressed locally on cleaned exposures of the dis-
rupted sediments. Lateral spread paleoscarps of similar size
formed along most areas along the fan piedmont-playa floor
boundary, a distance of >20 km. In other cases the lateral
spreads are mostly expressed as grabens, across which[KB3]
there is no discernable vertical separation of the broken fan
surfaces. What happened to the bulk of the hanging wall block
at this location is problematic. However, the fragmented nature
of hanging wall remnants and the irregular nature of landforms
within the salt marsh to the east suggest that significant flow
failure and subsidence may have accompanied liquefaction.
Shoreline processes from subsequent, low-level lake stands
may have also contributed to removing or obscuring hanging
wall remnants.

The area along the range front at this location, marks the
northernmost surface ruptures of the 1954 earthquake. Bend
event paleoscarps are well preserved locally along the range
front, and exhibit up to ~2 m of vertical separation along this
section of the fault. Vertical separations across Bend event

scarps increase to a maximum of ~5 m approximately 6 km to
the north.

Stop 13. Stillwater Gap and surveys of pluvial Lake Dixie
shorelines

Directions: Continue north on Dixie Valley Road 4.4 mi (7.1 km);
park on road shoulder.

This location lies well within the Stillwater (seismic) gap
(Wallace and Whitney, 1984), a 45 km-long section of the Dixie
Valley fault (a.k.a. the Old Stillwater fault) that lies between
the 1915 (M7.7) Pleasant Valley and 1954 (M6.8) Dixie Valley
fault rupture zones to the north and south, respectively (Fig.1).
Although the Stillwater Gap has not ruptured historically,
Holocene scarps have been mapped discontinuously along most
of its length. For example The Bend event ruptures overlap with
the 1954 ruptures by ~22 km and have been mapped northward
into the gap for at least another 23 km (Caskey and Wesnousky,
2000). The total length of 45 km together with an average slip
for the event of ~2.0-4.0 m (Caskey, unpub. data) equate to an
estimated moment magnitude of 7.1-7.3 for The Bend event.
Holocene ruptures have also been mapped along the northern-
most section of the fault (Wallace and Whitney, 1984; Fonseca,
1988; Pearthree, 1990; Caskey and Wesnousky, 2000). It is un-
certain whether the scarps in northernmost Dixie Valley formed
during The Bend event. However, scarp profile analyses of
Pearthree (1990) suggest that the northernmost scarps may be
slightly older than The Bend event scarps.

At this location Thompson and Burke (1973) surveyed ele-
vations of high-level pluvial Lake Dixie shorelines at three sites
along the range front to estimate net Holocene offsets and fault
slip rates across the fault (Fig. 19). The southernmost shoreline
lies within the footwall of the Dixie Valley fault and is marked
by a cemented beach gravel strand line ~10 m above the base of
the range front. The middle site consists of cemented beach
gravel deposits that form a prominent beach terrace. Thompson
and Burke (1973) interpreted this site to lie between two active
strands of the fault. A piedmont strand broke during The Bend
event rupture. This strand is clearly visible on the valley side of
the terrace where it exhibits 5.0 m of vertical separation of the
ground surface (Fig. 8f). The range front strand lies west of the
bedrock knob on which the terrace is formed, and does not ap-
pear to show Holocene offset at that location (Caskey, unpub.
data). Hence the beach gravel terrace, like the cemented beach
gravel strand line to the south appears to lie entirely within the
footwall of The Bend event ruptures. The northernmost shore-
line is marked by rounded beach gravel deposits along the high-
est of a series of strand lines notched into older alluvial fan
deposits.

Thompson and Burke (1973) concluded from their survey
that the three shorelines (from south to north) lie at elevations
of 1090 m (3574 ft), 1087 m (3566 ft), and 1080 m (3544 ft),
suggesting a total vertical separation >9 m (30 ft). They inter-
preted this to mean that the shorelines were offset by two or
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Figure 19. Low-sun-angle-photograph showing survey site and eleva-
tions of pluvial Lake Dixie shorelines (black arrows) of Thompson and
Burke (1973) (values in parentheses) and Caskey et al. (in review) (val-
ues not in parentheses). Mid- to Late Holocene “Bend event” fault trace
is marked by white arrows. Elevations of Caskey et al. were determined
using a Total Station and calibrated to BM elev. 3406.7 (adjusted Na-
tional Geodetic Survey elevation). See text (Stop 13) for discussion.

more episodes of post-Lake Dixie (post-12 ka) faulting. From
this data, they calculated Holocene extension rates of ~1 mm/yr.

Thompson and Burke’s (1973) results have been problem-
atic because the tectonic geomorphology of scarps along the
range front indicates the occurrence of only one post-Lake Dixie
surface faulting event (i.e., The Bend event). Furthermore, maxi-
mum vertical offsets measured along Bend event ruptures are
only 5-6 m (Caskey, unpub. data). For these reasons we resur-
veyed the three sites (twice) during summer 1999 using a Total
Station. Contrary to the previous survey, our results showed that
the three sites (from south to north) lie at elevations of 1095.6 m
(3593.5 ft), 1095.4 m (3593.1 ft), and 1090.2 m (3575.9 ft), a
net difference in elevation of only 5.4 m. Our recent survey re-
sults are therefore consistent with the post-Lake Dixie strati-
graphic and structural relations along the fault and preclude the
earlier, erroneously high extension rate calculations. The new
data indicate a maximum extension rate of ~0.6 mm/yr (using

similar geometric constraints as Thompson and Burke (1973))
averaged over an incomplete seismic cycle. This maximum rate
is more in accord with rates averaged over similar and longer
time intervals for the Dixie Valley fault (this study; Thompson
and Burke, 1973; Bell and Katzer, 1990). Within the uncertain-
ties associated with identifying “high-stand” shorelines, local
tectonic effects, and possible influences from isostatic rebound
of pluvial Lake Lahontan basin to the west (Adams and Wes-
nousky, 1999), Lake Dixie appears to have reached a high stand
elevation of 1090-1095 m (3575-3590 ft).

