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mations consist predominantly of sandstone, quartzite, and lime-
stone. At their type localities, the Butterfield Peaks Formation
is about 8,990 feet (2,740 m) thick and the Bingham Mine
Formation is about 7,320 feet (2,230 m) thick (Tooker and
Roberts, 1970). Gordon and Duncan (1970) consider the Butter-
field Peaks Formation to be Middle Pennsylvanian (Desmoines)
and the Bingham Mine Formation to be Upper Pennsylvanian
(Missouri). Both units are part of the Oquirrh Group.

Pass Canyon Nappe (Pp)

An allochthonous, complexly folded and faulted sequence of
sedimentary rocks on the Pass Canyon nappe crops out in the
east-central part of the mapped area between Bates and Pole
Canyons. This nappe is underlain by an unexposed, unnamed
thrust fault produced during the Sevier orogeny (Tooker, 1983).
In the mapped area (plate 1), the Pass Canyon nappe is bounded
on the north by part of the North Oquirrh thrust fault system and
on the south by the Tooele fault.

Tooker and Roberts (1988) provisionally divided rocks on
the Pass Canyon nappe into the Dry Fork unit, consisting pre-
dominantly of sandstone, siltstone, shale, and quartzite, and the
Flood Canyon unit, consisting predominantly of sandstone,
quartzite, dolomite, and limestone. Itis not possible to determine
a reliable thickness for these rocks because of their structural
complexity. Welsh and James (1961) believe the rocks of the
Pass Canyon nappe are a Lower Permian (Wolfcamp) part of the
Oquirrh Group.

Porphyritic Dikes and Sills (Tp)

Undifferentiated small dikes and sills form a northeast-trend-
ing zone south of Tooele in the Markham Peak Member of the
Upper Pennsylvanian Bingham Mine Formation, in the Bingham
nappe. The northeast margin of this zone is in the southwest
corner of the mapped area. These intrusive bodies are 3 to 15
feet (1-5 m) thick and are mainly quartz monzonite to quartz latite
porphyries; some are terminated by northeast-trending normal
faults. The most prominent sill, which crops out about 0.5 miles
(0.8 km) northwest of intrusive bodies in the map area, has been
dated at 38.6 million years, making it Oligocene in age (Moore,
1973).

Alluvial Deposits

Undifferentiated Alluvium (Qa)

Undifferentiated, coarse- to fine-grained alluvium (Qa) is
present on gentle slopes near the confluence of several streams
that drain the Oquirrh Mountains between Pass and Pine Can-
yons. Deposits are associated with low-order stream channels
that lack well-defined flood plains. Undifferentiated alluvium is
primarily sandy, with lesser amounts of boulders, gravel, silt, and
clay. Deposits are generally less than 10 feet (3 m) thick. The
unit is present below the Bonneville shoreline, obscures shore-
lines etched into the adjacent piedmont slope, and is thus of
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post-Bonneville age. The deposits range in age from latest
Pleistocene to latest Holocene.

Alluvium and Colluvium (Qac)

Alluvium with a significant colluvial component (Qac) is
locally present in Pole and Pine Canyons in first-order drainages
and on wash slopes. The unit contains poorly sorted clay, silt,
sand, gravel, cobbles, and boulders, and includes stream-re-
worked colluvium. Deposits are coarser on steeper slopes and
are generally less than 10 feet (3 m) thick. These deposits are
latest Pleistocene to latest Holocene in age.

Alluvial-Fan Deposits Younger Than the Bonneville Shore-
line (Qaf))

Alluvial-fan deposits that postdate the highstand of Lake
Bonneville (Qaf)) include coarse- to fine-grained alluvium and
debris-flow sediments deposited on piedmont slopes primarily
after regression of the lake from the Bonneville shoreline. Most
younger alluvial-fan deposits are found below the Bonneville
level and obscure regressive shorelines. Fan apices are typically
at either the Bonneville or Provo shoreline scarps. The small
deposits of Qaf; found above the Bonneville level between Flood
and Middle Canyons may partially consist of sediment deposited
before Bonneville-shoreline time. In some places, individual
alluvial fans are differentiated within alluvial-fan deposits
younger than the Bonneville shoreline. These fans may repre-
sent multiple periods of deposition, but their relative ages are
generally similar and all are included in this unit.

The deposits contain mostly sand and gravel reworked from
underlying lake beds, and their texture generally becomes finer
down the fan slope. Qaf; deposits are thickest near fan apices
and thin to a feather edge toward the basin, but are generally less
than 10 feet (3 m) thick. The deposits have been accumulating
from latest Pleistocene time to the present.

Alluvial-Fan Deposits Older Than the Bonneville Shoreline
(Qaf,, Qaf;, and QTaf)

Coalescing alluvial fans have developed bajadas that slope
gently away from the Oquirrh Mountain front. Isolated outcrops
of alluvial-fan deposits that form the bajadas are present between
Coyote and Bates Canyons east of Stansbury Lake, and more
extensive outcrops are found to the south between Flood and
Middle Canyons in the vicinity of the International smelter. The
relative age categories of these fans are based on their relative
elevation and degree of dissection. Alluvial-fan deposits of
intermediate age (Qaf,) have relatively smooth surfaces and are
truncated by the Bonneville shoreline near the mouth of Middle
Canyon,.west of the map boundary. Older alluvial-fan deposits
(Qaf3) are more incised and are present near the head of Pine
Canyon. They bury the oldest, most incised alluvial-fan deposits
(QTaf). Alluvial-fan deposits older than the Bonneville shore-
line are generally less than 20 feet (6 m) thick in mountain-front
locations, but thicken away from the mountain front and prob-
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ably underlie lacustrine sediments in the valley. These alluvial-
fan deposits do not crop out below the highest shoreline of Lake
Bonneville; the fans were abandoned when, or before, the lake
regressed from that level.

There has been considerable confusion regarding the age of
abandoned alluvial-fan deposits in Tooele Valley. Thomas
(1946) originally included them in the Salt Lake Formation of
Pliocene and Pleistocene (?) age. This age was based on the
stratigraphic position of the deposits between a Miocene (?) tuff
unit and Pleistocene Bonneville lake beds. Slentz (1955a) rede-
fined deposits in Tooele and Jordan (Salt Lake) Valleys that are
younger than the Eocene Wasatch Formation but older than
Pleistocene Lake Bonneville deposits as the Salt Lake Group of
Tertiary age, and restricted the youngest alluvial-fan deposits in
the group to the Harkers Fanglomerate of Pliocene age. The age
of the Harkers Fanglomerate was based on stratigraphic position,
geomorphic expression, and lithologic characteristics (Slentz,
1955a, 1955b). Tooker and Roberts (1971b) renamed the unit,
at its type section in Harkers Canyon on the eastern margin of
the Oquirrh Mountains in Jordan Valley, the Harkers Alluvium
"because of its great size distribution and unindurated nature."
They also assigned an early Pleistocene age to the unit because
of its unconsolidated nature and stratigraphic position. This
nomenclature and age were extended to similar deposits on the
western margin of the Oquirrh Mountains in Tooele Valley
(Tooker and Roberts, 1971a, 1988, 1992; Tooker, 1980). How-
ever, in western Tooele Valley on the eastern margin of the
Stansbury Mountains, Rigby (1958) variously described similar
deposits as Quaternary alluvium, Quaternary alluvial fanglom-
erate and gravel, Quaternary and Tertiary alluvial gravel, and
Tertiary Salt Lake Formation, the latter unit consisting of the
consolidated portion of the deposits.

No fossil or other evidence has been found in these alluvial-
fan deposits to provide a definitive age. Because they occupy a
stratigraphic position between consolidated deposits of known
Tertiary age and unconsolidated latest Pleistocene lake beds,
Solomon (1993) assigned a Pleistocene age to younger, less
incised deposits in Tooele Valley (Qaf; and Qafs), whereas older,
more incised deposits (QTaf) may be as old as Pliocene.

Alluvium in Channels and Flood Plains (Qal)

Alluvial-channel and flood-plain deposits (Qal) consist of
sand, silt, and clay beds with thin gravel layers and lenses.
Deposits are generally less than 10 feet (3 m) thick. These
deposits typically extend from alluvial channels in bedrock to
channels and associated flood plains on adjacent piedmont
slopes. When the deposits extend through the Bonneville shore-
line, they are found in channels that dissect the Bonneville
abrasion platform. The deposits are predominantly of post-Bon-
neville shoreline age, but range from latest Pleistocene to latest
Holocene.

