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ABSTRACT

The Honey Lake fault zone, a major right-lateral fault in the Basin and Range province
of eastern California, is one of a broad system of faults that accommodate some of the relative
motion between the Pacific and North American plates. These right-lateral faults may have
significantly higher slip rates, and thus greater earthquake hazards, than the normal faults for
which the Basin and Range is more commonly known. In the Honey Lake Valley, the fault
forms a 50-km-long zone of landforms typical of active strike-slip faults. Right-lateral offset of
an incised creek channel is used to estimate a Holocene slip rate of between 1.1 and 2.6 mm/yr.
A fault exposure in Holocene alluvium shows evidence for at least four late Holocene surface-

faulting earthquakes.

INTRODUCTION

A significant amount of right-lateral shear related to the relative
motions of the Pacific and North American plates occurs well to the
cast of the San Andreas fault. Right-lateral faults extend from near
the San Andreas fault in southern California, through a broad area
of eastern California and western Nevada, and may project into
central Oregon (Pezzopane and Weldon, 1993). These faults may
accommodate as much as 10 mm/yr of the right-lateral motion be-
tween the Pacific and North American plates (Argus and Gordon,
1990).

Although the Basin and Range province of the western United
States is known for extensional tectonics, right-lateral faults are a
major feature of the western Basin and Range (Gianella and Cal-
laghan, 1934; Stewart, 1988). These right-lateral faults are up to 300
km long (e.g., the Death Valley fault system; Wills, 1989; Brogan et
al., 1991) and have produced historic earthquakes as large as M 7.8
(e.g., the Owens Valley earthquake of 1872; Toppozada et al., 1981).
Reported slip-rate estimates (Clark et al., 1984; Bryant, 1993) sug-
gest that major right-lateral faults within the western Basin and
Range commonly have slip rates >2 mm/yr, whereas few normal
faults have slip rates >1 mm/yr. Because earthquake frequency is
directly related to fault area and slip rate (Molnar, 1979), the right-
lateral faults may be considerably more hazardous than the normal
faults.

This report presents the findings of a reconnaissance-level in-
vestigation of the faults of the Honey Lake basin for the fault eval-
uation and zoning project of the California Division of Mines and
Geology. The purpose of this investigation was to identify faults
showing evidence of Holocene surface offset that should be included
in Alquist-Priolo special studies zones, where development is re-
stricted (Hart, 1992).

Our investigation identified geomorphic evidence for Holocene
faulting and a locality where the rate and frequency of faulting could
be investigated in detail. The right-lateral strand of the Honey Lake
fault, mapped only recently (Grose et al., 1991; Hart et al., 1991),
clearly has been active in Holocene time. Normal strands, which
have been recognized for some time (Russell, 1885; Diller, 1908),
appear to be largely inactive. This paper reviews the geomorphic
evidence for Holocene tectonism and presents paleoseismologic re-
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sults derived from offset late Holocene deposits in a cutbank of Long
Valley Creek.

GEOMORPHIC EXPRESSION

The Honey Lake fault zone forms a line of scarps and tonal
lineaments trending N45°W for >50 km across the Honey Lake
basin. It displaces latest Pleistocene lacustrine deposits and younger
alluvium, all below the shorelines of Pleistocene Lake Lahontan.
The geomorphic expression of the fault must have formed since 12.5
ka, when Lake Lahontan receded rapidly (Benson and Thompson,
1987).

The southeastern end of the Honey Lake fault offsets Holo-
cene alluvial fans along the southwest margin of the Fort Sage
Mountains (Fig. 1). These fans have youthful-appearing construc-
tional surfaces and weak soil development in unconsolidated sandy
alluvium.

North of Doyle, the Honey Lake fault crosses a broad, gently
northward sloping surface (Fig. 2). This surface is the bed of Lake
Lahontan, and has a veneer of alluvial sediments. The straight fault
trace is marked by scarps that face either northeast or southwest and
by small depressions at right steps in the trace.

The channel incised by Long Valley Creek in the late Pleis-
tocene alluvial surface is offset right laterally where it crosses the
Honey Lake fault zone (Fig. 1, locality 1). An inset terrace on the
north bank of the creek (Fig. 3) is also offset. A cutbank in the inset
terrace provided an ideal exposure for the paleoseismological work
discussed below.

North of Long Valley Creek, scarps are as high as 6 m where
the fault makes a small right step and bounds one side of a closed
depression. Farther northwest, the fault makes another right step
and forms a rhombic sag pond (Fig. 1, locality 2).

