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TECHNICAL REPORT

BACKGROUND

The contemporary seismotectonics of the western Basin and Range province are largely related to
a broad zone of diffuse right-lateral shear separating the Sierra Nevada microplate from the Basin
and Range (Thatcher et al., in press; Fig. 1). The Walker Lane (WL) is a northwest-trending, 700-
km-long zone of late Cenozoic strike-slip faulting which forms a narrow structural-physiographic
line in western Nevada. The term Walker Lane belt describes a wider range of strike-slip features
lying between the Sierra Nevada on the west and the original Walker Lane on the east.

The central Nevada seismic belt (CNSB) is a semi-continuous, north-northeast-trending zone of
large-magnitude historical seismicity and surface faulting which splays from the WL (Fig. 1).
Modern deformation within the WL region is best illustrated by the1932 Cedar Mountain
earthquake (M 7.2) (Bell et al., 1999) and the1954 Fairview Peak (M 7.2), 1954 Dixie Valley
(M6.8) (Caskey et al., 1996), and 1954 Rainbow Mountain sequence (M6.6, 6.8) (Caskey et al.,
1999), which collectively formed a continuous, left-stepping rupture zone nearly 200 km in length
extending from the northwest-trending Walker Lane Fig. 2)| Other principal surface faulting
events in the CNSB include the 1903 Wonder (M>6.5), 1915 Pleasant Valley (M7.6), and 1934
Excelsior Mountain (M6.5) events.

This study examined the paleoseismic history of a selected portion of the central Nevada seismic
belt through Quaternary stratigraphic and trenching investigations in the 1954 Fairview Peak and
1954 Rainbow Mountain fault zones. This study was conducted jointly with NEHRP External
Award Project 1434-HQ-98-GR-00016 “Surface faulting and slip distribution for the 1954
Rainbow Mountain and Stillwater earthquakes”, and some portions of this study (cf., age dating)
were performed in support of that project. Detailed paleoseismic studies were conducted within
the 1954 Fairview Peak rupture zone and along faults structurally connecting the Fairview Peak
and 1954 Dixie Valley fault zones, and the results were integrated with previous paleoseismic
results in the Dixie Valley and 1932 Cedar Mountain rupture zones (Bell and Katzer, 1990; Bell et
al., 1999).

INVESTIGATIONS UNDERTAKEN
The principal topics addressed by the study included:

. The nature of neotectonic processes in historical rupture zones of the western Basin and
Range Province.

. The paleoseismic behavior of non-historical, late Quaternary faults within and adjacent to
historical rupture zones.

. The significance of slip rates and other paleoseismic parameters in defining seismogenic
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Figure 1. Principal seismotectonic features of the western Basin and Range province showing
Walker Lane region and major Quaternary faults and historical surface ruptures (bold). Historical
faulting events associated with the central Nevada seismic belt include 1903 Wonder (WON),
1915 Pleasant Valley (PV), 1932 Cedar Mt (CM), 1934 Excelsior Mt (EM), 1954 Fairview Peak
(FP), 1954 Dixie Valley (DV), and 1954 Rainbow Mt (RM) events. Study area for this project is

outlined.




potential of historical and non-historical faults.

The frequency and significance of spatially and temporally clustered surface faulting.

Detailed chronostratigraphic mapping was conducted along the Fairview Peak rupture zone
utilizing 1:12,000-scale low-sun-angle aerial photography; the surficial mapping was combined
with the detailed fault mapping of Caskey et al. (1996). Stratigraphic units were delineated based
on soil-geomorphic relations described in Bell and Katzer (1990) and Bell et al. (1999). Age
constraints for the units were developed through conventional radiocarbon and tephrochronology
analyses. Quaternary tephra beds found in several chronostratigraphic and trench units were
submitted to Andrei Sarna-Wojcicki at the U.S. Geological Survey for microprobe analysis and
chemical identification.

Four exploratory trenches were excavated across traces of 1954 and older faults

. Fairview Peak trench located on scarp at main 1954 Fairview Peak faulting site.
. Bell Canyon trench located at southern end of 1954 Fairview Peak fault trace.
. La Plata trench located on 7-m-high Holocene scarp situated at the left step-over between

surface ruptures of 1954 Fairview Peak and 1954 Dixie Valley zones.

. Rainbow trench located on southeastern trace of 1954 Rainbow Mountain rupture zone in
Fourmile Flat.
RESULTS

Radiocarbon dating and tephra analyses

Results of radiocarbon dating are listed in[Table 1|, and summary results of volcanic tephra
correlations are listed in| Table 2.| Detailed tephra chemistries and best-fit correlation data are

provided in Appendix 1. |

Fairview Peak

Detailed chronostratigraphic mapping along the Fairview Peak rupture zone revealed a
series of allostratigraphic units correlative with similar soil-geomorphic units delineated in the
Dixie Valley zone by Bell and Katzer (1990). Four principal units are recognized:

. Qfy, late Holocene alluvial fan deposits; contains several regionally extensive Mono
Craters tephra beds radiocarbon dated at <2.0 ka.
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Figure 2. Map showing location of historical surface ruptures (bold), and other Holocene and
undifferentiated late Quaternary faults in the Fairview Peak, Dixie Valley, and Carson Sink region.
Historical rupture zones include: 1903 Wonder, 1954 Fairview Peak, 1954 Dixie Valley, and 1954
Rainbow Mountain. Exploratory trench sites are circled; locations are indicated for tephra beds (T) and

radiocarbon (RC) samples listed in|Tables 1jand[2]




Table 1. Tephra samples collected from 1954 Rainbow Mountain, Dixie Valley, and Fairview
Peak fault zones with best matches based on chemical correlations . Tephra analyses,
correlations, and estimated ages provided by Andrei Sarna-Wojcicki, U.S. Geological Survey.