Alluvial-Terrace Deposits (Qat,, Qat,, and Qat;)

Alluvial-terrace deposits form thin veneers, less than 10 feet
(3 m) thick, on lithologically similar older alluvial-fan deposits.
Terrace deposits are found on long, narrow, gently inclined
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surfaces elevated above active channels and flood plains. These
surfaces are bounded along their edges by steep slopes, or risers.
Three terrace levels are present along major drainages in the map
area. The relative age of each terrace deposit is based on the
degree of terrace incision, relative elevation of adjacent geomor-
phic surfaces, and relation of terraces to the highest shoreline of
Lake Bonneville. The youngest alluvial-terrace deposits (Qat;)
are truncated by the Bonneville shoreline near the mouths of all
major canyons between Pole and Middle Canyons. Alluvial-ter-
race deposits of intermediate age (Qaty) parallel younger terrace
deposits at higher elevations along Middle Canyon, and along
Dry, Pine, and Swensons Canyons, near the International
smelter. Terrace deposits near the smelter were extensively
modified during reclamation of the smelter and associated tail-
ings (Braxton and Buck, 1989). The oldest alluvial-terrace de-
posits (Qat3) are found only near Middle Canyon, where Everitt
and Kaliser (1980) mapped three linear scarps "of erosional or
undetermined origin" that are actually risers along the edges of
the three terrace levels.

All alluvial-terrace deposits predate the regression of Lake
Bonneville from its highest level, but the oldest alluvial-terrace
deposits (Qat3) are incised into intermediate age alluvial-fan
deposits (Qaf,) near Middle Canyon. Thus all alluvial-terrace
deposits are of latest Pleistocene age.

Lacustrine Deposits

Undifferentiated Lacustrine and Alluvial Deposits (Qla)

Much of the surficial material within the piedmont zone
below the Bonneville shoreline is mapped as undifferentiated
lacustrine and alluvial deposits (Qla). This unit consists of
alluvial-fan deposits of pre-Bonneville lake-cycle age that were
reworked by lacustrine processes. As a result, the mapped area
contains alluvial-fan deposits overlain by a thin cover of lacus-
trine sediment, generally less than 10 feet (3 m) thick. The
lacustrine sediment is coarser grained in the proximal piedmont
sector, and finer grained in the distal sector, because the pre-lake
fan material was finer near the distal end of the fan. Geomorphi-
cally, the unit consists of still recognizable pre-Bonneville allu-
vial fans etched by Lake Bonneville shorelines. This unit is of
latest Pleistocene to earliest Holocene age.

Lacustrine Mud (QIf)

Fine-grained lacustrine deposits (QIf) present in northern and
central Tooele Valley are exposed in the northwest corner of the
Oquirrh fault zone near Lake Point. This unit is generally less
than 30 feet (9 m) thick, and consists of silt and clay with
subordinate sand and marl. The unit was deposited in quiet
water, either offshore in deeper water of Lake Bonneville, or
nearshore in the bay of Great Salt Lake in northeastern Tooele
Valley. At the north end of Tooele Valley near Great Salt Lake
this unit contains elliptical depressions from 5 to 50 feet (2 to 15
m) in diameter (Solomon, 1993). Many of the depressions are
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surrounded by a raised rim of sand, and springs emanate from
some of them. Depressions without springs are commonly
plugged with dark, peaty clay. These features superficially
resemble paleo-liquefacuion-induced sand blows, but they may
also be due to upward ground-water flow under artesian pressure
(Obermeier and others, 1990). This unit is of latest Pleistocene
to earliest Holocene age.

Lacustrine Gravel (Qlg)

Shoreline gravel deposited by Lake Bonneville and Great
Salt Lake (QIlg) is generally thin, but may be up to 30 feet (9 m)
thick in some barrier beaches, and up to 200 feet (60 m) thick in
elevated benches along the Oquirrh Mountains east of Erda. The
gravel is derived from alluvial fans along the range front, and is
typically interbedded with significant layers of sand and minor
amounts of cobbles. The proportion of sand increases, and the
proportion of cobbles decreases, with distance from the moun-
tains. This reflects distance from bedrock source areas, as well
as the finer grain size of the distal portions of underlying allu-
vial-fan deposits. Most lacustrine gravel was deposited during
the transgressive phase of Lake Bonneville and is of latest
Pleistocene age, but gravel beaches at low elevations northwest
of Lake Point were deposited by Great Salt Lake and are of
Holocene age. Oolitic sand is an important constituent of the
Holocene gravel beaches.

Mass-Movement Deposits

Talus (Qmt)

Talus (Qmt), or rock-fall debris, is found in scattered loca-
tions along the western slope of the Oquirrh Mountains north of
Flood Canyon. The debris has accumulated where the Bon-
neville shoreline abrasion platform undercuts bedrock outcrops.
Talus is as much as 30 feet (9 m) thick, and is latest Pleistocene
to latest Holocene in age.

Playa Deposits

Playa Mud (Qpm)

Playa mud (Qpm) consists of poorly sorted clay, silt, and
small amounts of sand. Locally, accumulations of gypsum,
halite, and other salts form on the playa surface. Deposits of
playa mud are generally less than 10 feet (3 m) thick. The
deposits are present along the shores of Great Salt Lake in the
northwestern corner of the mapped area. Playa muds are Holo-
cene deposits.

Fill Deposits

Tailings and Slag (Qft)

In the map area, tailings consist mostly of silty fine sand, and
slag consists mostly of coarse rock fragments. Two tailings
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ponds are mapped along Dry Canyon and slag is present nearby
along the margins of Pine Creek. These deposits are associated
with operations of the International Smelting and Refining Com-
pany and its successor, the Anaconda Copper Company. Inter-
national operated copper and lead smelters, a lead/zinc flotation
mill, and a slag treatment plant from 1910 through 1971, and
Anaconda worked the Carr Fork copper mine and concentrator
in Pine Canyon from 1973 to 1981 (Hansen, 1963; Braxton and
Buck, 1989).

SUMMARY AND CONCLUSIONS

The Oquirrh fault zone is exposed as a west-dipping normal
fault that extends discontinuously for 19 miles (31 km) on the
west side of the northern Oquirrh Mountains. Surficial geologic
units in the fault zone are from Pliocene to Holocene in age, but
are dominantly deposits of latest Pleistocene Lake Bonneville.
Prominent shorelines of the lake are cut into underlying units and
are useful datums for determining the paleoseismic history of the
fault zone. The Oquirrh fault zone consists of three geographic
sections characterized by unique topographic and geologic fea-
tures. The sections do not necessarily imply either segmentation
of the fault zone or independent surface rupture of each section.

The northern section of the fault zone trends slightly north-
west and includes a series of scarps in a near-linear zone in
unconsolidated material. The scarps are all below the level of
the Provo shoreline of Lake Bonneville, but are both above and
below the level of the Stansbury shoreline. Post-Lake Bon-
neville alluvial fans of latest Pleistocene to Holocene age are
common in this section of the fault zone and locally obscure fault
traces, including the fault trace where it is projected to intersect
the Stansbury shoreline. The compound scarp in the northern
section of the fault zone is as much as 10.8 meters (35.4 ft) high
(Barnhard and Dodge, 1988). Results from trench mapping and
radiocarbon dating along this section near Big Canyon indicate
that the MRE occurred between 4,300 and 6,900 14C years ago
(4,800 and 7,900 cal B.P.), with an associated NVD of 2.2 meters
(7.2 ft) (Olig and others, 1994, this volume).

