DEPARTMENT OF THE INTERIOR
Us GECLOUGICAL SURVEY

e/

114°00° 2§ R 18 W. ?ﬁ R17 W

13w 31 157

LAKESIDE 16 MI.
84

30

39 ; v 112°00°

’ R. 186 W,
BOX ELDER COUNTY
“NoGE RTY
Y

41°00T 77T

454

103N

narch Well

%
‘GARRINGTON JSLAND

HRECISION BOMBING RANGE

ger islund

T WENDOVER 2 Mi.

T.2 8.[

Elevation

N\

=ry41°00°

AT 2 N

;
October 1969
4195

o
<
- PN

s

|
adio '43/5§
TawersiO)

SALT LAKE CITY € ML Z

1

%;%m“gz

PACIFIC

TEACIEIE o

2
o1
ook
r

SALT LAKE CITY

Black Rock ‘;},,

SALT LAKE CITY 11 ML,

4231 ¢

#lis W

e H
i
o }(_}rcmg'czfiite I\

2@

WEST JORDAN 4 MI. v

TO U.S. ALT. BO

- 13 M

NNG*
<

3 ML W

RIVERTON

30"

U8

TIPPETT 24 Mi

~Target Grids - /- /T

LEMI 8 MIL WV

X }F’Q“‘" s ol oo e, imirs

mile
Pégs

I
F
IR
oReE i

s
Lo

Target ’ridé'{

SRy

L Sl

‘WO \3\\,“‘"

575C
U'\\M\E

=

i&??\

gahéreiﬁmn /e
B

U Water Ta
724 ptfiﬂ
—

"“""
g

e
S

T8 5.

7 000"

40°007 ;
114°007 ¢ R. 19 W.op0000m.[

CALLAO 8 M1,

| GOSHUTE INDIAN VILLAGE 8 M1

113°007 R. 10w, ’;{4
33 FiISH SPRINGS 35 M.

35457 R 8 W

VIOUtliLatl
R 7 W

R.Z W 1 112°00¢

Base from U.S. Geological Survey, 1953 (revised 1970)

EXPLANATION

Fault scarp in basin-fill sediments--Dashed where approximately
located. Ball and bar on downthrown side

---------- Suspected Pleistocene faulting of either a bedrock—alluvium
contact or a geomorphic feature not examined in field

Fault—-scarp zone and name

Highstand of Lake Bonneville--Approximately located

INTRODUCTION

This report is one of a series of studies of western Utah (Anderson and
Bucknam, 1979; Bucknam and Anderson, 1979b), eastern Nevada (Barnhard, 1985),
and central Nevada (Wallace, 1979) that shows the distribution, relative age,
and amount and extent of surface rupture on Quaternary fault scarps. Previous
paleoseismicity studies in the Tooele 1°%2° quadrangle include reports by
Gilbert (1928), Bucknam (1977), Anderson and Miller (1980), Bucknam and others
(1980), and Everitt and Kaliser (1980). Geologic and geophysical data
pertinent to paleoseismicity of the Tooele 1°x2° quadrangle can be found in
reports by Mikulich and Smith (1974), Cook and others (1980), Smith and Bruhn
(1984), and Arabasz and others (1987). The present study is a continuation of
mapping fault scarps in 1°x2° quadrangles in the Basin and Range province; the
purpose is to determine the youngest surface-faulting age and distribution of
fault scarps for earthquake-hazards analysis.

The accompanying map shows 10 areas containing late Quaternary fault
scarps formed on unconsolidated sediments in the Tooele 1°x2° quadrangle,
northwestern Utah. The faulted sediments include sandy, pebbly, to bouldery
colluvium, alluvium, and lacustrine deposits. They are inferred to have been
deposited in Quaternary time during the latest phase of basin-filling
sedimentation.

Because the map shows only scarps on unconsolidated sediments, it does
not show all faults that could produce earthquakes. A comprehensive map of
all Quaternary faults would also include those in bedrock and at the contact
of bedrock and alluvium, as well as Quaternary faults that appear only as
lineaments in surficial deposits.

Initial study involved photointerpretation of high-quality 1:60,000-scale
black and white aerial photographs of the map area; offsets as small as 1 m
could be detected from these photos if the faults cut planar surfaces of
considerable extent. A map of suspected fault scarps, identified from the
photointerpretation, was compiled at a scale of 1:250,000 and served as a
guide for subsequent field studies in conjunction with a similar map from
Bucknam (1977). We have chosen not to connect discontinuous segments of
aligned fault scarps unless there is compelling evidence of continuous surface
rupture.

Field studies consisted of (1) confirming scarps as fault related and
deleting from the preliminary map those features that were not fault related
or that had no surface offset (lineaments), (2) searching for stratigraphic
indicators of amount and age of offset, and (3) measuring surface profiles
according to procedures described in Bucknam and Anderson (1979a). We
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profiled selected fault scarps where they were sufficiently continuous and
unmodified by fluvial deposition or erosion.

In the early morning or late afternoon when the sun was at low angles,
additional field searches were made for scarps resulting from ground ruptures
that had not been identified during the photointerpretation phase of the
study. No additional scarps were found.