At Honey Lake, the fault is exposed in a wave-cut cliff (Fig. 1,
locality 3). There, thinly bedded siltstone and sandstone lake de-
posits are intensely deformed and faulted, and a loose gray sand
appears to have been injected into an irregular fissure along the fault
zone, probably as a result of liquefaction.

Northwest of Honey Lake, a strand of the fault is exposed in the
east bank of a small stream channel (Fig. 1, locality 4). Another
strand can be traced across Lahontan shorelines (Fig. 1, locality 5).
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Away from the fault, these beds form three sequences, designated
buried soil 7 (b7), buried soil 5 (b5), and the modern soil (Fig. 4).
Each sequence has at its base a bed of medium- to coarse-grained
sand, which becomes finer upward, and a soil layer at the top, gen-
erally formed in clayey silt. The horizontal layering and consistent
thicknesses of these beds, except at the fault zone, suggest that the
sequence represents a relatively passive filling of the channel, rather
than repeated scour and fill. This deposition may be due to a middle
Holocene partial refilling of Honey Lake, which would have
changed the base level of Long Valley Creek.

The bS unit may have been deposited at about 5.7 ka, on the
basis of a sample of detrital charcoal dated by accelerator mass
spectrometry. The age of this charcoal (sample AA-5787) is reported
to be 5715 +65 radiocarbon years.

SLIP RATE

The horizontal slip rate of the Honey Lake fault is estimated by
dividing the amount of right-lateral offset of the incised channel of
Long Valley Creek by the age of the channel. The channel margin
forms a broad, relatively smooth curve on both sides of the fault.
Thus, it is relatively simple, both on aerial photographs and from the
ground, to project the top of the channel margin into the fault zone
and measure its offset. Assuming that the channel margin originally
projected across the fault on a relatively straight line, it has been
offset by 16 =2 m.

The channel margin is younger than Lake Lahontan and older
than Mazama ash. It was probably an erosional surface from the
time that L.ake Lahontan receded until sedimentation began in the
channel. Deposition of the inset terrace effectively isolated the
stream from the former channel margin and prevented further ero-
sion. The fauit has since offset the former channel margin.

If the history of this stream consisted of simple incision-depo-
sition-incision, as outlined above, then the offset channel margin
would be closer to the age of the oldest material in the inset terrace
than to the age of the upper terrace surface. Alternatively, deposi-
tion of the inset terrace could have been interrupted by periods of
erosion, including lateral erosion of the older channel margin. If any
lateral erosion occurred during the deposition of the inset terrace, it
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could have effectively “‘reset the clock,”
vious lateral offset.

Aright-lateral offset of 16 +2 min 7 to 12.5 ka yields a minimum
horizontal slip rate of 1.1 mm/yr and a maximum of 2.6 mm/yr. If
erosion of the channel margin during deposition of the inset terrace
erased previous offsets, which we feel is unlikely, 2.6 mm/yr would
represent a minimum slip rate.

Because the channel margin probably dates more closely to the
oldest deposits in the inset terrace than the surface into which it cuts,
we prefer a preliminary slip rate estimate of 2.0 mm/yr, which is in
the higher part of the range of possible rates.

erasing evidence for pre-

PALEOSEISMOLOGY

A detailed log of the cutbank of Long Valley Creek shows six
strands of the fault in a zone 4 m wide (Fig. 4). These fault strands,
which cut to different levels in the sequence, enable us to estimate
the number and relative timing of events, described here from
youngest to oldest and designated in reverse alphabetical order.

Event Z

The most recent event recorded in the sediments at Long Valley
Creek occurred along fault F3 (Fig. 4). Two splays cut the modern
soil. The fissure between the two fault splays at the top of fault F3
contains light-colored, relatively unweathered sandy silt. Because
this fault extends to near the ground surface and overlying soils are
poorly developed, the fault movement must have occurred relatively
recently. No historical earthquakes can be correlated with this fault-
ing. Earthquakes of M 5.8 to 5.9 occurred in the Honey Lake Valley
in 1875 and 1889 (Toppozada et al., 1981), but these magnitudes are
not typically associated with large surface ruptures. Event Z prob-
ably occurred before the beginning of the historical record, but
within the past few hundred years.