The central section of the fault zone includes scarps in
unconsolidated material on the margin of an elevated spur, the
Erda salient, extending westward from the range front. The
salient is typically overlain by Lake Bonneville deposits, and
younger alluvial fans are less common here than farther north.
The scarps on the salient are all below the level of the Bonneville
shoreline, but the Provo shoreline intersects the scarps and is
offset. This indicates an MRE younger than the 14,000 years
B.P. minimum age of the Provo shoreline. Previous studies of
scarp morphology along this section of the fault suggested that
the MRE occurred close to, but not more than, 13,500 years ago
(Barnhard and Dodge, 1988). More recent results from detailed
mapping and trench excavations along this section near Pole
Canyon found stratigraphic evidence to support the younger age
for the MRE determined at Big Canyon, although no datable
material was found to confirm this interpretation (Olig and
others, 1994, this volume). Results from Pole Canyon also
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indicate that the PE occurred between 20,300 and 26,400 14C
years ago, and the APE occurred sometime before 32,800 14C
years ago (Olig and others, 1994, this volume). At Pole Canyon,
2.7 meters (8.9 ft) of NVD is associated with the MRE and 2.3
meters (7.5 ft) of NVD is associated with the PE.

The southern section of the fault zone is commonly a range-
front scarp at the bedrock-alluvium contact along the Pine Can-
yon'reentrant, although two short fault scarps are in alluvium.
All scarps are above the level of the Bonneville shoreline. The
reentrant is typically underlain by alluvial fans that predate Lake
Bonneville and may be as old as Pliocene. Because of the
absence of shorelines and deposits of appropriate age, no pa-
leoseismic investigations were conducted in this section of the
fault zone to determine the timing of surface-faulting events.

Previous investigators have postulated faults that cut valley
fill west of the Oquirrh fault zone. These faults include the Mill
Pond, Erda, and Occidental faults and several smaller, unnamed
faults. Solomon (1993) found no evidence that these faults offset
surficial deposits, but they may displace older Quaternary depos-
its in the subsurface. Their relation to the Oquirrh fault zone is
unknown.

Farmin (1933) and Thomas (1946) proposed that the Occi-
dental fault, exposed in bedrock of the Oquirrh Mountains,
extends northwestward as the bedrock-alluvium scarp along the
north limb of the southern section of the Oquirrh fault zone.
Gates (1962) proposed a further extension of the range-front fault
into Tooele Valley. If these extensions are correct, they imply
that this north limb might be a reactivation of an older cross fault.
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Because the proposed valley extensions of the Occidental
fault do not offset surficial Lake Bonneville deposits, the Occi-
dental fault and perhaps the southern section of the Oquirrh fault
zone may not have been active in the Holocene. However, the
range-front scarp on the north limb of the southern section is
colinear with scarps on the south margin of the Erda salient that
offset post-Bonneville alluvial fans; this supports the possibility
of Holocene activity on the range-front scarp. Olig and others
(1994, this volume) suggest that the range-front scarp in the
southern section is part of the same rupture segment as scarps
further north, and that this part of the fault zone must have been
active in the Holocene. A conclusion that the Oquirrh fault zone
is a single rupture segment is consistent with the observation by
Helm (1994) that regional transverse crustal structures mark the
ends of this fault zone and single segments of other fault zones.
The contradictory evidence suggests that further work is needed
to determine the age of most recent activity of the range-front
scarp along the Pine Valley reentrant, and to resolve the question
of segmentation along the Oquirrh fault zone.
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PALEOSEISMIC INVESTIGATION OF THE OQUIRRH
FAULT ZONE, TOOELE COUNTY, UTAH

by

Susan S. Olig, William R. Lund, Bill D. Black, and Bea H. Mayes

ABSTRACT

The Oquirrh fault zone is a range-front normal fault bounding
the east side of Tooele Valley. It has long been recognized as a
potential source for large earthquakes that pose a threat to popu-
lation centers along the central Wasatch Front in Utah. Scarps
of the Oquirrh fault zone offset the Provo shoreline of Lake
Bonneville and previous studies of scarp morphology suggested
that the most-recent surface faulting on the fault zone occurred
between 9,000 and 13,000 years ago. Based on a potential
rupture length of 12 to 21 kilometers, moment magnitude (My,)
estimates for this event range from 6.3 to 6.8. In contrast, our
results from detailed mapping and trench excavations at two sites
indicate that the most-recent earthquake actually occurred be-
tween 4,300 - 6,900 14C yr B.P. (4,800 and 7,900 cal B.P.) with
net vertical tectonic displacements of 2.2 to 2.7 meters, much
larger than expected considering the estimated rupture length for
this event. Empirical relations between magnitude and displace-
ment yield moment magnitude estimates of M, 7.0 t0 7.2.

At both the Big Canyon and Pole Canyon sites, trenches
exposed faulted Lake Bonneville sediments and thick wedges of
scarp-derived colluvium associated with the most-recent sur-
face-faulting earthquake. Bulk sediment samples from a faulted
debris-flow deposit at the Big Canyon site yielded radiocarbon

age estimates of 7,650 £+ 90 yr B.P. and 6,840 + 100 yr B.P. A
bulk sediment sample from unfaulted fluvial deposits that bury
the fault scarp gave a radiocarbon age estimate of 4,340 = 60 yr
B.P. Stratigraphic and structural evidence for a pre-Bonneville
lake cycle penultimate earthquake was exposed at the Pole
Canyon site. Charcoal from a marsh deposit, overlying the
penultimate-event colluvium and deposited during the Lake
Bonneville transgression, produced a radiocarbon age estimate
0f20,370+ 120 yr B.P. A sample consisting of multiple charcoal
fragments from a fluvial deposit\faulted during the penultimate
event yielded a radiocarbon age estimate of 26,200 £ 200 yr B.P.
Indirect stratigraphic evidence for an antepenultimate event was
also exposed at Pole Canyon. Charcoal from fluvial sediments
burying the eroded free-face for this event gave a radiocarbon
age estimate of 33,950 + 1,160 yr B.P., providing a minimum-
limiting age for the antepenultimate event.

Ages for the past two surface-faulting earthquakes on the
Oquirrh fault zone yield a recurrence interval of 13,300 t0 22,100
14C years and estimated slip rates of 0.1 to 0.2 mm/yr. Temporal
clustering of earthquakes in the late Holocene on the nearby
Wasatch fault zone does not appear to have influenced activity
on the Oquirrh fault zone. However, consistent with findings on
the Wasatch fault zone and with some other Quaternary faults
within the Bonneville basin, we found no evidence of surface
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faulting during the time Lake Bonneville was at or near its
highest level, suggesting a possible causal relation between rates
of strain release along faults and changes in loads imposed by
the lake. However, our data are only complete for one deep-lake
cycle (past 30,000 years), and whether this pattern persisted
during the previous Cutler Dam and Little Valley lake cycles is
unknown,

The Oquirrh fault zone should be considered seismogenic
and capable of producing M 7 or larger earthquakes. Ceritical
facilities constructed in Tooele Valley should be designed to
withstand the effects of a large earthquake (M 7+) whose epicen-
ter is at most a few kilometers away rather than the 30 or 40
kilometers expected for earthquakes on the Wasatch fault zone.

INTRODUCTION

Purpose and Scope

The Oquirrh fault zone lies near the eastern boundary of the
Basin and Range Province in west-central Utah (figure 1). It has
long been recognized (Gilbert, 1890) as a potential source of
large earthquakes and, as such, presents a significant earthquake
hazard to the central Wasatch Front region (population over
1,000,000). For example, using Campbell’s (1987) empirical
attenuation relation for Utah, ground-motion estimates for a
surface-faulting earthquake on the Oquirrh fault zone exceed 0.2
g in downtown Salt Lake City roughly 30 kilometers east of the
fault trace. These ground motions could induce liquefaction and
could seriously damage older buildings and bridges in the Salt
Lake City area. Additionally, the city of Tooele (population
14,500) and the Tooele Army Depot, which routinely handles
and stockpiles large quantities of high-explosive and chemical
munitions, are only 6 and 10 kilometers, respectively, from the
closest fault scarps on unconsolidated alluvium at the northern
end of the Oquirrh fault zone, and are much closer to the sharp
bedrock-alluvium contact along the mountain front that marks
the southward extension of the fault zone (Bucknam, 1977,
Barnhard and Dodge, 1988; Solomon, this report).