Techniques that yield the relative age of fault scarps can be used as a
guide to the frequency and location of relatively large earthquakes. For
large regions, geologically determined rates of seismic activity in the Basin
and Range province are generally in good agreement with rates determined from
historic seismicity (Bucknam and Algermissen, 1984). Fault-scarp studies such
as this have been used as a guide in locating boundaries of seismic source
zones used in probabilistic earthquake hazard estimates of the Basin and Range
province (Thenhaus and Wentworth, 1982; Bucknam and Thenhaus, 1983).

We will first discuss the geologic setting of the map area and attributes
of fault-scarp morphology, and then discuss the individual fault zones.

GEOGRAPHIC AND GEOLOGIC SETTING

The Tooele 1°x2° quadrangle lies within the eastern Great Basin in the
Basin and Range province of western Utah (Fenneman, 1946). The map area
consists of structurally controlled, relatively narrow, north-trending ranges
and broader intervening basins. 1In the eastern half of the map area, about 60
percent of the area consists of alluviated basins below an altitude of 1,310 m
(4,300 ft); mountain ranges cover the remaining 40 percent of the area at
elevations as high as 3,170 m (10,400 ft). About 90 percent of the western
half of the map area is covered by the Great Salt Lake Desert at altitudes
between 1,280 m and 1,310 m (4,200 and 4,300 ft); only 10 percent of the
western half consists of mountain ranges (fig. 1).

Bedrock in the map area ranges from Precambrian to Tertiary in age (Moore
and Sorensen, 1979), but is predominantly Paleozoic marine sedimentary rocks
with lesser amounts of Tertiary volcanic rocks. Minor intrusive rocks of
Jurassic and Tertiary age are also exposed in the map area. Quaternary
volcanic rocks are not exposed in the map area.

Unconsolidated to moderately consolidated Quaternary sediments cover
about 75 percent of the map area (fig. 1). These Quaternary sediments consist
of alluvium, colluvium, playa deposits, sparse glacial deposits, and
lacustrine sediments deposited in Pleistocene Lake Bonneville. Alluvial
deposits of at least three discrete ages are recognized in the quadrangle:
(1) Holocene alluvium typically deposited in ephemeral stream channels, (2)
alluvial deposits younger than Lake Bonneville, and (3) one or more alluvial
deposits that predate the last deep-lake cycle of Lake Bonneville. With the
exception of sparse late Pleistocene glacial deposits and Holocene stream-
channel deposits, Quaternary deposits are generally limited to and have
accumulated in fault-bounded basins.

Pleistocene Lake Bonneville occupied about 80 percent of the map area at
its highest stand (Snyder and others, 1964), which occurred near the end of
the last deep-lake cycle (32-10 ka, Currey and Oviatt, 1985). At this time,
it occupied some 50,000 km“ of western Utah, eastern Nevada, and southern
Idaho. Occupation of Lake Bonneville at the Bonneville shoreline occurred
about 16-15 ka (Scott and others, 1983; Currey and Oviatt, 1985); the
shoreline is marked by lacustrine deposits that formed beaches, spits, and
bars at and below 1,609 m (5,280 ft) throughout the map area.
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FIGURE 1.--Generalized geologic map of the Tooele 1°x2° quadrangle, Utah.
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METHOD FOR DETERMINING AGES OF FAULTING
MEASUREMENT OF SCARP PROFILES

Detailed traverses were made perpendicular to the surface traces of the
faults in a manner described by Bucknam and Anderson (1979a). A 4.5-m
telescoping stadia rod and a vernier-scale hand level were used to measure the
angular changes in slope along the traverse. Scarp height (H) and surface
displacement (D) are graphically determined from computer plots of scarp
profiles as depicted in figure 2. The surface-slope angle (y) and maximum
scarp-slope angle (§) are determined in the field. The average maximum scarp-
slope angle is calculated from maximum scarp-slope angles determined at four
locations close to and parallel to the traverse. This averaging is done to
lessen the effect of any small, local topographic irregularities, such as
those caused by clumps of vegetation, animal burrows, and concentrations of
clast near the point of maximum scarp-slope angle. The data pair (H, §) from
each profile is used to estimate the age of faulting (described later in
text). '

v= Surface-slope angle

0= Maximum scarp-
slope angle

H = Scarp height
S = Surface offset

FIGURE 2.--Diagrammatic profile of a fault scarp (from
Machette and others, 1986, fig. 2).

COMPOUND FAULT SCARPS

For compound scarps (formed by more than one surface-faulting event),
generally only the cumulative amount of scarp height and surface offset can be
determined from profiles. However, if the most recent surface-faulting event
is sufficiently young and if it can be recognized as a distinctly steeper
slope scarp superposed on an older scarp (compound profile), the scarp height
of the most recent single event (Hs) can be separated from the total offset of
the multiple event (Hm) (fig. 3). The amount of surface offset (Hs)
associated with the youngest event also can be determined independently by
measurement of smaller scarps present in deposits that postdate earlier
faulting events. For compound scarps that do not have compound profiles, the
value given for surface offset is the cumulative surface offset, and that
value cannot be directly compared with a value calculated from the
relationship of magnitude to displacement for a single surface-faulting event
(Slemmons, 1977), but can be used to calculate approximate net-slip rate if
the age of the offset deposit is known.