Stop 14. Lateral spread graben and imbricated lake sediments

Directions: Continue north on Dixie Valley Road 1.8 mi (2.9 km);
pull into graded area around conspicuous pipe (geothermal well);
park; proceed on foot ~0.3 km southeast to edge of playa.
Approximately 1 km west of this location (Fig. 20) is a
large lateral spread graben (Fig. 8g) that is interpreted to have
formed during the mid to late Holocene Bend event. The graben
is ~50 m wide. Valley-facing scarps along the graben are up to
8 m high. There is no discernible net vertical separation across
the graben (Fig. 8g). Lateral spreads of this magnitude would
seem to require the presence of downslope free faces, such as
those found along stream banks or fault scarps, in order to allow
for basin-ward movements. In this case however, downslope
movement has apparently been accommodated by intense thrust

lateral spread
graben

; } graben profile
- 1 (see Figure 8g)

Figure 20. Low-sun-angle photograph of lateral spread graben and
folded and thrusted lacustrine strata that fringes the playa margin.
Other lateral spread features are marked by white arrows. Note the
prominent “Bend event” scarps along the range front to the west. See
text (Stop 14) for discussion.
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imbrication and folding of lacustrine sediments along the playa
margin (e.g., Obermeier, 1987). The elongate landforms that
fringe the playa margin at this location (Fig. 20) are actually thin
thrust sheets of lake deposits that contain the Mazama ash. The
post-Mazama age constraint makes it likely that disruption of
the lake sediments occurred contemporaneously with the lateral
spreads and faulting along the range front. Mazama ash-bearing
sediments are repeated at least 14 times across the disrupted
zone, mostly above west-vergent thrust “faults.” East of the
zone of disrupted sediments, the Mazama ash lies at a shallow
depth of 0.5 m below the surface, indicating that the detachment
zone for the small “thrust belt” also lies at a very a shallow
depth. The ash bed is almost everywhere associated with an
overlying, well-indurated salt layer that has apparently given
rigidly to the lake sediments and allowed for the somewhat
regular “fold and thrust belt” geometry to develop. We find
similarly deformed lake sediments everywhere along the playa
margin where large-scale lateral spreads formed upslope. The
large distances between lateral spread head scarps and disrupted
lake sediments (up to 1.5 km) indicate the presence of a subsur-
face liquefied zone of enormous areal extent.

David B. Slemmons, Honorary Field Trip Leader

This field trip is dedicated to David B. “Burt” Slemmons,
Professor Emeritus of Geology at the University of Nevada,
Reno, for his pioneering work in active faulting and paleoseis-
mology. Burt’s active faulting studies began at many of the sites
that will be visited on this field trip, and he will be contribut-
ing his historical observations to this trip as Honorary Field
Trip Leader.

As a fresh Ph.D. graduate from the University of Califor-
nia, Berkeley, Burt began his career at the University of Nevada,
Reno, in 1951 when he was hired as an Assistant Professor to
teach courses as a “hardrock” instructor in petrology and pet-
rography. At that time, Burt was also selected to supervise the
University of Nevada Seismographic Station (now the Seismo-
logical Laboratory) of which he was the head from 1952-1964.
When the series of ground-rupturing earthquakes occurred in
the Rainbow Mountain, and Dixie Valley—Fairview Peak areas
in 1954, Burt was one of the first geologists in the field mapping
and documenting the surface faulting, as seen in this vintage
photograph taken by Karl Steinbrugge in 1954 of Burt standing
by the Fairview Peak scarp. His paper “Geological Effects of the
Dixie Valley-Fairview Peak, Nevada, Earthquakes of Decem-
ber, 16, 1954” published in the Seismological Society of Amer-
ica Bulletin is a classic reference for anyone studying the
contemporary tectonics of the Basin and Range Province. His
research on the 1954 rupture zone contributed to his receiving
the G.K. Gilbert Award in Seismic Geology from the Carnegie
Institute in 1962.

During his subsequent years at Nevada, Burt continued to
specialize in active fault research, perfecting his trademark
methodology, the use of low-sun-angle aerial photography. He

educated and advised dozens of undergraduate and graduate stu-
dents (as well as colleagues), many of whom have gone on to
become well-known neotectonics experts in teaching, research,
and geotechnical consulting. Since retiring from the University
of Nevada in 1989, Burt has continued to be active in various
seismology research projects, including the assessment of seis-
mic hazard at the proposed high-level nuclear waste repository
site at Yucca Mountain. Burt and his wife Ruth presently live in
Las Vegas, where Burt is studying the seismic activity of south-
ern Nevada.
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