The purpose of this cooperative project between the Utah
Geological Survey and the U.S. Geological Survey (National
Earthquake Hazard Reduction Program contract no. 1434-92-G-
2218) is to determine the seismic-source potential of the Oquirrh
fault zone and to evaluate the earthquake hazard the fault zone
presents to the Wasatch Front and Tooele Valley. The study
focuses on the northern part of the fault zone where fault scarps
are developed on unconsolidated Quaternary basin-fill deposits,
and includes interpreting aerial photographs, detailed geologic
mapping of surficial deposits at trench sites, profiling fault
scarps, excavating and mapping trenches at two sites, and radio-
carbon dating key stratigraphic units. Paleoseismic parameters
determined include net vertical tectonic displacement per event,
timing of past surface-faulting earthquakes, the recurrence inter-
val between the most-recent and penultimate surface-faulting
earthquakes, fault slip rate, and estimated paleoearthquake mag-
nitudes.
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Previous Work

Previous studies of the Oquirrh fault zone concentrated on
the surficial expression of the fault. Gilbert (1890, p. 352) was
the first to identify west-facing fault scarps on Lake Bonneville
deposits along the west side of the northern Oquirrh Mountains.
Much later, the Oquirrh fault zone was mapped at a scale of
1:250,000 by Bucknam (1977) and by Barnhard and Dodge
(1988). Both maps show the location and extent of fault scarps
formed on unconsolidated sediments on the Tooele 1°x 2° quad-
rangle. Everitt and Kaliser (1980) mapped the surficial geology
of Tooele Valley, including the Oquirrh fault zone, at a scale of
1:50,000. Their map is not of sufficient detail for use in detailed
paleoseismic studies. Both Everitt and Kaliser (1980) and Barn-
hard and Dodge (1988) recognized two sections of the fault: a
northern section that included fault scarps on Quaternary basin-
fill sediments, and a southern section that included a fault contact
between bedrock and alluvium along the range front. Tooker and
Roberts (1971a, 1971b, 1988, 1992) and Tooker (1980) mapping
bedrock in the Oquirrh Mountains at a scale of 1:24,000, show
scarps of the Oquirrh fault zone along the west side of the
mountain range. Solomon (1993; this volume) prepared a de-
tailed map (1:24,000 scale) of the surficial geology of Tooele
Valley including scarps of the Oquirrh fault zone. His map was
used as the basis for this paleoseismic study.

Barnhard and Dodge (1988) measured topographic profiles
of the Oquirrh fault zone to characterize scarp morphology and
help constrain fault behavior. Scarp heights ranged between 2.9
and 10.8 meters and surface offsets between 1.3 and 7.3 meters.
Most scarps were compound, representing displacement during
more than one surface-faulting earthquake. They compared
plots of scarp heights versus maximum slope angle for the
Oquirrh fault zone with similar plots for other scarps of known
age in the Bonneville basin. Based on this and crosscutting
relations with the Provo shoreline of Pleistocene Lake Bon-
neville (see discussion in Geologic Setting section), they sug-
gested that the latest faulting on the Oquirrh fault zone occurred
between 9,000 and 13,500 years ago, and probably was closer to
the 13,500 year age.

Youngs and others (1987), in a detailed probabilistic analysis
of earthquake ground-shaking hazard along the Wasatch Front,

-identified the Oquirrh fault zone as a potential source of large

earthquakes that could significantly affect the Wasatch Front
(Salt Lake City metropolitan area). However, they stated that for
purposes of their analysis, there were ". . . insufficient paleoseis-
mic data on the amount of displacement . . ." to assess pa-
leoearthquake magnitudes, and therefore, they were forced to
rely on magnitude estimates based on poorly defined rupture-
length and rupture-area relationships. They determined that the
Oquirrh fault zone is capable of generating an earthquake in the
magnitude 7 to 7% range. Similarly, they found that ". . .
available data do not tightly constrain the time since the most-
recent surface-faulting event or the recurrence interval between
events... ."

Arabasz and others (1989), evaluating seismic risk relevant
to the siting of a superconducting supercollider in Tooele
County, relied on a personal communication (1987) from Ted
Barnhard of the U.S. Geological Survey and a reconnaissance
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giving the wedge a generally fine-grained appearance. The
source of the silt and clay is believed to be unit B2, which was
exposed in the scarp free face following the penultimate event.
The colluvial wedge rests unconformably on unit BS, a probable
continuation of unit B2 on the downthrown side of the fault zone
(plate 1).

A buried soil (paleosol S3) at the top of stratigraphic package
C (plate 1) consists of a weak, clay-enriched Bt horizon overlying
a Bk horizon. No’A horizon was present, indicating that the
original soil profile has likely been truncated by erosion. The Bt
horizon exhibits thin clay skins and prismatic soil structure; the
Bk horizon shows stage II CaCO; accumulation. The paleosol
is evidence that the penultimate-event colluvial wedge was ex-
posed at the ground surface for considerable time before being
buried by stratigraphic package D.

Stratigraphic package D consists of Lake Bonneville depos-
its. Nearshore transgressive sediments deposited on the down-
thrown side of the fault zone comprise unit D1. Subunit D1a, a
pale-yellow silty clay layer a few tens of centimeters thick, rests
directly on stratigraphic package C (the penultimate-event col-
luvial wedge). The clay layer is thought to be the "green clay,"
a lake-marginal marsh deposit commonly found at the base of
Bonneville lake-cycle sediments (D.R. Currey, verbal commu-
nication, 1993). Charcoal from subunit D1a yielded a radio-
carbon age estimate of 20,370 + 120 yr B.P. (table 1), which
constrains the timing of Lake Bonneville’s transgression across
the site. :

Subunits D1b and D1c consist of coarse-grained sand, gravel,
and cobbles deposited in a high-energy, nearshore environment.
Subunit D1b exhibits crude bedding that dips steeply (50-60°)
toward the fault zone near the bottom of the deposit, but becomes
progressively less steep near the top of the deposit (plate 1). The
change in dip is a primary depositional feature, suggesting that
subunit D1b was a prograding bar that formed as Lake Bon-
neville transgressed toward and eventually crossed the fault
scarp. A few meters west of the scarp, subunit D1a splits into
two parts (plate 1, station 31). Most of it continues beneath unit
D1b; however, a thin stringer extends westward and upward into
unit D1b parallel to bedding at-an angle of about 35 degrees. The
split is interpreted to represent a pause in Lake Bonneville’s
transgression, during which fine-grained sediment was deposited
in a pond that existed between the temporarily stable prograding
bar and the fault scarp. Once Lake Bonneville resumed its
transgression, the pond quickly filled with coarse-grained sedi-
ment burying the fine-grained layer.

As it crossed the penultimate-event scarp, Lake Bonneville
encountered and began to erode the fine-grained sediment of unit
B2 on the upthrown side of the fault. Stratigraphic relations in
the trench (plate 1, stations 5 to 20) show that a minimum of 1.5
meters of unit B2 was removed by the lake before coarse-grained
unit D2 was deposited disconformably on the wave-cut surface.
Unit D3, a layer of lacustrine, brown silty clay, was then depos-
ited conformably on the nearshore sands and gravels of unit D2.
Unit D3 may represent deep-water deposition as Lake Bon-
neville neared the Bonneville shoreline. When the lake reached
its highstand, the Pole Canyon site was under more than 135
meters of water (figure 4). Alternatively, unit D3 may represent
deposition in the calm water of a lagoon or other protected
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environment prior to the lake reaching its highest elevation. This
alternative is suggested because unit D3 is only locally present
in the trench (upthrown block) and it pinches out to the west
against unit D2.

The waning phase of Lake Bonneville is represented by unit
D4, a very coarse-grained, regressive beach deposit. Numerous
large boulders and areas of extremely strong (concrete-like) tufa
cementation (especially on the upthrown side of the fault zone)
make unit D4 a distinctive and easily recognized unit in the Pole
Canyon trench (plate 1). It is the only geologic deposit that can
be conclusively identified on both sides of the fault zone. Unit
D4 was deposited across whatever remained of the eroded and
sediment-draped penultimate-event scarp shortly after 14,200
years ago as Lake Bonneville regressed from the Provo shoreline
under closed-basin conditions. No evidence of soil develop-
ment, representing prolonged post-Bonneville exposure at the
ground surface, was found on unit D4.

Stratigraphic package E is a poorly sorted, post-Bonneville,
subaerial deposit consisting of brown, clayey, sandy gravel. The
deposit’s genesis is uncertain, but it is probably the remnant of
a debris flow from the Oquirrh Mountains that flowed across part
of the site. Stratigraphic package E is only present in a small area
of the trench on the upthrown side of the fault zone. It rests
directly on the Lake Bonneville regressive beach deposit (unit
D4) and is truncated on the west by the eroded free face of the
most-recent-event scarp. Because of its probable genesis and
geomorphic position, we believe that stratigraphic package E’s
absence on the downthrown side of the fault zone is due to
non-deposition rather than erosion.