v= Surface-slope angle

g = Secondary scarp-
slope angle

0 = Maximum scarp-
slope angle

Scarp height:
Hs= single-event
Hm= multiple-event

FIGURE 3.--Diagrammatic profile of a compound fault scarp
(from Machette and others, 1986, fig. 4).
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CHARACTERISTICS OF SCARP PROFILES

Wallace (1977) recognized that the morphology of scarps could be used
quantitatively to estimate the age of faulting in central Nevada. In general,
the slope angle of an initially vertical scarp decreases with age, but Bucknam
and Anderson (1979a) found that the slope of a scarp is also strongly
dependent on its height as well as its age. In order to make direct
comparisons between different scarps, it is necessary to account for this
dependence on scarp height, by normalizing data from various scarps to the
same height. If profiles for each scarp or group of scarps are measured over
a broad range of scarp heights, then one can define an empirical morphometric
relation of maximum scarp-slope angle (f#) against scarp height (H). The most
commonly used relation is between § and log of H. The resulting regression
equation can then be used as an aid in comparison of different-age scarps or
to help clarify data with scatter.

The profiles of some fault scarps consist of two distinct slope segments;
that is, they show a compound profile, The steeper of the two segments
probably reflects renewed movement on the fault, and the gentler segment
represents former scarp slopes related to one or more older displacement
events. Scarps having profiles that show systematic, steep, youthful-looking
segments and gentler, older segments represent more than one surface rupture
and are designated compound scarps (Wallace, 1977). The number of individual
displacement events suggested by the morphology of the compound scarp is
clearly a minimum. Such compound scarps are interpreted as resulting from
earthquakes and not from fault creep because the creep rates would have to
vary dramatically over the displacement history in order to produce the
observed scarp morphology. In addition, historic earthquakes have produced
fault scarps at 11 locations in the Basin and Range province, whereas no
historic scarps in the province have formed by fault creep.

Although many scarps in western Utah and eastern Nevada are as much as 25
m high, some show no morphometric evidence of compound slopes. However, the
amount of offset associated with these scarps, when compared to those produced
by historic earthquakes of large magnitude, seems too large (5-10 times) to
have been formed in a single displacement event. It is assumed that most, or
possibly all, of these very large scarps were produced by several discrete
displacement events. The smooth profiles indicate that the time elapsed since
the last displacement event has been sufficiently long for erosional processes
to remove evidence of a compound profile.

Table 1 lists the range of azimuthal values of scarp-slope directions for
each fault 2zone in the map area. Pierce and Colman (1986) found that
deviations from an east or west inclination direction of a scarp influences
the rate of morphological degradation. The slope inclination direction
results in a different exposure time and incidence of solar-beam radiation on"
the scarp surface, thereby influencing such factors as freeze-thaw cycles,
soil moisture, and vegetative cover. In Idaho, Pierce and Colman found that
north-facing scarps are less degraded and have steeper maximum scarp-slope
angles than south-facing scarps; east- or west-facing scarps are intermediate
in the amount of degradation and have scarp-slope angles between those of
north- or south-facing scarps.

The climate in the map area is considered semiarid (U.S. Department of
Agriculture, 1941), so processes responsible for fault-scarp modification are
assumed to be similar to those acting on the Lake Bonneville shoreline scarps
studied by Bucknam and Anderson (1979a) in west-central Utah. 1In addition,
the faulted materials are comparable to those in which Lake Bonneville
shorelines have been cut. If these assumptions are valid, then regression
equations for data from fault scarps within the map area can be compared
directly to the regression equation for data from the highest shoreline of
Lake Bonneville (about 15 ka) to estimate fault-scarp ages relative to the
shoreline scarps.

MEASUREMENT OF FAULT LENGTH

The lengths of fault scarps given in table 1 are the straight-line
distances between the end points and only reflect the minimum length of the
subsurface faulting that produced the scarp. In general, the lengths given in
table 1 are minimum values for the length of the associated fault zone.

Data collected by T.P. Barnhard and R.L. Dodge, 1977-86

Approved for publication by the Director,
U.S. Geological Survey, May 20, 1988

ASSIGNMENT OF RELATIVE AGES TO FAULT SCARPS

The following critera were wused to assign relative ages to fault
scarps: (1) crosscutting relationships with Lake Bonneville shoreline
features and (2) the relative position of scarp profile data relative to that
of the highstand of Lake Bonneville. Data for fault scarps considered to be
of Holocene or latest Pleistocene age (<15 ka) plot above the Bonneville
shoreline data, whereas fault-scarp data that plot below the Lake Bonneville
line are considered to be of late Pleistocene age (10-150 ka). The farther
the data plot below the Lake Bonneville line, the greater the antiquity
inferred for those scarps.

For scarp zones with seven or fewer measured scarp profiles, maximum
scarp-slope angle (#) versus scarp height (H) for each profile in the zone are
plotted as individual points. In scarp zones with more than seven measured
profiles, maximum scarp-slope angle (#) was plotted against the logarithm of
scarp height (H), and the resultant line of best fit is plotted.

The highest stand of Lake Bonneville is considered to have been about 16-
15 ka (Scott and others, 1983; Currey and Oviatt, 1985), which is used as a
reference age for plots of scarp data of unknown age. For comparison, figures
4, 6, and 8 through 13 show the regression-equation line derived for the
highest wave-cut shoreline (scarp) of Lake Bonneville. That line is based on
data with a regression equation of § = 3.66+21.4 log H (R.C. Bucknam, written
commun., 1982).

