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EXPLANATION FOR MAP A

Fault trace--Produced by normal faulting. Hachures on downthrown
side; lateral displacement unknown

Linear feature with Tittle or no topographic expression--Usually
visible only on aerial photographs; may be fault controlled

Geomorphic or topographic evidence for youthful faulting--Identified
through aerial-photograph interpretation and field investigations

Site where scarp height (meters) and maximum angle
(degrees) of scarp face were measured in field

Location of earthquake reports--Includes date of occurrence and
Modified-Mercalli intensity (for "felt" reports) or magnitude (for
instrumentally Tlocated events). (Sources: Townley and Allen,
1939, p. 106; Bolt and Miller, 1975, p. 43, 72, and 276; and
Grove, 1977, p. 39)

Felt report
Location and magnitude by instrument; reported Tocation has

inherent error radius estimated to be many kilometers

Perennial or ephemeral springs--Relative water temperature of each
spring unknown unless otherwise noted

Knickpoint on bedrock stream profile--Found near eastern base of
Warner Mountains

Contact along the eastern base of Warner Mountains between
Tertiary -~ volcanic and sedimentary rocks and unconsolidated
Quaternary lacustrine, alluvial, and colluvial deposits

Lands1ide

Head. scarp--Source of debris

Deposit--Arrows indicate direction of movement

Shoreline feature of pluvial Lake Surprise--Highest shoreline is
approximately at elevation 5,050 feet (1,457 m). The highest
shoreline formed 13,600 to 11,000 years B.P., but has probably been
occupied by earlier highstands as well

Artificial exposure--Mainly gravel pits

Limit of area studied for youthful fault features
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MAP A—GEOMORPHIC FEATURES RESULTING FROM PREHISTORIC FAULT RUPTURES

Ta7NY__

T 46 N.\

R.21E.

Rog2E

S
P8 (S P

45’

T.45N.

T.44N

T 44 N

T.43 N

17 Mi.

ALTURAS

.4

T 43 N.3

T.42N

41030’
12

. 7O U.S. 395

{

2O E.
7 —

12000

120°00°

OREGON

_..Alturas

AREA OF MAP

CALIFORNIA

1

L]

LAKE CITY
FAULT ZONE

SAvy

NOANV2

Hayes Canyon Peak
/

%
7

5
%
m

0 10 20 30 KILOMETERS
1 i |

INDEX MAP SHOWING AREA OF STUDY AND LOCATION OF 15-MINUTE QUADRANGLES

FOR SHEET 1 AND 7'/, -MINUTE QUADRANGLES FOR SHEET 2

!

e

N <

Wi)sg(n ~Pat

2

L N
~=Tephra’locality

0015’
Base from U.S. Geological Survey
Cedarville, Fort Bidwell, 1962

&
o
Qo
~

S

) g
s ;._:,;“Surprbwse Valley
Mineral Wells™ - -

"'Pﬁv
17

b
I

| caGLeviLLe 12 M1

SCALE 1:62500

1 1 0 1 2 3 4 MILES
[ —a———— ]
3000 0 3000 - 6000 5000 12000 15000 18000 21000 FEET
(= — s — i = ) — g =———1 = — e = —— ) ]
1 5 0 1 2 3 4 5 KILOMETERS

CONTOUR INTERVAL 40 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929

MAP B—UNCONSOLIDATED DEPOSITS OFFSET BY FAULTS
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EXPLANATION FOR MAP B
CORRELATION OF MAP UNITS
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DESCRIPTION OF MAP UNITS

STREAM CHANNEL DEPOQSITS (Holocene)--Channel-lag debris that fills
modern channelways that receive seasonal runoff from Warner
Mountains. Formed during flash floods and other periods of high
discharge. Typically very coarse grained and poorly sorted.
Local clay and silt layers and concentrates of boulders. Unit is
probably less than 3 m thick

PLAYA DEPOSITS (Holocene)--Modern playa lake beds that are still
being formed. Found in center of basin where streams and springs
empty and seasonal standing water accumulates. Light brown, very
well sorted, very fine grained, and well stratified. Locally
covered by discontinuous veneer of wind-blown sand or an
efflorescence of evaporites. Stipple pattern on map B enhances
playa lake shorelines

ALLUVIAL DEPOSITS (Holocene)--Alluvial fans that emerge from mouths
of tanyons along lower flanks of Warner Mountains and extend
eastward toward center of basin. Deposits derived from sediment
transported from Warner Mountains and from erosion of deltaic
deposits. Near mountain front, deposits are poorly sorted and
coarse grained and become progressively more fine-grained toward
distal fan areas where deposits merge, often imperceptibly, with
lacustrine deposits that have similar texture and morphology.
Bedding is irregular and not laterally continuous. Includes sand,
gravel, and silt

SAND DEPOSITS (Holocene)--Transverse eolian dunes that are best

developed in southeastern part of map area. Long axes oriented

N 40°-60°4 with avalanche slopes facing northeast, requiring
prevailing winds from southwest during formation. Sporadically
vegetated, indicating current stability, but migrating dunes up to
10 m high have formed historically (Russell, 1927, p. 351).
Stabilized dunes usually 3 to 5 m high, but some attain 9 m.
Originated by preferential winnowing and transport by wind of
small-sized particles from lacustrine and alluvial deposits.
Consist of fine, loose, well-sorted sand. Avalanche crossbedding
well developed