Tephra sample number | Sample location Best matches Estimated age
('*C ka)
RM34A1 Faulted Lake Lahontan Wilson Creek bed 27.6-31.9
lacustrine sediments at 15; Rush Creek ash
northern end of main 1954 bed
Rainbow Mt rupture zone
RM45A1 Folded Lake Lahontan Two Barrett Lake 1.6-2.3
sediments along 1954 fault and Walker Lake
ruptures in Fourmile Flat beds; Cedar Mt
sample JB-BS-2
RM49A1 Highly folded Lake Lahontan Several matches: 1.5-21.4
sediments along northern two Walker Lake
margin of Fourmile Flat beds; Wilson Creek
bed 7; not well
constrained
RMG60A1 Faulted Lake Lahontan ‘Several possible <10
lacustrine clay in Fourmile Flat | matches with
Holocene age tephra
beds from Walker
Lake and Crooked
Meadow
RM60B1 Faulted Lake Lahontan Wilson Creek beds 14-25.8
lacustrine clay in Fourmile Flat | 3-13; best match
with beds 10-11
RM62A1 Near base of 20m section of Not well constrained; | >14.9
faulted Lake Lahontan closest match is a 7-
lacustrine deposits 8 ka Walker Lake
bed; lies several
meters below RC-
RM62 which
provides best age
control.
DV95A1 Faulted Lake Dixie lacustrine Mazama ash bed 6.8
sediments in 1954 Dixie Valley
rupture zone
FP-4 Alluvial fan deposits in 1954 Wilson Creek bed 19 | 35.4
Fairview Peak rupture zone




Table 2. Results of radiocarbon dating in the 1954 Rainbow Mountain and Fairview Peak fault

Zones.

Sample number

Material dated and location

Lab number

'4C age (yrs BP)

RC-RM62

small snail, gastropod
shells in Lake Lahontan
sediments overlying tephra
T-RM62A1

GX-24186

14,420+ 420

RC-FP1

organic soil; buried A
horizon underlying Mono
tephra in Bell Canyon

GX-23995

515+235

RC-FP2

disseminated charcoal
underlying Mono tephra in
Cabin Wash

GX-23996

1,3356+115

RC-FP3

organic soil; buried A/B
horizons in Bell Canyon
trench

Pending

Pending
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Figure 3. Surficial geologic map of the Fairview Peak-Bell Flat area of the 1954 Fairview Peak
rupture zone (shown in bold). Units include, from youngest to oldest: Qfy, late Holocene alluvial
fan and basin floor deposits; Qfm, early Holocene alluvial fan deposits; Qfi, late Pleistocene
alluvial fan deposits; Qfo, mid- to late Pleistocene alluvial fan deposits. Trench locations are
circled, and site of the 35.4 ka Wilson Creek tephra bed is marked by the triangle.




. Qfm, early Holocene alluvial deposits; in Dixie Valley this unit post-dates the high
shoreline of Lake Dixie dated at 12-13 ka. and contains Mazama ash (6.8 ka) in upper part
of unit.

. Qfi, late Pleistocene alluvial fan deposits; near Fairview Peak trench site, this unit contains
the Wilson Creek bed 19 tephra (35.4 ka)

. Qfo, mid- to late Pleistocene deposits; based on soil-geomorphic relations, unit is similar
to the Cedar Mountain unit Qf,, which contains the 60-90 ka Negit Causeway tephra bed,
similar unit was inferred to be on the order of 100 ka in age in Dixie Valley.

The Fairview Peak trench was excavated across a 4-m high scarp produced by 1954 faulting in
Qfi-age alluvial fan deposits. Surficial mapping indicated that no paleoscarps occur in Qfi
deposits, and the trench stratigraphy confirmed the lack of an earlier event in Qfi. Upper
Qfi, deposits contain a well-developed 50-100 cm argillic (Bt) soil which is well exposed and
continuous in the footwall and hanging wall portions of the trench, demonstrating that only one
event (1954) has displaced the alluvial surface. Importantly, the Wilson Creek tephra bed 19 is
exposed at the distal portion of the faulting Qfi fan|(Fig. 3), indicating that this segment of the
Fairview Peak fault had not ruptured since 35.4 ka.