Profile data were not collected from areas of scarp =zones where
semiconsolidated sediments in the footwall block are juxtaposed with
unconsolidated sediments in the hanging-wall block, or where the footwall
block was bedrock. These scarps were not profiled because their morphology
could not be compared with scarps formed entirely on unconsolidated sediments.

Several areas on the map show scarps of suspected structural origins.
These suspected scarps are shown as lines of dots on the map. The suspected
scarps were identified from photointerpretation and represent either linear
bedrock-alluvium contacts or features in alluvium, not field-examined, that
could have been produced by tectonic processes. Linear bedrock-alluvium
contacts were not examined in the field because the technique of fault-scarp
profiling cannot be applied to this type of fault contact. These suspected
structural features are included on the map for completeness.

RESULTS

The results of this study suggest that two of the fault zones are post-
Bonneville highstand in age, seven of the fault zones are pre-Bonneville
highstand in age, and that the age of two of the fault zones, relative to the
Lake Bonneville highstand, is uncertain. Table 1 summarizes data for fault-
scarp zones. Two factors are considered in the dating procedure: (1) age
relative to Lake Bonneville shoreline features of known age, and (2) relative
age determined quantitatively from scarp profiles.

NORTHERN OQUIRRH FAULT ZONE

On the west side of the northern end of the Oquirrh Mountains, a series
of prominent down-to-the-west faults offset Quaternary alluvial deposits and
form prominent scarps 2.9-10.8 m high. This zone of scarps on alluvium
extends 17 km, discontinuously from north of Lake Point to just north of Flood
Canyon. Note that the zone also extends south of Flood Canyon, where it is a
bedrock-alluvium contact (shown as aligned dots on the map) that appears to be
an extension of the surface faulting to the north. This discussion of the
northern Oquirrh fault zone refers to the 17-km length of offset alluvium and
not the bedrock-alluvium contact. The northern part of the fault zone lies
close to the range front and is buried in many places by active alluvial fans
issuing from the Oquirrh Mountains. In the middle part of the zone, the trace
of the fault scarp trends away from the range front out into Tooele Valley,
where it is less buried by alluvial fans that postdate the surface faulting.
At the southern end of the zone, the fault scarp trends back to the range
front and forms the bedrock-alluvium contact near Flood Canyon.

There 1is geomorphic evidence for recurrent faulting on the northern
Oquirrh fault zone. At three localities near the northern end of the fault

TABLE 1.--Fault-scarp parameters showing chronological implications, Tooele 1°x2° quadrangle, Utah

[Rz, coefficient of determination; S.D., estimate of standard deviation of 6; N, number of profiles
measured; leaders (--) indicate that regression equation, R4, and S.D. were not computed because
inadequate number of profiles were measured; ND, no data; N/A, not applicable]

Fault-scarp zone Regression R2 S.D. N Range of Range of Length Range of
or equation (pct) scarp surface of zone scarp vergence

shoreline scarp heights offsets (km) directions

(m) (m) (degrees)
Ranking based on profile data
Lake Bonneville 0=3.66+21.4 log H 91 1.6 61 2.0-15.1 N/A N/A N/A
shoreline’'.

Topliff Hill-—- 6=1.20+22.1 log H 92 1.9 9 1.5-7.5 1.4-5.8 7.0 242-327

Mercur————=—=——-— 0=1.22+21.3 log H 78 1.8 11 2.1-7.7 1.8-5.6 8.5 248-273

Stansbury——~—--— 0=5.7+16.6 log H 82 2.3 9 4.9-25.1 2.8-TT25.0 14.0 248-296

Sheeprock—————- 8=0.95+19.6 log H 96 1.3 8 1.9-16.5 1.4-11.5 23.0 86-129

Ranking based on qualitative evaluation of scarp morphology
Northern Oquirrh-- - —— = 8 2.9-10.8 1.3-7.3 17.0 241-14
Lake Bonneville - -— - 61 2.0-15.1 N/A N/A N/A
shoreline T.

Puddle Valley———-- == —_— - 8 1.3-4.4 0.7-2.3 2.9 76-115

Clover—-——=—=—==——- . —-— == 2 l1.1-1.2 0.6-0.7 4.0 65-81

Vernon Hills—==-—- - —-— = 2 3.3-4.3 1.7-2.3 1.8 65-92

Deep Creek———————= - —-— - 3 3.1-5.4 1.7-3.4 12.0 269-284

Saint John Station == === ND ND ND 4.5 ND

TR.C. Bucknam, written commun., 1982.
Not net tectonic offset.

TInferred relative position of time of highest stand of Lake Bonneville: about 15 ka.

MAP OF FAULT SCARPS FORMED ON UNCONSOLIDATED SEDIMENTS, TOOELE 1° x 2° QUADRANGLE, NORTHWESTERN UTAH
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zone, the trace of the most recent surface faulting diverges from an older
scarp; here four scarp profiles were measured on the most recent scarp (fig.
4). The compound scarps are as much as twice as high (4.8 m versus 10.8 m) as
the most recent single-event scarp (table 1). Eight profiles were measured on
the compound scarp and four on the single-event scarps.