COLLUVIAL DEPOSITS (Holocene)--Slope wash, talus, and cliff debris
found along lower flanks of Warner Mountains. Transported and
deposited by running water not concentrated into channelways.
Consists of unstratified, loose-to-compact, very poorly sorted
rock fragments and soil. Unit is as much as 3 m thick

YOUNGER LANDSLIDE DEPOSITS (Holocene)--Debris that is the result of
slope failure. Deposits occur below a steep head scarp and are
marked by an irregular, hummocky surface. Deposits appear to
post-date pluvial Lake Surprise

TERRACE DEPOSITS (Holocene)--Erosional remnants of a formerly
more-continuous alluvial depositional surface that now stands
topographically above modern base level and is incised by modern
streams. Deposits occur (1) at or near mountain front where
faulting has uplifted alluvium and (2) as part of valley floor,
away from mountain front, where origin appears more closely linked
to changes in base level caused by evaporation of pluvial Lake
Surprise about 11,000 years B.P. Poorly to moderately well sorted
and medium to coarse grained. Includes sand, gravel, and silt

LAKE BAR DEPOSITS (Pleistocene)--Long, narrow, slightly arcuate lake
bars probably formed during recessional stages of pluvial Lake
Surprise about 11,000 years B.P., but may have been inherited; in
part, from earlier lake stands as well. As much as about 200 m
long, 20 m wide, but not more that 3-5 m high. Coarse grained,
with abundant sand and gravel

LACUSTRINE DEPOSITS (Pleistocene)--Deep-water facies of sediments

deposited in pluvial Lake Surprise. Occupy areas between distal
parts of alluvial fans and western shoreline of playa lakes.
Lateral transition from distal alluvial fan to lacustrine
sediments  usually  gradational. Composed  of light-brown
well-sorted clay, silt, and sand beds, with minor gravel. Planar
stratification well developed and beds are Tlaterally continuous.
Contains ostracodes, gastropods, plant debris, and the Trego Hot
Springs Bed of Davis (1978) (NW1/4 sec. 3, T. 43 N., R. 16 E.).
Locally overlain by discontinuous veneer of alluvium, wind-blown
sand, or efflorescence of evaporites

DELTAIC DEPOSITS (Pleistocene)--Near-shore, deltaic facies of
sediments deposited in pluvial Lake Surprise. Deposits usually
form prominent salients rising as much as 50 m above surrounding
alluvial plain and protruding as much as 2 km eastward from front
of Warner Mountains. Formed by sediment influx around margins of
lake and graded to high-water stages. Composed of ~well-sorted,
well-stratified silt, sand, and gravel that is often cemented by
tufa. Contains ostracodes, gastropods, and the Trego Hot Springs
Bed of Davis (1978) (NE1/4 sec. 29, T. 39 N., R. 17 E.).
Excellent source of sand and gravel; many gravel pits developed in
unit

OLDER LANDSLIDE DEPOSITS (Pleistocene)--Debris resulting from failure
of undivided Tertiary volcanic and sedimentary rocks along eastern
front of Warner Mountains. Head scarps are steep, barren exposures
of bedrock. Deposits marked by irregular, hummocky surface and
concentrations of springs; sometimes include large, intact masses
of bedrock. Deposits sculpted by wave action, indicating formation
before or during most recent high stand of pluvial Lake Surprise

VOLCANIC AND SEDIMENTARY ROCKS, UNDIVIDED (Tertiary)--Rocks
composing section exposed in east face of Warner Mountains. Upper
half composed of rhyolitic ash-flow tuff and welded tuff,
andesitic and basaltic flows, and minor rhyolitic flows and
plugs. Lower half consists of conglomerate, siltstone, sandstone,
mudflow breccia, and some intercalated andesite flows. Section is
about 3,100 m thick
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and queries on fault near Fandango Valley indicate inferred
right-lateral movement. Identified through geologic field mapping
and (or) aerial-photograph interpretation. All faults shown on
map B that do not appear on map. A are compiled from Russell
(1928); Gay and Aune (1958); Ford and others (1963); Martz (1970);
and Duffield and Weldin (1976)

Concealed fault--Inferred from interpretation of gravity, magnetic,
and audio-magnetotelluric data. (From Ford and others, 1963;

locally modified according to more recent information from D. B.
Hoover, unpub. data, 1975, and Hedel, 1980)

Contact--Dashed where uncertain. Determined primarily through
interpretation of aerial photographs

Landslide
Head scarp--Source of debris
Deposit--Arrows indicate direction of movement

Closed, shallow depression

Artificial exposure--Mainly gravel pits
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INTRODUCTION

The maps in this report are designed to show the location, nature, and age
of fault traces and lineaments that are interpreted to be the result of late
Quaternary movement along the Surprise Valley and associated faults. These
Characteristics are important to scientists and engineers who study surface
faulting and earthquakes and should also be helpful to those concerned with
1anq use and development on or near faults in western Surprise Valley. In
addition, faults apparently control the location of modern geothermal activity

in Surprise Valley (Hedel, 1981) and are thus important to geothermal
exploration.,

Map_A emphasizes geomorphic features that are interpreted to be the result
of prehistoric displacement of the ground surface by rupture along faults 'in
western Surprise Valley. The faults portrayed on the map are primarily
1ntended.to be guidelines for locating fault traces on the ground and are not
necessarily located with the precision demanded by some types of engineering
or 1aqd-use projects. Map B shows the position of fault traces in western
Surprise Valley with respect to unconsolidated late Quaternary alluvial and
1acgstrine deposits. The reported ages of these deposits have not yet been
verified by radiocarbon dating of the deposits themselves; thus the chronology
of fgu?ting presented in this report is based on inferred ages. Map users
requiring specific age control on the past activity of individual fault
segments will need to perform field investigations to obtain this information.