Stratigraphic relations in the trench clearly show that strati-
graphic package E postdates Lake Bonneville. The unit’s rela-
tion to the most-recent-event eroded scarp free face implies a
pre-most-recent-event age, although it is possible that the unit
was deposited after the most-recent event but before the scarp
free face was substantially eroded. Later erosion then truncated
the unit creating the geomorphic relations observed in the trench.
Either interpretation is possible and neither possibility affects the
interpretation of the size and timing of surface faulting on the
fault zone.

Stratigraphic package F is the most-recent surface-faulting
earthquake colluvial wedge. It formed as material from the
upper part of the most-recent-event scarp was eroded and then
deposited at the base of the scarp. This colluvial wedge is much
coarser giained then the penultimate-event wedge because the
geologic deposits exposed in the most-recent-event scarp were
mostly coarse-grained units of stratigraphic packages B and D.
The most-recent-event wedge rests unconformably on the regres-
sive beach deposits of unit D4. There is no evidence of soil
formation on the wedge.

Stratigraphic package G consists of post-most-recent-event
colluvium mantling the fault scarp. It was deposited after scarp
erosion and colluvial-wedge deposition had created a degraded
(less steep) scarp surface across which slope wash could flow.
Other than the most-recent-event colluvial wedge, stratigraphic
package G is the only geologic deposit in the trench that postdates
all surface faulting at the site.

Structure: The Oquirrh fault zone is exposed in the Pole Can-
yon trench as a roughly north-south-trending (N. 18-32° E.),
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high-angle (66-77°), predominantly normal-slip fault displacing
unconsolidated deposits of stratigraphic packages B, C, and D
down to the west (plate 1). No evidence of antithetic faulting
stratal backtilting, or other secondary (minor) deformation was
exposed in the trench.

The fault zone and related tectonic colluvial-wedge deposits
provide direct evidence for two surface-faulting earthquakes on
the Oquirrh fault zone. One event predates Lake Bonneville’s
transgression across the site, and the other occurred in post-Bon-
neville time. Faults F1 and F2 (plate 1) are related to the most-
recent and penultimate surface-faulting earthquakes, respectively.
During the most-recent surface-faulting earthquake, a small rem-
nant of stratigraphic package B (unit B4) was displaced down to
the west on fault F1 along with the penultimate-event colluvial
wedge (stratigraphic package C), thus preserving part of the
penultimate-event scarp free face on the downthrown side of the
fault.

Limitations on the depth of the trench constrained what could
be deduced regarding displacement on fault F2 during the penul-
timate event. Unit BS beneath the penultimate-event colluvial
wedge is textually similar to unit B2 on the upthrown side of the
fault zone. However, even with additional hand excavation in
the fault zone, a definitive correlation could not be made with
confidence between the two units.

Although structural evidence for a third, older surface-fault-
ing earthquake was not exposed in the trench, there is strong
indirect stratigraphic evidence (see discussion of stratigraphic
package A) for an antepenultimate surface-faulting earthquake
on the fault zone. The position of the antepenultimate event’s
eroded scarp free face in the trench wall indicates that the fault
on which that earthquake occurred is probably located several
meters east of faults F1 and F2. No evidence was found in the
trench to indicate why faulting migrated westward during the
past two surface-faulting earthquakes.

Earthquake Timing

Radiocarbon Age Estimates: Five samples (OFPC-RC1
through OFPC-RCS) were collected from the Pole Canyon
trench for radiocarbon dating. Radiocarbon age estimates were
obtained for three of the samples (OFPC-RC2, OFPC-RC3, and
OFPC-RCS; table 1) using the accelerator-mass-spectrometer
technique. All three age estimates are from detrital charcoal.
Sample OFPC-RC1 was also detrital charcoal, but it was in poor
condition (oxidized) and not a good candidate for radiocarbon
analysis (Beta Analytic, Inc., written communication, 1993).
Sample OFPC-RC4 proved to be nonorganic (possibly manga-
nese) and could not be analyzed. All three radiocarbon age
estimates from the Pole Canyon trench are too old to calendar
calibrate.

Two of the age estimates (OFPC-RC3 and OFPC-RC4) came
from unit B2 on the upthrown side of the fault zone (plate 1).
Sample OFPC-RC3 consisted of several small flecks of charcoal
collected from an approximately two-square-meter area of unit
B2. The flecks were combined to create a single sample which
provided an "average" radiocarbon age estimate of 26,200 + 120
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yr B.P. Sample OFPC-RC4 consisted of a single, larger piece of
charcoal from the same area of unit B2. It yielded a 13C adjusted
radiocarbon age estimate of 33,950 + 1160 yr B.P. The two age
estimates show that the detrital charcoal in unit B2 extends across
an age range of several thousand years. This is not unexpected
since unit B2 is a channel-fill deposit of a paleostream that likely
drained from the Oquirrh Mountains. Charcoal in the unit was
undoubtedly derived from a variety of sources of different ages
in the stream’s drainage basin. However, the generally close
correspondence of the two age estimates (within in a few thou-
sand years) shows that unit B2 is a late Pleistocene deposit,
although the unit must be somewhat younger than the detrital
charcoal contained within it.

The third age estimate (OFPC-RC2) is from unit D1a, the
lake-marginal marsh deposit at the bottom of the Bonneville
sediments on the downthrown side of the fault zone. The unit
directly overlies the penultimate-event colluvial wedge (plate 1),
showing that it is younger than the penultimate event. Sample
OFPC-RC2 consisted of a single dime-size piece of charcoal
(probably a remnant of marsh vegetation) and yielded a radio-
carbon age estimate of 20,370 + 120 yr B.P.

Most-Recent-Event Timing: The Pole Canyon trench pro-
vided neither stratigraphic relations nor dateable organic mate-
rial that allowed the timing of the most-recent surface-faulting
earthquake on the Oquirrh fault zone to be constrained more
closely than was possible at the Big Canyon trench site (see
discussion of Big Canyon trench site). The most-recent-event
colluvial wedge in the Pole Canyon trench rests directly on Lake
Bonneville regressive beach deposits (unit D4), demonstrating
that the earthquake is post-Bonneville in age. The contact be-
tween the two units showed no evidence of soil development on
the beach deposit, eliminating the possibility of dating bulk soil
organics to obtain a maximum limiting age for the event. The
lack of soil development and the absence of subaerial deposits
between the beach deposit and the colluvial wedge implies that
the most-recent event occurred soon after Lake Bonneville re-
gressed from the site. However, evidence from the Big Canyon
site shows that the most-recent surface-faulting earthquake actu-
ally occurred several thousand years after the Lake Bonneville
regression. The lack of soil development on unit D4 might be
related to the strong tufa cementation of the unit, which may have
retarded the downward translocation of silt and clay and thus
slowed the pedogenic process.

The top of the most-recent-event colluvial wedge was also
examined for soil development. None was identified, indicating
that the wedge was buried by colluvium (stratigraphic package
G) before sufficient time passed for a soil to form. The wedge
has an organic matrix that might have provided enough bulk
carbon for a radiocarbon age estimate. However, because carbon
in colluvial wedges can come from a variety of sources of
different ages, the significance of an age estimate on the matrix
would be difficult to interpret (Forman, 1989), especially in the
absence of constraining dates above and below the wedge. For
that reason, the wedge matrix was not dated, and all that can be
confidently stated about the timing of the most-recent surface-
faulting earthquake on the Oquirrh fault zone based on evidence
from the Pole Canyon trench is that it occurred after Lake
Bonneville regressed from the site.
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APPENDIX

DESCRIPTION OF GEOLOGIC UNITS, BIG
CANYON TRENCH SITE, OQUIRRH FAULT
ZONE, TOOELE COUNTY, UTAH

UNITS 1-7

These are the oldest units exposed in trenches BC-2 and
BC-3. They consist of interbedded alluvial-fan, loess, and col-
luviated loess deposits that lie within the fault footwall and
predate the most-recent surface-faulting earthquake. The loess
and colluviated loess deposits are not exposed in trench BC-2
and so the deposits of this age were left undifferentiated in that
trench.