Event Y

This event occurred along fault F2 and displaced all units except
the modern soil. Considerable mismatch in the thicknesses of units
across fault F2 suggests either strike-slip displacement of laterally
variable units or an earlier event on fault F2.
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Figure 4. Log of exposure at Long Valley Creek showing displacement of soils across Honey Lake fault. Nomenclature for soil units is based on Sol
Survey Staff (1951, 1975) modified by Birkeland (1984). Each soil unit is designated by sequence of letters and numbers, €.g., 3Bkb1, where first number
refers to depositional unit, numbered in stratigraphic order from top to bottom. Capital letter refers to master soil horizon A, B, or C. Lower case letters
signify characteristics of soil; k for carbonate, w for color or structure in B horizon. Buried soils (paleosols) are designated by lower case b. Buried
soil horizons are numbered from top to bottom as suggested by Birkeland (1984).
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Event X

This event produced movement along fault F4 of units up
through 7Bb4. Between faults F3 and F6, paleosols b4 and b5 are
warped, in contrast with the relatively horizontal overlying layers,
suggesting that warping and possibly minor movement on fault F6
also occurred during event X.

Event W

The first event recorded in the sedimentary strata of Long Val-
ley Creek caused displacement on faults F6 and F5. Liquefaction of
units 9Cb5 through 11Cb5 between faults F5 and F6 and east of F6
changed these units from a well-bedded sequence to a homogeneous
mass of medium to coarse sand. Sand apparently was forced through
a fissure in the 8Bb5 horizon and formed a sand boil above fault F6
(Fig. 4). The sand boil appears to be relatively symmetrical about the
fissure below it, indicating that it formed on a level surface. Warping
of the b5 soil probably occurred later, along with additional minor
movement on fault F6.

We found no clear evidence for further events in the exposure
at Long Valley Creek. The lowest continuous beds across the fault
zone, b5, appear to be undisturbed except at the faults described
above. No earthquakes occurred between the time the parent ma-
terial of soil b5 was deposited (~5.7 ka) and event W. However,
there are differences in thickness of units across both faults F2 and
F6. This mismatch may be due to strike-slip displacement of laterally
variable units but could also be due to additional earthquake rup-
tures on those faults.

CONCLUSIONS

The Honey Lake basin is similar to other ‘““grabens” of the
western Basin and Range (e.g., Death Valley, Owens Valley) in that
the principal active fault is a right-lateral fault. This fault has pro-
duced abundant geomorphic evidence for Holocene faulting. Meas-
urements of the displacement of a post-Lahontan channel margin
enable calculation of a Holocene slip rate for the fault zone. The
horizontal slip has been between 1.1 and 2.6 mm/yr through the
Holocene; 2 mm/yr is the preferred estimate.

Interpretation of stratigraphic and structural relations exposed
in a cutbank of Long Valley Creek yielded several findings. (1) Six
fault traces, all of which offset late Holocene deposits, span a zone
4 m wide. (2) All of the soils in the exposure, including the modern
soil, are displaced by one or more strands of the fault. (3) At least
four major, ground-rupturing earthquakes have occurred in the past
6 ka. (4) Recurrence of major events averages 1.5 ka. (5) The latest
event may have occurred in the past few hundred years.

Activity of the Honey Lake fault zone is similar to other right-
lateral faults of the Basin and Range, particularly the Pyramid Lake
fault (Anderson and Hawkins, 1984; Bell, 1984). The similarity be-
tween these two faults is not unexpected, because they are en ech-
elon strands of the same fault system, the northern Walker Lane of
Bonham and Slemmons (1968).

ACKNOWLEDGMENTS

We thank E. W. Hart, W. A. Bryant, and J. F. Davis of the California
Division of Mines and Geology, L. W. Anderson of the U.S. Bureau of
Reclamation, K. L. Hanson of Geomatrix Consultants, J. W. Bell of the
Nevada Bureau of Mines and Geology, and D. Schwartz of the U.S. Geo-
logical Survey for reviewing early versions of this manuscript; A. Sarna-
Wojcicki for correlating the volcanic ash samples; and R. L. Chalmers of
Doyle, California, who allowed us to work on his property.

REFERENCES CITED

Anderson, L.W., and Hawkins, F.F., 1984, Recurrent Holocene strike-slip
faulting, Pyramid Lake fault zone, western Nevada: Geology, v. 12,
p. 681-684.

856 Printed in U.S.A.

Argus, D.F., and Gordon, R.G., 1990, Pacific North American plate motion
from very long baseline interferometry compared with motion inferred
from magnetic anomalies, transform faults, and earthquake slip vectors:
Journal of Geophysical Research, v. 95, p. 17,315-17,324.

Bacon, C.R., 1983, Eruptive history of Mount Mazama and Crater Lake
caldera, Cascade Range, U.S.A.: Journal of Volcanology and Geother-
mal Research, v. 18, p. 57-115.