Much of the data in this report are summarized from Hedel (1980), whereas
the format and portions of the text are adapted from Brown (1970), Brown and
Wolfe (1?72), Clark (1973, 1982), Radbruch-Hall (1974), Ross (1969),
Sarna-Wojcicki and others (1975), Sharp (1972), and Vedder and Wallace (1970).

THE SURPRISE VALLEY AND ASSOCIATED FAULTS

Surprise Valley and the Warner Mountains are located along the northwest
margin of the Great Basin in an area that is transitional between the Basin
and Range and the Modoc Plateau geomorphic provinces. Surprise Valley is a
downdropped crustal block between the west-tilted Warner Mountains block to
the west and the Hays Canyon Range block to the east, in Nevada. The
north-trending Surprise Valley fault is a break in the Earth's crust that is
nearly continuous for about 84 km along the eastern base of the Warner
Mountains and extends for perhaps 15 km below the surface. In a strict sense,
the name applies only to the range-front fault and does not include the system
of parallel and subparallel faults on the valley floor east of the range
pase. These shorter, secondary faults and the frontal fault are apparenty
1nterre1a§ea and might have moved sympathetically with one another during
prehistoric earthquakes. The Surprise Valley and associated faults form a
zone that is locally more than 4 km wide. ‘

Faults within the Surprise Valley fault system are normal faults (dip-slip
faults that react to extension of the Earth's crust). Movement of the blocks
along them has produced an estimated 3,800 m of vertical displacement between
the rocks at the southern crest of the range and presumed stratigraphically
equivalent rocks which underlie the thick section of Quaternary sediments that
partially fills Surprise Valley. Episodic normal slip began about 15 million
years ago (Duffield and McKee, 1974) and has continued into the Holocene, as
proposed in this report. The age and amount of fault displacement between
Surprise Valley and the Hays Canyon Range are not well known, but are probably
similar to those of the Surprise Valley fault system.

Brittle fracture of the Warner Mountains accompanied the late Tertiary and
Quaternary uplift of the range as shown by faults of variable strike that
offset the 1ithologic section (map B). Similarly, subsidiary faults exist
within the buried Surprise Valley block. Many of these structures are covered
by great thicknesses of unconsolidated Quaternary lacustrine and alluvial
deposits and are detectable only by geophysical methods (Ford and others,
1963, pl. 21; data reproduced here on map B). Relatively youthful movements
along other faults have propagated to the surface and are manifested on the
valley floor as fault scarps that are in various stages of degradation.

No strong earthquakes or surface faulting have been recorded in Surprise
Valley since settlement by pioneers in the early 1850's. However, small
earthquakes were reported in the .valley in 1868 (Grove, 1977, p. 39), 1898
(Townley and Allen, 1939, p. 106), 1917, 1937, and in 1958 (Bolt and Miller,
1975, p. 43, 72, and 276). Because only the 1958 earthquake was
instrumentally located (resolution was poor) and the others were "felt"
reports, specific correlation of these events with movements along the
Surprise Valley fault, or any other structure in the vicinity, is equivocai.

MAPPING METHODS

Fault traces and geologic contacts shown on the maps were identified
chiefly by study of 1:15,840-scale color aerial photographs flown by the U.S.
Forest Service in 1974 (symbol "MO 01"), 1:34,000-scale black-and-white aerial
photographs taken by the U.S. Geological Survey in 1958 and 1959 (symbols
"GS-VVL" and "GS-VVM," respectively), and nominal 1:120,000-scale U.S. Forest
Service black-and-white aerial photographs taken during the 1970's (no symbols
on photos). After fault traces and geologic contacts were recorded on the
aerial photographs, the information was plotted onto 1:24,000-scale topographic
maps by a combination of visual inspection and projection, and then visually
transferred to 1:62,500-scale base maps. Lateral accuracy of faults and
geologic contacts delineated on the maps are believed to be within +75 m of the
correct field location of these features. The map location of fauTt traces is
best in areas of low relief where cultural features are present. and where
fault-generated topography influences the position and shape of topographic
contours, but approaches the estimated +75 m of lateral accuracy where relief
1s greatest, where roads, houses, or fence lines are not present, and where
the topographic expression of fault-zone geomorphology is slight. Geologists,
engineers, .and others.making specific use of these maps will need to make
ground surveys to independently verify the position of fault traces in
relation to structures and land boundaries and to confirm whether the
geomorphic features described on map A are truly fault controlled.

Reconnaissance was conducted in the field to verify features observed on
the aerial photographs. Only about one third of the area was field checked on
the ground, as constraints on time and accessibility did not permit
comprehensive field checking in all areas. Conclusions drawn from geomorphic
features which were visited in the field were applied to features that have a
similar manifestation on the aerial photographs, but were not field checked.