Unit 1 - Sandy, silty gravel! (stream alluvium): Light yel-
lowish brown (10YR 6/4) when dry, brown (10YR 5/3) when
wet?; 70% gravel®> 15% sand, and 15% fines (mostly silt);
maximum clast size 7 cm; subangular to subrounded; low
plasticity*, moderately sorted, clast supported, clasts imbri-
cated N. 5° E., 4° E; clasts 70% limestone and 30% quartzite;
carbonate stringers in matrix and coatings on clasts (stage I+
CaCQ;); upper contact abrupt and planar.

Unit 2 - Silt with sand and gravel (colluviated loess): Pale
brown (10YR 6/3) when dry, brown (10YR 5/3) when wet;
15% gravel, 15% sand, and 70% fines; maximum clast size 5
cm; subangular to subrounded; low plasticity; moderately
cemented, some carbonate nodules and stringers (stage I+
CaCO0,); no bedding or stratification; moderately sorted; root
pores; abrupt upper contact; deposit is variable in thickness
and discontinuous.

Unit 3 - Silty gravel with sand (stream alluvium?): Very pale
brown (10YR 7/3) when dry; brown (10YR 5/3) when wet;
trace of boulders, 20% cobbles, 55% gravel, 10% sand, and
15% fines (mostly silt); cobbles subrounded, gravel and sand
subangular; low plasticity; no bedding or stratification, poorly
sorted, generally clast supported; clasts 80% limestone; 20%
quartzite; some flecks of carbonate in matrix and in pores;
upper contact abrupt and planar.

Unit 4 - Sandy, gravelly silt (colluviated loess and colluvium):
Color varies from pale brown (10YR 6/3) to yellowish brown
(10YR 5/4) when dry, and from brown-dark brown (10YR
4/3) to pale brown (10YR 6/3) when wet; trace of cobbles,
20% gravel, 15% sand, and 65% fines (mostly silt); maximum
clast size 9 cm; subangular to subrounded; low plasticity;
poorly cemented; moderately sorted and contains discontinu-
ous, thin lenses of gravel; unit is laterally discontinuous and
thickness varies from 0 to over 1 m; upper contact abrupt.

! Unified Soil Classification System used to classify unit texture and grain size.
2Munsell color chart used to describe unit color.
3 Percentages reported for clast size fractions are field estimates.

“Plasticity estimated in the field; for coarse-grained units plasticity is reported for the ma-
trix (fines portion) of the deposit.

Unit 5 - Silty gravel with sand (interbedded stream alluvium
and debris-flow deposit): Pale brown (10YR 5/3) when wet;
30% cobbles, 45% gravel, 10% sand, and 15% fines; maxi-
mum clast size 22 cm; gravel and cobbles subrounded, sand
subangular; low plasticity; moderately cemented, carbonate
coating on clasts and stringers in matrix (stage II CaCOs);
moderately to poorly sorted; stratified (25-cm-thick debris-
flow deposit interbedded within stream deposits); imbrication
of clasts in stream alluvium dips 6° W.; clasts 60% limestone,
40% quartzite; root tubes; upper contact abrupt.

Unit 6 - Silt with sand (loess and colluviated loess): Pale brown
(10YR 6/3) when dry, brown (10YR 5/3) when wet; trace of
cobbles, 5% gravel, 10% sand, 85% fines (mostly silt); maxi-
mum clast size 10 cm; subrounded; weakly to moderately
cemented, carbonate stringers (stage I+ CaCOs); moderately
to well sorted; no bedding or stratification; root tubes; many
krotovina; upper contact abrupt and planar.

Unit 7 - Sandy, cobbly, silty gravel (debris-flow depeosit): Light
gray (2.5Y 7/2) when dry, light olive brown (2.5Y 5/3) when
wet; trace of boulders, 15% cobbles, 50% gravel, 15% sand,
20%: fines; maximum clast size 30 cm; subangular to sub-
rounded; low plasticity; well cemented, carbonate coating on
clasts (varies from stage II to IlI+ CaCO,); clast-supported,
clasts randomly oriented, poorly sorted, no stratification;
clasts 85% limestone, 15% quartzite; upper contact abrupt
and disconformable near fault; root tubes.

Unit 1-7 (undifferentiated) - Sandy, cobbly gravel with silt
(interbedded stream alluvium and debris-flow deposits):
Very pale brown (10YR 7/4) when dry, light yellowish brown
(10YR 6/4) when wet; 5% boulders, 25% cobbles, 40%
gravel, 20% sand, and 10% fines; maximum clast size 75 cm;
angular to rounded; low plasticity; noncemented to weakly
cemented; crudely stratified, poorly sorted; clasts 85% lime-
stone, 15% quartzite; upper contact disconformable.

UNITS 8-11

These sediments include a nearly complete package of trans-
gressive, deep-water, and regressive Lake Bonneville deposits
that lie on the downthrown side of the fault and predate the
most-recent faulting event. Units 8 and 9 include transgressive
beach deposits exposed in trenches BC-2 and BC-3. Also in
trench BC-2, near the main fault, was a sandy gravel deposit (unit
9b) that appears to be a part of unit 9 that was deformed by
liquefaction or soft-sediment deformation. Unit 10 is a fine-
grained, shallow to deep-water lacustrine deposit only present
close to the fault, but found in both trenches BC-2 and BC-3.
Unit 11 is a tufa-cemented regressive beach deposit at the west
end of trench BC-2. An erosion-truncated paleosol is developed
on the top of the Lake Bonneville deposits.

Unit 8a - Sandy, cobbly, bouldery gravel (transgressive
beach deposits): Grayish brown (2.5Y 5/2) when dry, very
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dark grayish brown to dark grayish brown (2.5Y 3/2 to 4/2)
when wet; 35% boulders, 25% cobbles, 25% gravel, 15%
sand, and trace of fines; subrounded to rounded; nonplastic;
poorly cemented; moderately to well sorted; well stratified;
becomes finer grained upward; bedding dips variably to the
west and unit is warped up along the main fault zone; upper
contact distinct but gradational; carbonate rinds on the bot-
toms of some clasts but carbonate is highly variable and
appears partially dissolved.

Unit 8b - Cobbly, gravelly sand (transgressive beach depos-

its): Light brownish gray (2.5Y 6/2) when dry, olive brown
(2.5Y 4/3) when wet; 5% boulders, 15% cobbles, 25% gravel,
and 55% sand; maximum clast size 35 cm; sand subangular
to rounded, larger clasts are rounded; nonplastic; nonce-
mented; well sorted; coarse horizontal bedding; upper contact
abrupt and irregular; some cobbles and gravels variably
coated with tufa-cemented sand; this unit is exposed near the
antithetic fault zone and grades into unit 8d to the east within
the graben.

Unit 8c - Sandy, cobbly, bouldery gravel (transgressive beach

deposits): Light yellowish brown (2.5Y 6/3) when dry, olive
brown (2.5Y 4/3) when wet; 30% boulders, 25% cobbles,
25% gravel, and 20% sand; maximum clast size 80 cm;
subrounded to rounded; nonplastic; moderately cemented;
moderate to well sorted; stratified; upper contact with unit 15
abrupt and irregular, upper contact with unit 9 distinct but
more gradational; many clasts variably coated with tufa-ce-
mented sand.

Unit 8d - Gravelly sand with boulders and cobbles (trans-

gressive beach deposit): Light yellowish brown (2.5Y 6/3)
when dry, brown (10YR 5/3) when wet; 10% boulders, 5%
cobbles, 25% gravel, 55% sand, 5% fines; subrounded to
rounded; nonplastic; cementation varies from weak to very
strong; well sorted; well stratified; fines upward; horizontal
bedding; this unit underlies unit 11 west of station 25 in trench
BC-3 and unit 10 east of station 25; the contact with unit 11
is abrupt, irregular, and angular; the contact with unit 10 is
gradational; this unit grades into units 8a and 9a to the east
and grades into unit 8b to the west.

Unit 9a - Sand to gravelly sand (transgressive beach depos-

its): Light yellowish brown to light gray (2.5Y 6/3 to 7/2)
when dry, brown to grayish brown (10YR 5/3 to 2.5Y 5/2)
when wet; 0-20% gravel, 80-100% sand, and trace of fines;
maximum clasi size 10 cm; subangular to well rounded;
nonplastic; poorly to moderately cemented; well sorted;
thinly bedded, bedding horizontal except near main fault
where beds are warped 20° to the west; becomes finer grained
upward; upper contact gradational; contains abundant gastro-
pods.