The fault scarp generally lies topographically below the prominent Provo
shoreline of Lake Bonneville (1,478 m; 4,850 ft in this area). At three
localities, the fault scarp crosses above the Provo shoreline. At these three
intersections, the fault scarp offsets the abrasion platform of the Provo
shoreline, indicating that the latest surface-faulting event was post-Provo in
age (13.5-ka age for this Provo shoreline level; from Scott and others, 1983;
Currey and Oviatt, 1985).

Data for the four profiles of the most recent surface faulting (single-
event scarps with scarp heights <5 m) plot (fig. 4) parallel to and above the
regression-equation line of the 15-ka Lake Bonneville highest shoreline scarp
but below the regression-equation line for the approximately 9-ka Drum
Mountains, Utah, fault scarps of Pierce and Colman (1986). This suggests that
the age of the most recent surface faulting for the northern Oquirrh fault
zone is (1) between 9 and 15 ka and plots closer to the 15-ka age and (2) less
than or equal to 13.5 ka because the most recent faulting offsets the Provo
level abrasion platform. Therefore, we favor an age close to, but not more
than, 13.5 ka for the latest faulting event on the northern Oquirrh fault
zone.
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FIGURE 4. --Scarp-profile data from the northern Oquirrh fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points that
reflect the youngest surface-faulting event. Regression-equation line for
Drum Mountains scarps (about 9 ka) from Pierce and Colman (1986);
regression-equation line for Lake Bonneville highstand shoreline scarps
(about 15 ka) from R.C. Bucknam (written commun., 1982).

TOPLIFF HILL FAULT ZONE

West of Topliff Hill in southeastern Rush Valley, a zone of down-to-the-
west fault scarps trends approximately north-south for 8 km, from the
abandoned Topliff railroad siding south to the northern end of the East Tintic
Mountains. Fault scarps on older fan deposits are higher and more degraded
than scarps on younger fan deposits, indicating recurrent fault movement.
Most of the fault-scarp zone is topographically above and subparallel to the
highstand shoreline of Lake Bonneville. At the northern end of the fault-
scarp zone, the fault and shoreline scarps intersect southeast of the Topliff
railroad siding.

Everitt and Kaliser (1980) suggested a post-Bonneville age for the most
recent faulting in the Topliff Hill fault zone. They say the fault scarp cuts
an alluvial fan that is apparently younger than Lake Bonneville. However, the
surface that they infer to be a post-Bonneville alluvial surface has, in fact,
the highest Lake Bonneville shoreline etched into it (fig. 5). These
relationships suggest that the alluvial fan surface is pre-Bonneville in
age. Thus, the constraint is that the fault cuts a fan of greater than 15 ka
age.
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FIGURE 5.--Generalized surficial geologic map of the northern end of the Topliff
Hill fault zone. At locality A, the fault scarp is formed on pre-Bonneville
deposits and post-Bonneville deposits are not offset. At locality B, the
Bonneville shoreline and fault scarps intersect but no definitive
crosscutting (age) relations could be determined from the intersection.

We obtained nine profiles from the Topliff Hill scarp. The regression
equation for the profiles plots well below and parallel to the Bonneville
shoreline regression line (fig. 6), indicating that the last surface-faulting
event was probably pre-Bonneville in age.
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FIGURE 6.--Scarp-profile data from the Topliff Hill fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Solid line represents regression-equation line derived from nine scarp
profiles. Regression-equation line for Drum Mountains scarps (about 9
ka) from Pierce and Colman (1986); regression-equation line for Lake
Bonneville highstand shoreline scarps (about 15 ka) from R.C. Bucknam
(written commun., 1982).

MERCUR FAULT ZONE

The Mercur fault zone offsets Quaternary sediments in Rush Valley on the
west side of the southern end of the Oquirrh Mountains. The Mercur fault zone
is marked by en echelon left-stepping scarps. The 15-km-long zone of scarps
trends from Ophir Canyon south-southeast across State Road 73 and bifurcates
in the vicinity of Mercur Canyon, forming two subparallel zones that trend
southeastward to end in the Fivemile Pass area.

At the southern end of the Mercur fault zone, the fault zone intersects
the Bonneville highstand shoreline. Everitt and Kaliser (1980) trenched the
fault scarp south of and topographically below the Bonneville shoreline.
Their log of the trench is shown in figure 7A. They interpreted the 1-3 ft of
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FIGURE 7.--Logs of trenches near the southern end of the Mercur fault
zone. Trenches are located topographically below the Lake Bonneville
highstand shoreline scarp. A, from Everitt and Kaliser (1980, pl. 7c,
p. 32). They interpret unit 2 as an unconformable gravel deposited by
the transgressive rise of Lake Bonneville. Unit 1 is interpreted as a
lacustrine structureless silt. Everitt and Kaliser (1980) inferred
that unit 2 is faulted because they observed gravel in unit 2 oriented
parallel to the fault plane. B, our interpretation of Everitt and
Kalisers' (1980) trench. Unit 2 is interpreted as a colluvial wedge
of gravel and gravel lag deposited against a preexisting fault scarp
by the transgressive rise of Lake Bonneville. We agree that unit 1 is
a lacustrine silt. C, trench and surface profile across a 2-ft-high
scarp just south of the trench at 7A. Symbol X on lines designates
the ends of individual slope-length measurements. The upper line is
the surface profile of the 2-ft-high scarp. The lower line that
merges with the upper line is the base of the trench. The base of the
trench is unit 2 of 7A and B, and the material betgween the trench
base and surface profile is unit 1 of 7A and B.