RECOGNITION OF YOUTHFUL SURFACE FAULTING

Geologically youthful faults in western Surprise Valley were distinguished
on aerial photographs dnd in the field by (1) their distinctive topography,
(2) their displacement of youthful, unconsolidated deposits, (3) their
influence on local erosion, deposition, and drainage, and (4) by contrasts in
vegetation that reflect varying ground-water depths or soil differences across
the fault. This evidence is summarized in figure 1. The annotations on map A
along the fault traces indicate numerous examples of these features. Many of
the examples are cited because they are exceptionally clear or well preserved,
but such features are generally present to some degree along all of the faults
on map A. One or more of these criteria usually demonstrates geologically
youthful surface faulting because fault-generated features are generally
ephemeral: they may be obliterated by erosion, buried by alluvium or other
sediment, obscured by 611 creap and landslides;, or modified or subdued by
human activities. Barring alteration of the landscape by humans, fragile
fault features persist only in places where the rate of tectonic growth
exceeds or equals the rate of the processes that remove them, or in places
where surface faulting is so recent that the process of destruction has not
yet erased them. The fact that surface features are preserved and are similar
to features of historically active faults elsewhere in the Great Basin that
have comparable climate implies that the. Surprise Valley and related faults
have generated earthquakes accompanied by surface rupture in the recent
geologic past.

In western Surprise Valley, topographic features are the most obvious
indicators of youthful faulting. East-facing fault scarps occur along most of
the eastern base of the Warner Mountains as well as on the valley floor east
of the mountain front. Vertical displacement has produced scarps from
successive dip-slip fault movements ranging from a few centimeters to a few
meters during prehistoric earthquakes and (or) intervals of slow fault creep
between earthquakes. These features appear to have a large range of ages and
represent a long history of repeated fault displacements. Numerous
well-preservea scarps that offset all but the youngest parts of washes and
alluvial fans and that range in height from 0.5 m to nearly 5 m probably
record the most recent surface faulting in western Surprise Valley. They may
range in age from hundreds to several thousands of years. In contrast, 10- to
14-m-high scarps in relatively older pluvial lake sediments were apparently
produced by multiple displacements and may be up to 10,000 years old, and
possibly older. The abrupt, steep eastern escarpment of the Warner Mountains
has grown over a far longer period. The degree of preservation of scarps may
be a rough measure of the rate of displacement along particular fault segments
(Wallace, 1977). Unfortunately, we have very meager knowledge of the manner
in which scarp erosion rates in northeastern California are influenced by
variables such as texture, induration, and composition of scarp-forming
materials, as well as the effects of regional temperature and rainfall (both
of which have changed many times during late Quaternary time). Therefore, at
the present time we cannot make reliable estimates of the age of the youngest
fault scarps in Surprise Valley based on their degree of preservation.

The topographic features described on map A are not necessarily evidence
for youthful surface faulting in themselves. The youthfulness of faulting is
indicated only where these features are clearly related to displacement of
young deposits. Topographic fault features that occur in geologically young
deposits, and hence are younger than the deposits themselves, unequivocally
demonstrate young surface faulting. Geologic mapping of surficial deposits in
western Surprise Valley (map B) shows fault scarps in alluvial and colluvial
deposits that have an apparent Holocene age (£ 10,000 years; Hopkins, 1975).
These relations are described more fully below. Demonstration of Holocene or
historic displacement along a fault is commonly recognized criteria for®the
fault to be considered capable of movement at any time and for it to be
regarded by the State of California as "active" for engineering and land-use
planning purposes (Hart, 1977, p. 7).

Faults have influenced local erosion and deposition in western Surprise
Valley. Where vertical offset of the land surface has occurred, streams that
flow from the Warner Mountains to the playa lakes in the center of Surprise
Valley have entrenched the relatively upthrown sides of fault scarps along
both the range-front fault and along faults on the valley floor. A1l orders
of drainages, from ephemeral gullies to trunk streams, are entrenched in the
upthrown land surfaces. On aerial photographs fault traces are marked by
fault scarps and by the alinement of the mouths of drainage channels along the
length of the scarp. Incised streams have eroded and transported debris from
upthrown land surfaces and deposited sediment onto downthrown land surfaces
producing small alluvial fans and cones that emerge from the mouths of
entrenched channels along the base of fault scarps. These small alluvial fans
and cones are in disconformable contact with older, underlying deposits on
downthrown land surfaces.

Faults in western Surprise Valley have locally dammed moving ground water
in young deposits and have formed springs and vegetation boundaries along
their lengths. Also, displacements have locally juxtaposed contrasting
deposits and soils to produce linear contrasts in color, texture, or
distinctive vegetational effects. Lineaments of photo-tonal contrast,
vegetation, or simple photo lineations of problematic origin are thought to
represent fault traces that have little or no topographic expression. This
conjecture seems justified where photo lineaments line up well with the trend
of nearby fault scarps. However, the assumption could not be verified through
interpretation of aerial photographs or field reconnaissance. Such features
are therefore shown on the maps as dashed lines, indicating uncertainty
regarding their significance.