Unit 9b - Gravelly sand with cobbles (injected into unit 10):

Light brownish gray (2.5Y 6/2) when dry, grayish brown
(2.5Y 5/2) when wet; 10% cobbles, 25% gravel, 55% sand,
and 10% fines; maximum clast size 18 cm; subangular to
rounded; nonplastic; noncemented to weak cemented; unit is
only exposed between stations 2 and 6 in trench BC-2; upper
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contact varies from gradational to abrupt and is very irregular
and convoluted, upper section lacks bedding and appears to
have been injected into unit 10 although material is unusually
coarse (includes gravel as coarse as 2 c¢cm), lower section
contains pockets of thinly bedded very fine sand and al-
lochthonous blocks of unit 10 (10b through 10g) distributed
in random orientations.

Unit 10a - Sandy clay to sandy silt to gravelly, bouldery silt

with sand (shallow- to deeper-water deposits deformed
between stations 2 and 6 in trench BC-2): Light gray
(10YR 7/210 2.5Y 7/2) when dry, brown to light olive brown
(10YR 5/3 to 2.5Y 5/3) when wet; 0-25% boulders, 0-5%
cobbles, 0-15% gravel, 10-30% sand, and 45-80% fines;
maximum clast size 60 cm in deformed section and 1.5 cm
elsewhere; subrounded to rounded; medium to high plasticity;
moderately to well cemented; poorly sorted where deformed,
well sorted elsewhere; laminations with very fine sand part-
ings and ostracodes; bedding highly contorted, tilted, and
folded into v-shaped folds between stations 2 and 6, else-
where bedding dips gently to the west; contains prominent
laterally continuous sand horizon, unit fines upward below
this horizon and coarsens upward above this horizon; upper
section contains abundant rootlets, root pores, and krotovina;
upper contact abrupt and eroded.

Units 10b to 10g - Sandy silt (allochthonous blocks of unit

10a in unit 9b): Light gray (2.5Y 7/2) when dry, light olive
brown (2.5Y 5/3) when wet; 30% sand, 70% fines; blocks are
as large as 15 cm; bedding shows random orientations of
blocks; blocks are distributed throughout lower section of unit
9b.

Unit 10h - Silty clay to clayey silt (shallow- to deep-water de-

posits): Pale yellow (2.5Y 7/3) when dry, light yellowish
brown (2.5Y 6/3) when wet; 5% sand and gravel, 95% fines;
maximum clast size 3 c¢m; well rounded; low to medium
plasticity; moderately cemented; well sorted; laminations
with very fine sand partings and ostracods; bedding dips
gently to the west and is warped up along main fault zone in
trench BC-3; contains prominent laterally continuous sand
horizon; unit fines upward below this horizon and coarsens
upward above this horizon; upper section contains abundant
rootlets, root pores, and krotovina; upper contact abrupt and
eroded.

Unit 11 - Sandy, cobbly gravel with boulders (regressive

beach deposits): Pale brown (10YR 6/3) when dry, olive
brown (2.5Y 4/3) when wet; 5-10% boulders, 25-45% cob-
bles, 30-40% gravel, 15-30% sand, and trace of fines; maxi-
mum clast size 45 cm; well rounded; tufa cementation varies
laterally from weak to strong; illuviation of fines into this unit
is greatest where cementation is weakest; well sorted; strati-
fied, horizontally bedded; upper contact generally distinct.

Buried soil on units 10 and 11: This soil consists of a truncated

and buried B horizon overlying the Cu horizon. The B
horizon varies laterally depending on parent material, slope
position, and degree of truncation. On unit 10 close to the
fault, the soil consists of a Bk to Bkm horizon, locally as thick



as 40 cm (for example near station 10 in trench BC-3), with
high plasticity, a platy to prismatic to massive structure,
carbonate stringers and nodules, and carbonate coatings and
fillings of root pores. On unit 11 this horizon consists of a
Btj-Blj horizon, with clay and silt caps in areas with moderate
to strong tufa cementation of the parent material (for example,
near station 25 in trench BC-2), and clay films on grains and
some weak bridges between grains in areas with less cemen-
tation (for example near the antithetic fault zone in trench
BC-3).

UNIT 12
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Unit 13e - Sandy silt (allochthonous block of unit 10h in unit

13h): Bedding dips 40° W.

Unit 13f - Cobbly, sandy gravel with silt and boulders (lower

debris-element association of fault-scarp colluvium): Dark
grayish brown (10YR 4/2) when dry, very dark brown (10YR
2/2) when wet; 10% boulders, 15% cobbles, 40% gravel, 25%
sand, 10% fines; maximum clast size 45 cm; angular to
rounded; low plasticity; no cementation; clast supported; very
poorly sorted and heterogeneous, contains allochthonous
blocks of lacustrine sediments and pockets of organic-rich
material throughout; upper contact distinct to gradational
with unit 13h.

Unit 13g - Sand and silty sand (allochthonous block of units
9a and 10h in unit 13h)

Unit 13h - Cobbly, gravelly sand with silt (upper debris-ele-
ment association of fault-scarp colluvium): Grayish brown
to brown (10YR 5/2-5/3) when dry, dark grayish brown

This debris-flow deposit overlies Lake Bonneville sediments
on the downthrown side of the fault in trenches BC-2 and BC-3.
It predates the most-recent surface-faulting event.

Unit 12 - Silty, sandy, cobbly, bouldery gravel (debris-flow

deposit): Dark grayish brown (10YR 4/2) when dry, very
dark grayish brown (10YR 3/2) when wet; 20% boulders,
15-20% cobbles, 30-35% gravels, 15% sand, and 15% fines;
maximum clast size 64 cm; subangular to rounded; low
plasticity, low dry strength, low toughness; poorly to well
cemented with carbonate; very poorly sorted; nonstratified,
clast supported, clasts randomly oriented; unit is warped up
near main fault; abundant but variable amount of organics in
matrix and intraclasts of soil result in a mottled appearance in
places; abundant roots and root pores, some krotovina; upper
contact abrupt with unit 13 but gradational with unit 15.

(10YR 4/2) when wet; 15% cobbles, 35% gravel, 40% sand,
10% fines; maximum clast size 27 cm; angular to subrounded;
low plasticity; poorly cemented; varies from clast- to matrix-
supported; very poorly sorted to heterogeneous with some
local stratification; contains allochthonous blocks of lacus-
trine sediments only at the base and has much less organic
material in matrix than unit 13f; upper contact distinct but
gradational.

Unit 13i - Sandy gravel with cobbles and silt (wash-element

association of fault-scarp colluvium): Brown (10YR 5/3)
when dry, dark grayish brown (10YR 4/5) when wet; trace of

boulders, 10% cobbles, 50% gravel, 30% sand, and 10%
fines; maximum clast 50 cm; subangular to rounded; low
plasticity; poorly cemented; generally matrix supported;
moderately to poorly sorted; slightly stratified; some slope-
parallel imbrication of clasts especially in distal portion of
deposit; upper contact gradational and indistinct in places.

UNITS 13-14

These deposits are related to the most-recent surface-faulting
earthquake. They include material in the main fault zone (unit
13a in trench BC-3), and fault-scarp colluvium of the main (unit
13) and antithetic (unit 14) fault zones. Units 13a-13i and unit
14 are in trench BC-3. Unit 13j is in trench BC-2.

Unit 13j - Silty gravel with sand and cobbles (undifferenti-
ated fault scarp colluvium): Light gray (10YR 7/2) when
dry, grayish brown (10YR 5/2) when wet; trace of boulders,
15% cobbles, 45% gravel, 25% sand, and 15% fines; maxi-
mum clast size 25 cm; subangular to well rounded; very low

Unit 13a - Sandy, cobbly, clayey gravel (sheared fault zone
plasticity; noncemented to weakly cemented; generally ma-

material): Pale yellow (2.5Y 7/3) when dry, light yellowish

brown (2.5Y 6/3) when wet; 20% cobbles, 35% gravels, 20%
sand, and 25% fines; maximum particle size 15 cm; subangu-
lar to rounded; poorly cemented; medium plasticity; very
poorly sorted; very well developed shear fabric defines a 10
to 20 centimeter-wide zone that strikes N. 17-22° E. and dips
79-84° W.