Bell, E.J., 1984, Overview of the late Cenozoic tectonics of the Walker Lane,
in Lintz, J., Jr., ed., Western geological excursions, Volume 4 (Geo-
logical Society of America annual meeting guidebook): Reno, Nevada,
Mackay School of Mines, p. 407-412.

Benson, L.V., and Thompson, R.S., 1987, Lake-level variation in the La-
hontan basin for the last 50,000 years: Quaternary Research, v. 28,
p. 69-85.

Birkeland, P.W., 1984, Soils and geomorphology: New York, Oxford Uni-
versity Press, 372 p.

Bonham, H.F., and Slemmons, D.B., 1968, Faulting associated with the
northern part of the Walker Lane, in Abstracts for 1966: Geological
Society of America Special Paper 101, p. 290.

Brogan, G.E., Kellogg, K.S., Slemmons, D.B., and Terhune, C.B., 1991,
Late Quaternary faulting along the Death Valley-Furnace Creek fault
system, California and Nevada: U.S. Geological Survey Bulletin 1991,
23 p.

Bryant, W.A., 1993, Holocene faulting in the western Basin and Range,
California: Geological Society of America Abstracts with Programs,
v. 25, no. 5, p. 15. .

Clark, M.M., and 12 others, 1984, Preliminary slip-rate table and map of late
Quaternary faults of California: U.S. Geological Survey Open-File Re-
port 84-106, 12 p. .

Davis, J.O., 1978, Quaternary tephrochronology of the Lake Lahontan area,
Nevada and California: Nevada Archeological Survey Research Pa-
per 7, 137 p.

Diller, J.S., 1908, Geology of the Taylorsviile region, California: U.S. Ge-
ological Survey Bulletin 353, 128 p.

Gianella, V.P., and Callaghan, E., 1934, The earthquake of December 20,
1932, at Cedar Mountains, Nevada, and its bearing on the genesis of
Basin-Range structure: Journal of Geology, v. 42, p. 1-22.

Grose, T.L.T., Saucedo, G.J., and Wagner, D.L., 1991, Geologic map of the
Susanville quadrangle, Lassen and Plumas counties, California: Cali-
fornia Division of Mines and Geology Open-File Report 91-1, 26 p.

Hart, E.W., 1992, Fault rupture hazard zones in California: California Di-
vision of Mines and Geology Special Publication 42, 32 p.

Hart, E.W., Bryant, W.A., Treiman, J.A., Wills, C.J., and Sydnor, R.S.,
1991, Summary report: Fault evaluation program, 1989-1990, north-
eastern California and supplemental areas: California Division of Mines
and Geology Open File Report 91-9, 29 p.

Molnar, P., 1979, Earthquake recurrence intervals and plate tectonics: Seis-
mological Society of America Bulletin, v. 69, p. 115-133.

Pezzopane, S.K., and Weldon, R.J., II, 1993, Tectonic role of active faulting
in central Oregon: Tectonics (in press).

Russell, 1.C., 1885, Geological history of Lake Lahontan, a Quaternary lake
of northwestern Nevada: U.S. Geological Survey Monograph 11, 288 p.

Soil Survey Staff, 1951, Soil survey manual (U.S. Department of Agricul-
ture-Soil Conservation Service Agriculture Handbook 18): Washing-
ton, D.C., U.S. Government Printing Office, 503 p.

Soil Survey Staff, 1975, Soil taxonomy: A basic system of soil classification
for making and interpreting soil surveys (U.S. Department of Agricul-
ture-Soil Conservation Service Agriculture Handbook 436): Washing-
ton, D.C., U.S. Government Printing Office, 754 p.

Stewart, J.H., 1988, Tectonics of the Walker Lane belt, western Great Ba-
sin—Mesozoic and Cenozoic deformation in a shear zone, in Emst,
W.G., ed., Metamorphism and crustal evolution of the western United
States (Rubey Volume VII): Englewood Cliffs, New Jersey, Prentice-
Hall, p. 683-713.

Toppozada, T.R., Real, C.R., and Parke, D.L., 1981, Preparation of iso-
seismal maps and summaries of reported effects for pre-1900 California
earthquakes: California Division of Mines and Geology Open File Re-
port 81-11 SAC, 182 p.

Wills, C.J., 1989, A neotectonic tour of the Death Valley fault zone: Cali-
fornia Geology, v. 42, p. 195-200.

Manuscript received February 26, 1993

Revised manuscript received May 19, 1993
Manuscript accepted May 27, 1993

GEOLOGY, September 1993