Other geomorphic evidence that suggests late Quaternary faulting in
western Surprise Valley includes faceted spurs along the eastern base of the
Warner Mountains and knickpoints in stream channels of the mountains.

The eastern face of the Warner Mountains forms an abrupt and imposing
escarpment rising prominently above Surprise Valley, and planar faceted spurs
are locally well developed along the mountain front. Such spurs are
describea, in general, by Wallace (1978, p. 641-643), as representing the
degraded form of a range-front normal fault plane that has been exposed during
repeated faulting events as a surface that is initially inclined at 50° to
90°, and then eroded to slopes of 25° to 35° through time. Faceted spurs are
estimated to endure as characteristics of fault-generated mountain fronts in
the Great Basin on the order of 106 years (Wallace, 1978, p. 648). Their
presence along the eastern face of the Warner Mountains suggests episodic
rejuvenation of the range during Quaternary time.

An abrupt step or break in the longitudinal profile of stream channels in
the Warner Mountains occurs near the mouth of many canyons and gullies along
the range front. These knickpoints are manifested as waterfalls up to 10 m
high when-seasonal runoff flows through the channels. Incremental faulting at
a rate greater than the rate at which affected streams are downcutting their
channels is commonly thought to have produced disruptions in base level with
resultant knickpoints in drainage profiles. However, the presence of such
features cannot be regarded as definitive evidence for faulting (Blackwelder,
1928, p. 297).  For example, the presence of a particularly resistant
lithology or hydraulic effects like varying sizes of drainage basins and
streams (Russell, 1928, p.481) are complicating factors that must not be
disregarded. The great abundance of knickpoints along the front of the Warner
Mountains in close association with the youthful range-front fault, however,
is evidence for relative uplift of the range as a contributing agent in the
genesis of these features. No knickpoints are found in drainage channels in
unconsolidated surficial deposits on the valley floor.

AGE OF MOST RECENT FAULTING

Late Quaternary deposits of pluvial Lake Surprise, the large glacial-age
Jake that once filled Surprise Valley, and associated alluvial fans from the
Warner Mountains provide valuable datums for assessing activity alon? the ~
Surprise Valley and associated faults once their age and offset, or lack of
offset, by faults is known. Geologic mapping of surficial deposits in
Surprise Valley distinguishes eleven lacustrine and alluvial units that are
differentiated by morphology, superposition, sedimentary characteristics, and
the occurrence of fossils. Most of these units appear to be offset by
faults.

Surficial units are described on map B according to the criteria noted
above. A1l of the sediments are unconsolidated and formed in response to late
Quaternary pluvial events and tectonic uplift of the Warner Mountains. The
mineralogic composition of the various units reflects the composition of the
sedimentary and volcanic rocks in the Warner Mountains, which are not
differentiated on map B. Generally, textures are coarse near the mountain
front and become more fine-grained toward the center of the valley. In most
cases, thicknesses are unknown because both the top and bottom of each unit
are not always exposed.

Age of deposits

The age of surficial deposits in western Surprise Valley and the resultant
age of the faults that displace them are closely related to late Quaternary
levels of pluvial Lake Surprise. (Faults that offset deposits, of course,
must be younger than the deposits themselves.) Unfortunately, an absolute
chronology of fluctuations of Lake Surprise, based on radiometric dates from
within the basin, has not yet been developed. The late Wisconsin oscillations
of pluvial lakes in the western United States, however, are known to have been
more or less synchronous, as shown in well-documented histories from diverse
locations in the Great Basin, such as Searles Lake (Smith, 1968), Lake
Bonneville (Eardley and others, 1973), and Lake Lahontan (Benson, 1978). Late.
Wisconsin levels of Lake Lahontan, the great pluvial Take of northwestern
Nevada, are particularly germane to the history of Lake Surprise primarily
because the two were so near each other.

Lake Lahontan analogue

With the benefit of earlier, pioneering studies of late Wisconsin levels
of the Lahontan system (Broeker and Orr, 1958; Broeker and Kaufman, 1965;
Morrison, 1964; and Morrison and Frye, 1965), as well as his own geochemical
and radiocarbon data, Benson (1978) developed the first inte?nallf consistent:
absolute chronology of middle and late Wisconsin oscillations of Lake Lahontan
(fig. 2). Benson (1978, p. 313) recognized two high stands of Lake Lahontan
within the past 25,000 radiocarbon years, during which all nine of the
hydrologic basins which composed the Lahontan system were joined. Maximum
lake levels were maintained during the periods from 25,000-21,500 years B.P.

and 13,600-11,000 years B.P. In the intervening time, from about 21,500 to
15,000 years B.P., Lake Lahontan stood nearly 100 m below its maximum Tlevel,
and only 7 or 8 of the subbasins were filled. About 11,000 years B.P., lake
levels quickly receded, and during the period 9,000-5,000 years B.P., there
was complete desiccation in most subbasins and a dramatic reduction in size of
the Takes in others. Throughout much of the period from 5,000 years B.P. to
the commencement of significant agricultural irrigation in the Lahontan basin
during the 19th and 20th centuries, only shallow and (or) ephemeral playa
lakes have persisted in northwestern Nevada.