tan gravelly or sandy silt (unit 1) with a basal gravel (unit 2) at the
eastern end of the trench as Lake Bonneville sediments and younger alluvium
derived from it. They cited two lines of evidence for deformation of the lake
sediments: (1) the basal rounded gravel (unit 2) thickens at the fault, and
(2) pebbles in the hanging wall are oriented parallel to the fault plane.
South of the trench, they observed a 2-ft-high scarp that crossed a post-
Bonneville alluvial terrace. :

Hydrographs from Currey and Oviatt (1985) indicate that the time the
level of the Bonneville lake cycle transgressed the fault scarp was
approximately 17-18 ka. Because Bonneville sediments bury the fault scarp and
are unfaulted, the age of the surface faulting must be older than 17-18 ka.

We obtained 11 scarp profiles along the Mercur fault zone and the
regression-equation line based on those data plots below and parallel to the
Bonneville shoreline highstand regression-equation line (fig. 8), indicating
that the last surface-faulting event in the Mercur fault zone was pre-
highstand in age (>15 ka). This interpretation is consistent with the
geologic relationships discussed above.

We interpret the log of the trench differently than Everitt and
Kaliser. We agree that the 1-3 ft of tan gravelly or sandy silt (unit 1) and
basal gravel (unit 2) (fig. 7A) are Lake Bonneville sediments and younger
alluvium derived from it. However, we interpret the gravel wedge (unit 2) to
be unconformably deposited against a preexisting fault scarp by the
transgressive rise of Lake Bonneville (fig. 7B). The gravel was derived from
the hanging-wall block, reworked by wave action, and deposited as a steeply
dipping wedge at the base of the scarp; the gravel grades to a lag away from
the scarp. As the lake level rose above the scarp, quiet-water sediments (tan
gravelly or sandy silt, unit 1, fig. 7A-B) were subsequently deposited on the
scarp. After the catastrophic drop of Lake Bonneville to the Provo level
(about 15 ka, Scott and others, 1983), the area was exposed to subaerial
erosion.

Everitt and Kaliser inferred 2 ft of post-Bonneville offset on the basis
of the 2-ft-high north-trending scarp just south of the trench. We excavated
a 70-cm-deep trench across this scarp. In the lower part of the trench, we
found rounded pebble-lag gravel (unit 2) overlying unsorted, coarse, angular
cobbly alluvium (fig. 7C). Overlying the pebble gravel on the downthrown side
of the scarp is 0.7 m of tan gravel-bearing sandy silt (unit 1). The sandy
silt thins eastward and pinches out at the crest of the scarp. The rounded
pebbly gravel dips 15° on the face of the scarp. The sandy silt and
underlying rounded gravel we encountered is identical to that described for
the Bonneville-age sediments in the trench logged by Everitt and Kaliser
(1980). We conclude that the feature that they describe as a "post-lake
terrace"” is a preexisting fault scarp buried by thin Bonneville sediments.
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FIGURE 8.--Scarp-profile data from the Mercur fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Solid line represents regression-equation line derived from 11 scarp
profiles. Regression-equation line for Drum Mountains scarps
(about 9 ka) from Pierce and Colman (1986); regression-equation line
for Lake Bonneville highstand shoreline scarps (about 15 ka) from R.C.
Bucknam (written commun., 1982).

STANSBURY FAULT ZONE

Fault scarps along the north-south-trending Stansbury fault zone are
formed on Quaternary basin-fill deposits that are displaced down to the west
on the west flank of the Stansbury Mountains. The zone of scarps is nearly
continuous for 30 km from Deadman Canyon northward to Broons Canyon. The main
down-to-the-west faulting is accompanied by antithetic faulting to the west;
this forms a narrow (20-m-wide) graben along much of the southern length of
the zone.

At Chokecherry Canyon, the main and antithetic faults bifurcate, the
antithetic fault trace curves westward and the main fault trace curves
eastward, creating a structural graben as wide as 2.5 km. The antithetic
faulting diminishes about 5 km north of Chokecherry Canyon near Box Canyon.
The main fault continues northward to just north of Broons Canyon, where it
intersects the highstand shoreline of Lake Bonneville. Only bedrock is
exposed at the shoreline-fault intersection, thus no interpretations of
relative age could be made in this area. At the northernmost end of the zone,
a series of en echelon fault scarps trend north-northwest and are
topographically below the highstand shoreline of Lake Bonneville.

Scarp heights are larger in older alluvial deposits than in younger
deposits along the length of the fault zone, indicating recurrent movement in
Quaternary time on the Stansbury fault zone.

The profiling procedure for measuring scarp height/surface offset is
complicated by the presence of grabens and antithetic fault scarps. In the
case of the Stansbury fault scarp, the surface-slope angle ( vy ) used for the
downthrown surface of the main scarp is the floor of the graben. Surface
displacement for this fault zone should not be equated with net tectonic
offset. Determining net tectonic offset requires a geometric reconstruction
of the fault zone that removes the surface displacement associated with the
antithetic faulting from the surface displacement of the main fault.
Therefore, scarp heights and surface displacements at the main fault are the
largest reported for the entire map area (table 1) and do not reflect the net
tectonic offset. The relative age assignment for the Stansbury fault zone,
using scarp-height/slope-angle relations, is still valid because the
methodology does not require determining net tectonic offset.