The principal Fairview Peak fault trace extends south from the trench site and steps left to the Bell
Flat segment . The northern portion of the Bell Flat trace consists of a 2-3 m high 1954
scarp and a similar size paleoscarp in mid- to late Pleistocene (Qfo) alluvial fan deposits. A
topographic profile surveyed across the compound scarp indicates that Qfo deposits are
cumulatively offset 5 m, of which 2.5 m was produced in 1954 (Fig. 5).| This paleoscarp was
produced by the penultimate event and is bracketed by the ages of the faulted Qfo deposits (100
ka) and the unfaulted Qfi deposits (35 ka). Calcified rhizoliths were collected from carbonate-
cemented fault gouge in the exposed Qfo deposits, and the sample is being submitted for uranium-
series age dating in an effort to determine a more precise minimum age for the penultimate event.

La Plata Canyon fault

The La Plata fault is located at the left step-over between the Fairview Peak and Dixie Valley fault
zones. Although it did not rupture in 1954, it exhibits one of the largest Holocene scarps (7 m) in
the region and thus is considered important in understanding the spatial and temporal pattern of
faulting within the CNSB. Fault mapping suggests that the La Plata fault may be structurally
connected with the Sand Springs fault to the south|(Fig. 2).

The exploratory trench was excavated at the mouth of La Plata Canyon and it exposed
faulted Qfim alluvial fan deposits (5 m vertical separation) and a stacked sequence of four colluvial
wedge deposits [Fig_6)IThe three oldest colluvial wedge units (Qc,, Qc,, and Qc;) are separated
from the most recent wedge (Qc,) by a weak argillic (B;) soil horizon and account for most of
measured offset. The youngest wedge deposit is associated with a 50-100 cm scarp that locally
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rhizoliths exposed in fault plane

Figure 5. Topographic profile across the compond scarp in Qfo deposits at northern part of Bell
Flat EFig 3),|Vertical separation across the scarp is 5 m, of which 2.5 m is 1954 displacement.
The penultimate event was comparable in displacement to 1954, and it is recognized only in
Qfo-age deposits. The fault shear plane exposed in Qfo deposits contains carbonate-cemented
rhizoliths that were sampled for uranium-series dating.
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offsets late Holocene alluvium containing an A-C to weak cambic (B,,) soil.

Although we were unable to find datable material in the trench stratigraphy, we were able to
approximately bracket the timing of faulting based on soil-geomorphic relations previously
established in Dixie Valley (Bell and Katzer, 1990). The Qfm deposits post-date shoreline
deposits of Lake Dixie which is radiocarbon dated at 12-13 ka; thus, the four La Plata faulting
events are interpreted to be younger than this age. The argillic soil capping the lowermost
colluvial wedges suggests that these events may have been temporally clustered during the early
Holocene, and the weak A-C to cambic soil present in offset late Holocene alluvium suggests that
the most recent faulting event is recent, possibly less than a few hundred years in age.

CONCLUSIONS

Results of event timing derived from paleoseismic studies in the Fairview Peak and La Plata
Canyon areas are combined with previous results derived from similar studies in the 1932 Cedar
Mountain and 1954 Dixie Valley rupture zones (Fig. 7). This comparison shows a varied and
widely diverse range in slip histories and provides no indication of temporal or spatial rupture
patterns during the last 100 ka that are comparable to the historical pattern.

Five surface faulting events have been documented in the 1932 Cedar Mountain zone during the
last 20 ka , and additional events occurred during the last 100 ka. Slip rates are on the order of
0.4-0.5 mm/yr (Bell et al., 1999). In Dixie Valley, the penultimate event is between 1.5-6.8 ka in
age, and an older event is bracketed by the ages of Qfim (12-13 ka) and Qfi (35.4 ka) alluvial fan
deposits. Slip rates are between 0.2-0.5 mm/yr (Bell and Katzer, 1990). In contrast, the age of the
penultimate event in the Fairview Peak zone is at least 35.4 ka, and apart from the 1954 rupture it
is the only surface faulting event during the last 100 ka. These relations suggest that the late
Quaternary slip rate of the Fairview fault zone is <<0.1 mm/yr. The sequence of four Holocene
faulting events along the La Plata fault are not replicated in either the Fairview or Dixie Valley
zones, further supporting the concept of widely diverse slip histories in this portion of the CNSB.

The results of this study suggest that the CNSB is a complex structural-tectonic region consisting
of single and multiple, interconnected and overlapping fault segments. The pattern of historical
surface rupture is complex and is not dependent upon paleoseismic history; the rupture zones
contain single and multiple fault segments each exhibiting widely different paleoseismic histories.
Although other non-historical late Pleistocene and Holocene faults remain to be studied in the
region . the widely differing slip histories found in this study strongly suggest that
conventional paleoseismic parameters (cf, slip and recurrence rate) may not be reliable criteria for
distinguishing the CNSB from other seismically active areas of the western Basin and Range.

14
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Figure 7. Comparison of timing of known and dated surface faulting events in the 1932 Cedar
Mountain, 1954 Fairview Peak, 1954 Dixie Valley, and (prehistorical) La Plata fault zones.
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Appendix 1

Major element glass chemistry data
and
closest matches for tephra based on similarity coefficients

| Andrei Sarna-Woijcicki |
Tephrochronology Laboratory
U.S. Geological Survey
Menlo Park, CA
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