Middle and late Wisconsin high-water levels of Lake Lahontan are reflected
in the stratigraphic record. Stratigraphy of the Lahontan basin developed by
Morrison and Frye (1965) indicates that the lacustrine Sehoo Formation was
deposited in Lake Lahontan during high-water stages. The maximum and minimum
ages of the Sehoo Formation proposed by Morrison and Frye (1965) have been
revised by Davis (1978) according to time-stratigraphic control provided by
carbon-14 dates and associated tephra layers within the unit. According to
Davis (1978, p. 7), the Sehoo Formation records relatively high lake levels of
Lake Lahontan from about 35,000-10,000 years B.P. E

The middle and late Wisconsin pluvial history of Lake Lahontan provides a
framework for estimating fluctuations in the level of Lake Surprise for the
same period. The proximity of the basins suggests that oscillations of Lake
Lahontan dated by Benson (1978) and Davis (1978) could have been matched by
equivalent and synchronous changes in the levels of Lake Surprise. For
example, the occurrence of tephra, called the Trego Hot Springs Bed by Davis
(1978), interbedded with lake beds in Surprise Valley and within the Sehoo
Formation of the Lahontan basin (Davis, 1978, p. 38 and 39) provides
time-stratigraphic correlation for lacustrine sediments in Surprise Valley and
the Sehoo Formation (fig. 2). Petrographically, Trego Hot Springs tephra is
distinguished by its high proportions of plagioclase, opaques, biotite,
hornblende, lack of cummingtonite, and distinctly elongated shards. In
southern Surprise Valley (NE1/4 sec. 29, T. 39 N., R. 17 E.), identification
of Trego Hot Springs tephra has been documented by Davis (1978, p. 127). An
ash bed in north-central Surprise Valley (NE1/4 sec. 3, T. 43 N., R. 16 E.)
has been tentatively identified as Trego Hot Springs tephra (J. 0. Davis,
written commun., 1980). In exposures of the Sehoo Formation in the Lahontan
basin, Trego Hot Springs tephra lies stratigraphically above the tephra
called the Wono Bed by Davis (1978). The Wono has a radiocarbon age of about
25,000 years B.P. (Davis, 1978, p. 43), and the Trego Hot Springs tephra is
perhaps 20,000 years old (J. O. Davis, written commun., 1980). Thus, Lake
Surprise existed at intermediate or possibly at very high water levels when
Trego Hot Springs tephra was deposited in the basin. -Also, it seems likely
that the most recent pluvial high stand of Lake Surprise correlates with the
youngest high-water stage of Lake Lahontan from 13,600 to 11,000 years B.P.
The well-preserved, conspicuous high shoreline along the lower flanks of the
mountains that surround Surprise Valley presumably formed at this time,
although it has likely been occupied by earlier high stands of the take as
well.

Lake Surprise evidently receded rapidly after 11,000 years B.P., as did
Lake Lahontan and other pluvial lakes in the Great Basin. BE&ds Of relatively
pure evaporite and associated brine occur in Middle Alkali Lake a short
distance Below the ground surface (Russell, 1927, p. 327). These deposits
probably formed 9,000 to 5,000 years B.P., corresponding to a period of
desiccation_in the Lahontan system (Benson, 1978). In addition, the evaporite
beds likely“correlate with the "upper salt" in the Searles Lake basin, which
has been dated- 10,000-6,000 to years B.P. (Smith, 1968, p. 296). Certainly,
Lake Surprise had shrunk to at least the size of the playa lakes now found in
the valley by 5,600 years B.P., the radiocarbon age from an archeological site
located near the lowest point in Surprise Valley (0'Connell and Ericson, 1974,
Pabs)e

The ages of middle and late Wisconsin fluctuations of Lake Surprise, as
inf@?red from the chronology of changes in the level of Lake Lahontan, provide
a-means with which to estimate the absolute ages of surficial deposits in
Surprise Valley. Evidently, the depositional history of Surprise Valley from
about 20,000 to 10,000 years B.P. was dominated by lacustrine depositional
processes, and the past 10,000 years B.P. has been a time of chiefly fluvial
sedimentation. Exposed lake deposits correlate with the Sehoo Formation of
the Lake Lahontan basin anda are apparently late Pleistocene (approximately
10,000 to 20,000 years old) in age. Colluvial and alluvial deposits that
stratigraphically overlie lake sediments, and that are also youthful and
laterally continuous depositional surfaces, are apparently Holocene ( 10,000
years old) in age.

The apparent ages derived for surficial deposits in the western part of
Surprise Valley have direct implications for the age of most recent surface
faulting along the Surprise Valley and related faults. The distribution of
surficial deposits with respect to fault traces shown on map B reveals that
deposits with an apparent Holocene-age have been offset by faults, suggesting
that surface faulting has occurred in western Surprise Valley during the last
10,000 years.

SIGNIFICANCE OF LOCATING AND DATING FAULT TRACES

The identification and location of faults is an important step in
assessing the potential for damaging earthquakes. Fault planes are the locis
of energy release during earthquakes, and fault traces are the places where
ground-surface rupture has occurred in the past. Some scarps in Surprise
Valley plainly show that some faults have broken repeatedly along the same
trace. An abrupt increase in scarp height of several meters in passing from
younger to older deposits demonstrates earlier episodes of displacement of the
older deposits along the same fault strand. For example, fault scarps at
measuring sites 12 and 16 (see map A) are formed in Pleistocene deltaic
deposits and are 12.5 m and 14.2 m nigh, respectively. Scarps that are found
between these sites, at measuring sites 13, 14, and 15, are formed in Holocene
fluvial deposits and are 3.8 m, 4.9 m, and 3.7 m high, respectively.