Everitt and Kaliser (1980, p. 22) noted that "Streams that cross the
[Stansbury] scarp show prominent nickpoints only a short distance back from
the scarp, in contrast to the streams crossing scarps of the Oquirrh and
Sheeprock Mountains, suggesting that this may be one of the most recently
active of the faults observed." We observed two stream drainages that cross
the scarp while profiling scarps on the Stansbury fault zone. In both
drainages, stream nickpoints have retreated headward and exposed an old buried
fault plane. The exposed old fault has alluvium in the hanging-wall block and
Paleozoic limestone in the footwall block. The exposed old fault surface on
the limestone is silicified and contains dip-slip striae. Apparently, the
nickpoints retreated headward in the alluvium until they encountered the more
resistant silicified limestone barrier of the buried fault and were arrested
from further headward retreat at that point. Therefore, the nickpoints are
not indicators of the youthfulness of faulting. There is no expression of an
old scarp on planar alluvial surfaces that bury the old fault plane.

Data from nine profiles along the Stansbury fault zone plot subparallel
to and below the Bonneville regression line (fig. 9), indicating that the most
recent surface-faulting event was pre-Bonneville highstand (>15 ka) in age.
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FIGURE 9.--Scarp-profile data from the Stansbury fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Solid line represents regression-equation line derived from nine scarp
profiles. Regression-equation line for Drum Mountains scarps (about 9
ka) from Pierce and Colman (1986); regression-equation line for Lake
Bonneville highstand shoreline scarps (about 15 ka) from R.C. Bucknam
(written commun., 1982).

SHEEPROCK FAULT ZONE

A zone of fault scarps approximately 11 km long trends northwest to
north-northeast from Harker Canyon to north of East Government Creek on the
northern flank of the Sheeprock Mountains. The southern half of the zone is a
nearly continuous 6-km linear feature that parallels the range front at
elevations between 1,890 m (6,200 ft) and 1,920 m (6,300 ft). At East
Government Creek, the range front and fault scarp change trend from northwest
to approximately north-northeast. The fault scarp north of East Government
Creek changes from a linear feature, unaccompanied by antithetic faulting, to
a sinuous en echelon zone approximately 5 km long that has antithetic faulting
associated with it. The inferred displacement is down to the east for both
parts of the fault zone.

Eight scarp profiles in this zone were provided to us by R.C. Bucknam
(written commun., 1982), Figure 10 shows the position of the regression-
equation line for this zone; the line plots parallel to and below the Lake
Bonneville line, indicating that the latest surface-faulting event is pre-
Bonneville highstand (>15 ka) in age.
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FIGURE 10.--Scarp-profile data from the Sheeprock fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Solid line represents regression-equation line derived from eight
scarp profiles. Regression-equation line for Drum Mountains scarps
(about 9 ka) from Pierce and Colman (1986); regression-equation line
for Lake Bonneville highstand shoreline scarps (about 15 ka) from R.C.
Bucknam (written commun., 1982).

PUDDLE VALLEY FAULT ZONE

A few kilometers east of the Grassy Mountains, the Puddle Valley fault
zone is marked by a series of north-northeast-trending right-stepping en
echelon fault scarps. The Puddle Valley fault zone offsets Quaternary basin-
fill deposits and is down to the east. The fault is topographically below
both the Bonneville and Prove levels of Lake Bonmneville. Eight scarp profiles
were obtained from the Puddle Valley fault zone (fig. 11); scarp heights range
from 1.3 to 4.4 m and maximum scarp-slope angles range from 6.5° to 13.5°.
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FIGURE 11.--Scarp-profile data from the Puddle Valley fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points from
southern Puddle Valley area; squares represent individual scarp-
height/maximum-slope-angle data points from the northern Puddle Valley
area. Solid line represents regression-equation line derived from eight
scarp profiles. Regression-equation line for Drum Mountains scarps
(about 9 ka) from Pierce and Colman (1986); regression-equation line
for Lake Bonneville highstand shoreline scarps (about 15 ka) from
R.C. Bucknam (written commun., 1982).

Fault-scarp morphology suggests that there may be two different surface-
faulting events recorded in the Puddle Valley fault zone. Four scarp profiles
from the northern end of the Puddle Valley fault zone have scarp heights
greater than 2 m. The plot of these four scarp heights and their associated
maximum scarp-slope angles is below the Bonneville highstand line (fig. 11),
suggesting they are older than the Bonneville highstand. Four scarp profiles
from the southern end of the Puddle Valley fault zone have scarp heights less
than 2 m. These four scarp heights and their associated maximum scarp-slope
angles plot above the Bonneville highstand line (fig. 11), suggesting they are
younger than the Bonneville highstand.

Surface faulting associated with the southern part of the zone appears to
be younger than that associated with the northern part of the zone. There is
no evidence from scarp profiles or field observations to suggest that the
young surface faulting in the southern part of the zone extended to the
northern part of the zone.

The largest measured surface offsets for both the northern (2.34 m) and
southern (2.31 m) parts of the zone are nearly the same and suggest that
surface displacements for a faulting event in the Puddle Valley fault zone
average just over 2 m.