Normal faults elsewhere in the western United States display similar
evidence of repeated movement along the same narrow strands, some of it
associated with historic earthquakes. Witkind (1964) and Wallace (1980)
described fault scarps produced during the Hebgen Lake, Montana, earthquake of
1959, that closely followed existing fault scarps and represented reactivatian
of fault displacement. Correspondingly, fault rupture accompanying the 1915
Pleasant Valley, Nevada, earthquake occurred at the base of an older fault
scarp having pronounced breaks in slope on the upthrown side that reveal a
history of multiple displacements along that particular fault segment
(Wallace, 1977, p. 1279). ; .

These and similar observations in other areas indicate that fault rupture
during future earthquakes in Surprise Valley is likely to occur along the
-mapped fault traces. However, fault movement need not be confined to mapped
features nor need it occur on all of them. Surface fracturing may develop
anywhere within the fault zone or on branching or other faults beyond the
fault zone. Gaps or discontinuities along the main fault traces shown on the
maps do not necessarily represent stable or unfaulted segments; they may be
places where no obvious surficial evidence for faulting survives. This is
especially true in the northern third of Surprise Valley, where wave action
and sedimentation in Upper Lake might have effaced youthful scarps and other
fault features which may have formed on the valley floor within the basin of
this playa lake.

Faults that have moved historically and (or) one or more times during the
past 10,000 years can be regarded as capable of generating earthquakes at any
time (e.g., Hart, 1977, p. 7). Recently active faults in Surprise Valley
should be recognized as geologically hazardous by builders, planners,
engineers, landowners, school boards, civil defense officials, or by anyone
concerned with existing manmade structures, land utilization, or planned
construction on or near faults shown on the maps. No one can yet accurately
predict when movement on recently active faults will occur or which faults
will move next, but it is virtually certain that some will move again.
Lacking detailed examination of past fault behavior at a given site, it is
prudent to assume that individual segments displaying well-preserved or
numerous features of recent activity have a high potential for displacements
and earthquakes.

IMPORTANT ASPECTS OF THE SURPRISE VALLEY AND ASSOCIATED FAULTS
Northern and southern terminus of fault system

The northern and southern ends of the Surprise Valley fault system are not
clearly defined. From Fandango Pass to the north end of the map area, the
range-front fault is a zone of discontinuous faults of variable strike with an
overall trend that differs from the strike of the frontal fault at other
locations along the base of the mountains. The dominant features of this part
of the range front consist of a complex association of faulting, large-scale
landslidingyand wave modification by pluvial Lake Surprise along the Tower
flanks of the Warner Mountains. It is not clear whether these processes have
influenced the observed fault pattern; however, landsliding, wave action, and
perhaps stream erosion might have altered the position, expression, or
continuity of fault traces in this area.

The southern 10 km of the mountain front is a very steep, precipitous
bedrock escarpment rising to a maximum of 250 m above the valley floor.
Youthful fault scarps are lacking at the base of this cliff. If such features
had formed in this area during prehistoric earthquakes, they are probably now
buried by talus from the cliff or by roadfill for the paved road that now
closely follows the base of the escarpment.

There may be structural continuations of both the northern and southern
ends of the Surprise Valley fault system as shown on the maps. For example, a
northeastern projection along the strike of faults at the north end of the map
area alines well with a historically active normal fault (Schaff, 1976, p. 42)
on the west side of Warner Valley, Oregon (not shown on map). The possibility
of such a relation has been offered by I.-C. Russell (1884, p. 449) and by R.
J. Russell (1928, p. 444). In addition, Bonham and Papke (1969) infer a
normal fault on the west side of Duck Flat, Nevada (not shown on map) that
might be related to the southern part of the range-front fault in Surprise
Valley.

Lateral offset

Conclusive geomorphic evidence for a horizontal component of fault slip
along the Surprise Valley and associated faults is absent. Russell (1928, p.
454), however, derived a component of left-lateral slip along the range-front
fault near Vaughn Canyon (sec. 19, T. 45 N., R. 16 E.) on the basis of
orientation of slickensides exposed in a bedrock fault plane. In the same
area, there is topographic evidence that signifies possible right-lateral
offset along one of the faults within a wide zone of northwest-trending faults
(see map B) in the area of Fandango Valley in the Warner Mountains. Along the
eastern face of the range, several narrow gullies are apparently offset a few
meters in a right-lateral sense for a short distance along the trace of the
fault (map A). This evidence is meager and is best regarded as being a
preliminary observation that suggests a component of right-Tateral slip along
the fault, but is not necessarily conclusive documentation.

Lake City fault zone

The Lake City fault zone has been recognized through geophysical
techniques between Upper Lake and Middle Alkali Lake as a northwest-trending
zone of fractures that is about 610 m wide with at least two principal strands
(D. B. Hoover, unpub. data, 1975). In the western part of Surprise Valley,
the fault zone is also expressed as a group of obscure, low scarps and photo
lineaments. The northwest-trending linear form of the southwestern shoreline
of Upper Lake appears to be controlled by the position of the Lake City fault
zone. To the southeast, the surface expression of the fault zone becomes
progressively less distinct and eventually disappears beneath poorly
,consolidated lacustrine and eolian deposits, but geophysical data suggest the
subsurface continuation to the east side of the valley (Ford and others, 1963,
pl. 21). In the central part of Surprise Valley, anomalies in apparent
resistivity determined from audio-magnetotelluric (AMT) soundings suggest that
the Lake City fault zone splays to the south (D. B. Hoover, unpub. data,
1975). If it does, the northwest-trending shoreline of Middle Alkali Lake
might also be controlled by faulting.

The low, broad topographic ridge that separates Upper Lake from Middle
Alkali Lake might have formed as a result of vertical movement within the Lake
City fault zone. This type of movement is also suggested by the elevations of
the playa lakes on either side of the Lake City fault zone: the
high-shoreline elevation of Upper Lake is 1,357 m (4,450 ft), which is 6 m
lower than the high-shoreline elevation of both Middle Alkali Lake and Lower
Lake at 1,363 m (4,470 ft) (elevations from published and unpublished U.S.
Geo]o?ical Survey 7.5-minute quadrangles). Trego Hot Springs tephra may be a
useful datum in evaluating the nature of Quaternary offset along the Lake City
fault zone. For example, if the tephra layer were to be found on either side
of the zone of fractures, the rate, type, and amount of movement along these
structures since the deposition of the tephra might be determined.

The northwest-southeast orientation and linearity of the Lake City fault
zone imply that these fractures might be predominantly strike-slip faults,
although there is no further geomorphic evidence to support this assumption.
Moreover, there may be a structural relation between the northwest-trending
faults near Fandango Valley and the Lake City fault zone, but the details of
any such association are unclear.

Variations in scarp morphology

Fault scarps on the floor of Surprise Valley often have a topographic
expression that is more subtle than the topographic expression of scarps along
the range front, even though offsets occur in deposits of the same age.

Scarps that are formed in fine-grained lacustrine and medial-to-distal
alluvial fan deposits found toward the center of the valley tend to be shorter
in height and inclined at lower angles than are scarps in colluvium or
proximal fan deposits near the range front. For example, the scarp at
measuring site 10, in fine-grained alluvial fan deposits 3.8 km from the
mountain front, is 1.5 m high and is inclined at 13°, while the scarp at
measuring site 13, located along the same fault trace, but closer to the
mountain front and formed in coarse-grained alluvium, has a height of 3.8 m
and is inclined at 22°. The differences in character of scarps found near the
range front and toward the center of the valley are likely the result of
variations™in texture and induration of the scarp-forming materials: soft,
fine-grained lacustrine and distal fan deposits apparently do not support
scarps as well as cparse-grained colluvium and alluvium near the range front.
Studies by Dodge and Grose (1979 and 1980) on slope angles of scarps along the
Black Rock fault in northwestern Nevada indicate that rates of fault-scarp
degradation are greater for scarps formed in fine-grained materials than for
those occurring in coarse-grained deposits. Thus, texture and induration of
scarp-forming materials appear to be important influences on the geomorphic
expression of fault scarps in unconsolidated deposits. Alternatively,
differential fault pffset may have produced the observed differences in scarp
height in Surprise Valley. Bucknam and Anderson (1979) have shown that higher
scarps tend to be steeper than lower scarps of the same age.

SUMMARY

Geomorphic and topographic evidence for youthful faulting in Surprise
Valley is abundant. The Surprise Valley and associated faults display surface
features that are characteristic of historically active faults elsewhere in
the Great Basin. While there has not been significant historic seismicity in
Surprise Valley, geblogic mapping of surficial deposits that are displaced by
faults suggests that surface faulting has occurred, perhaps repeatedly, along
the Surprise Valley fault system within the last 10,000 years. The apparent
recency of multiple earthquakes in Surprise Valley, as interpreted from the
geologic record, suggests that surface faulting and earthquakes are likely to
recur. Thus, on the basis of this preliminary study, the Surprise Valley and
related faults should be considered capable of movemént at any time.

The faults on map A and the surficial deposits shown on map B were
identified primarily from geomorphic evidence revealed by study of aerial
photographs and reconnaissance field observations. A more thorough evaluation
of recent faulting in Surprise Valley requires additional investigation that
will support or deny conclusions drawn in this preliminary study.
Investigations using trenches, borings, and natural exposures to investigate
faulted young deposits and fault-related deposits may yield carbon-14 ages and
displacement rates along the various strands; so far none has been carried out
in Surprise Valley. As more detailed geologic mapping and special fault
studies continue, additional young faults will be identified and added to
fault maps of the area, and others will be eliminated. Such investigations
will gradually increase our knowledge of rates, amount, and type of past
movement along the Surprise Valley and associated faults.
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Figure l.--Diagrammatic 3-dimensional sketch emphasizing geomorphic features
indicative of youthful faulting in western Surprise Valley.
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Figure 2.--Inferred correlation of levels of Lake Lahontan and stratigraphy in Lahontan
basin, Nevada, and surficial deposits on west side of Surprise Valley. Correlation is
based primarily on occurrence of the Trego Hot Springs tephra in Lahonton basin and
in Surprise Valley.
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