From scarp profiles, the age for the youngest faulting in the southern
part of the Puddle Valley fault zone is post-Bonneville highstand (<15 ka) and
was preceded in the northern part of the zone by a pre-Bonneville highstand
(>15 ka) surface-faulting event.

CLOVER FAULT ZONE

South of the town of Clover in Rush Valley, a north-northwest-trending
zone of left-stepping en echelon fault scarps is formed on pre-Bonneville age
alluvial-fan deposits. The scarp zone is 4 km long with displacement down to
the east. The land encompassing the fault scarp has been modified by
agricultural processes such as farming and cattle grazing; therefore, we could
not use scarp profiling to determine the age of faulting. However, we did
profile two localities on the scarp to obtain general scarp heights, surface
offsets, and scarp-slope inclination directions for the zone to compare to
other zones in the map area (table 1).

Holocene stream drainages that cross the scarp are incised 1-2 m into the
upthrown surface and are graded to the downthrown surface; no offsets in the
stream drainages were observed. The absence of youthful faulting features
suggests that the faulting is older than several thousand years, but the age
of the faulting relative to the Bonneville highstand is uncertain.

VERNON HILLS FAULT ZONE

On the east flank of the Vernon Hills in southern Rush Valley, a series
of discontinuous north-northwest-trending scarps show down-to-the-east
displacement. The underlying fault generally places bedrock against bedrock
or bedrock against alluvium. At the northern end of the scarp, the fault
offsets pre-Bonneville alluvium but post-Bonneville alluvium lies unfaulted on
the trend of the fault and is undisturbed.

Two profiles were made at the northern end of the scarp where the fault
offsets pre-Bonneville alluvium. Data from these two profiles both plot below
the Lake Bonneville highstand regression line (fig. 12), suggesting a pre-
Bonneville highstand age. The sparse scarp data in conjunction with unfaulted
post-Bonneville highstand deposits (latest Pleistocene to early Holocene)
suggest surface faulting of pre-Bonneville highstand age (>15 ka) for the
Vernon Hills fault zone.
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FIGURE 12.--Scarp-profile data from the Vernon Hills fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Regression-equation line for Drum Mountains scarps (about 9 ka) from
Pierce and Colman (1986); regression-equation line for Lake Bonneville
highstand shoreline scarps (about 15 ka) from R.C. Bucknam (written
commun., 1982).

DEEP CREEK FAULT ZONE

The Deep Creek fault zone, west of the Deep Creek Mountains, offsets
Quaternary basin-fill gravelly sands down to the west. The length of the
north-trending zone 6f fault scarps is approximately 12 km. The southernmost
half of the zone lacks scarps, but is expressed by an alignment of vegetation
and springs. The northern part of the zone (from Secret Spring to beyond Pony
Express Canyon) has surface displacement that increases to the north, and
merges with an older scarp north of Pony Express Creek. The older scarp is
highly dissected and only present as short remnants between drainages.

Three profiles obtained between Secret Spring and Pony Express Canyon are
shown on figure 13. All three plot below the Bonneville highstand regression
line, suggesting that the surface faulting is probably pre-Bonneville
highstand (>15 ka) in age.
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FIGURE 13.--Scarp-profile data from the Deep Creek fault zone. Circles
represent individual scarp-height/maximum-slope-angle data points.
Solid line represents regression-equation line derived from three
scarp profiles. Regression-equation line for Drum Mountains scarps
(about 9 ka) from Pierce and Colman (1986); regression-equation line
for Lake Bonneville highstand shoreline scarps (about 15 ka) from R.C.
Bucknam (written commun., 1982).

SAINT JOHN STATION FAULT ZONE

Near Saint John Station, in Rush Valley, a series of north-northwest-
trending discontinuous scarps are formed in Quaternary alluvium and gravel-
capped pediments of pre-Bonneville highstand age. The scarps are
topographically below the highstand of Lake Bonneville and, as noted by
Everitt and Kaliser (1980), spits formed by Lake Bonneville are not disturbed
where they cross the fault scarps.

No scarp profiles were obtained for the Saint John Station fault zone.
The lack of offset spits of Bonneville age indicates that the surface faulting
is older than the spit deposits of Lake Bonneville (probably >15 ka).

CONCLUSIONS

Quaternary faults marked by scarps in unconsolidated basin-fill deposits
of Late Pleistocene age (10-150 ka) were found in the eastern half of the
Tooele 1°x2° quadrangle, Utah. Morphologic and geologic data collected along
the fault scarps indicate that all were formed during the Late Pleistocene
(10-150 ka) with no clear evidence of Holocene (0-10 ka) surface faulting.

In the map area, surface faulting younger than the highstand of Lake
Bonneville (15 ka) is conclusively indicated for only the northern Oquirrh:
zone; morphologic data indicate that the age of surface rupture is younger
than but very close in age to the Provo stand (13.5 ka) of Lake Bonneville.
The remaining fault scarps in the map area formed prior to the highstand of
Lake Bonneville (15 ka), except for the Puddle Valley and Clover fault zones
where the age of faulting relative to the highstand of Lake Bonneville is
uncertain.

Recurrent fault movement in the Topliff Hill, Mercur, Stansbury, northern
Oquirrh, Deep Creek, and Sheeprock fault zones is indicated from increased
scarp heights in progressively older offset deposits and (or) morphologic
data.
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