Unit 13b - Sand and sandy silt (allochthonous block of units

9a and 10h in unit 13f): Bedding is overturned and dips 35° W.

Unit 13c - Clayey silt (allochthonous block of unit 10h in unit

13f): Block under unit 13b, bedding dips to the east.

Unit 13d - Sand and sandy silt (allochthonous block of units

9a and 10h in unit 13f): Bedding is overturned and dips 25° W.

trix supported except near base and at distal portion of de-
posit; poorly to very poorly sorted; crudely stratified, weak
slope-parallel imbrication of clasts; includes fissure fill or
"heal" at base of buried free-face, roughly 1 meter deep; upper
contact distinct but gradational.

Unit 14 - Sandy gravel with cobbles (antithetic fault-scarp

colluvium): Light brownish gray (10YR 6/2) when dry, dark
grayish brown to very dark grayish brown (10YR 4/2-3/2)
when wet; 10% cobbles, 50% gravel, 35% sand, 5% fines;
maximum clast size 9 cm; subrounded to rounded; nonplastic;
poorly to moderately cemented, many clasts are coated with
carbonate or tufa-cemented sand, some carbonate in matrix
(stage I CaCO,); poorly sorted; clasts are imbricated, dipping
to the east.
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UNITS 15-21

These deposits consist of alluvium and colluvium that post-
date faulting at the Big Canyon site. Units 15a and 16 overlie
the most-recent earthquake colluvial wedge at the main fault in
trench BC-3, unit 15b overlies the most-recent event colluvial
wedge in trench BC-2, and unit 17 overlies fault-scarp colluvium
associated with the antithetic fault zone in trench BC-3. Units
18 through 21 are in trench BC-2 and are alluvial-fan sediments
from Big Canyon that bury the main fault scarp.

Unit 15a - Sandy, gravelly silt (colluvium): Dark grayish
brown (10YR 4/2) when dry, very dark grayish brown (10YR
3/2) when wet; trace of boulders and cobbles, 35% gravel,
30% sand, 35% fines; maximum clast size 170 cm; subangu-
lar to rounded; medium plasticity, low to medium toughness,
low dry strength; non- to moderately cemented; some weak
stratification, weak slope-parallel imbrication of clasts,
poorly sorted; matrix-supported; unit is thinnest on main
scarp and thickest at station 20, grades finer to the west into
unit 17; upper contact with unit 16 gradational; modern soil
is developed on this unit.

Unit 15b - Gravelly, sandy silt (colluvium): Grayish brown
(2.5Y 5/2) when dry, very dark gray (10YR 3/1) when wet;
5% boulders, 5% cobbles, 15% gravel, 25% sand, and 50%
fines; maximum clast size 90 cm; subangular to rounded;
medium plasticity, medium toughness, low dry strength; non-
to poorly cemented; some weak stratification, weak slope-
parallel imbrication of clasts; poorly sorted; matrix sup-
ported; unit is thinnest on main scaip; modern soil is
developed on this unit.

Unit 16 - Sandy gravel with cobbles (slope wash and allu-
vium): Grayish brown (10YR 5/2) when dry, very dark
grayish brown (10YR 3/2) when wet; trace of boulders, 10%
cobbles, 40% gravel, 35% sand, and 15% fines; maximum
clast size 26 cm; subangular to rounded; low plasticity; non-
cemented; moderately sorted; clast supported; stratified,
clasts strongly imbricated; unit only present at the base of the
scarp in trench BC-3.

Unit 17 - Gravelly, sandy, clayey silt (colluvium and colluvi-
ated loess): Brown (10YR 5/3) when dry, dark grayish brown
(10YR 4/2) when wet; 15% gravel, 20% sand, and 65% fines;
maximum clast size 5 cm; subangular to subrounded; medium
plasticity, moderate toughness and dry strength; poorly to
moderately cemented; moderately sorted; nonstratified;
highly bioturbated, many roots; modern soil is developed on
this unit; grades into unit 15a in the graben.

Modern soil on units 15 and 17: This soil consists of a thin soil
A horizon, 0 to 10 cm thick, overlying a Bw to Bkj horizon,
10 to 100 cm thick. The soil is thickest on unit 17 in the
deepest part of the graben, where a cumulative profile has
developed. The A horizon is dark grayish brown (2.5Y 4/2)
when dry, and black (5Y 2.5/1) when wet. The Bw horizon
is dark grayish brown (10YR 4/2) when dry and dark brown
(10YR 3/3) when wet. The Cu horizon is grayish brown
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(2.5Y 5/2) when dry and very dark gray (10YR 3/1) when
wet. The Bkj horizon is more cemented and reacts more
vigorously to HCI than the underlying Cu horizon and has
some thin carbonate coatings on clasts.

Unit 18 - Sandy gravel with cobbles (stream alluvium):
Brown (10YR 5/3) when dry, dark brown (10YR 4/3) when
wet; trace of boulders, 10% cobbles, 60% gravel, 20-25%
sand, 5-10% fines; maximum clast size 38 cm; poorly ce-
mented; well sorted; well stratified with interfingering lenses
of coarser and finer material, some finer-grained lenses con-
tain hackberry seeds (Celtis reticulata(?}; D.B. Madsen, per-
sonal communication, 1992); horizons of discontinuous
carbonate coatings on clasts (stage I CaCOj;); upper contact
abrupt and eroded by overlying channel deposit (unit 19).

Unit 19 - Sandy, silty gravel (channel deposit): Dark grayish
brown (10YR 4/2) when dry, very dark grayish brown (10YR
3/2) when wet; 0-10% cobbles, 55-60% gravel, 20% sand, and
20-25% fines; maximum clast size 20 cm; subangular; poorly
cemented; unit is channel shaped, has a basal lag deposit, and
becomes finer grained upward; clast-supported at base but
generally matrix supported elsewhere; mottled texture with
pockets of organic-rich matrix; upper contact distinct and
abrupt.

Unit 20 - Silty, cobbly gravel with sand (debris-flow deposit):
Dark grayish brown (10YR 4/2) when dry, very dark brown
(10YR 2/2) when wet; trace of boulders, 25% cobbles, 40%
gravel, 10-15% sand, and 20-25% fines; maximum clast size
60 cm; subangular; low plasticity; poorly cemented; poorly
sorted; nonstratified, clasts randomly oriented; upper contact
varies from gradational to abrupt.

Unit 21 - Silty, cobbly gravel with sand (interbedded stream
alluvium and debris-flow deposits): Dark grayish brown
(10YR 4/2) when dry, very dark grayish brown (10YR 3/2);
5% boulders, 30-40% cobbles, 20-30% gravel, 10% sand, and
25% fines; maximum clast size 2 m; angular to subrounded;
noncemented; low plasticity; unit consists of lenses of well-
sorted, well-stratified, clast-supported stream alluvium at the
base, and interbedded and overlying very poorly sorted, het-
erogeneous, non-stratified, debris-flow sediments.

DESCRIPTION OF GEOLOGIC UNITS,
POLE CANYON TRENCH, OQUIRRH
FAULT ZONE, TOOELE COUNTY, UTAH

STRATIGRAPHIC PACKAGE A

The oldest geologic deposits exposed in the trench. They
predate and immediately postdate the antepenultimate surface-
faulting earthquake and lie below an unconformity with younger
fluvial and lacustrine units of stratigraphic packages B and D.
Two paleosols are developed on this stratigraphic package.
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Paleosol S1 Buried soil on units A2b, A2c, and A3a: Buried
soil consisting of a weak clay-enriched Bt horizon overlying
a strong K horizon (stage III+ CaCO;). The Bt horizon
averages 14 cm thick (probably partially eroded), is light
yellowish brown (10YR 6/4)!, and exhibits weakly developed
blocky soil structure with poorly developed clay skins on
some ped surfaces. The K horizon is light gray (10YR 7/4)
and is plugged with CaCO;. Thickness of the K horizon
varies, ranging from about 15 cm on units A2b and A2c to 35
cm on unit A3a.

Paleosol S2 Buried soil on units A2b and A3b: Buried soil
consisting of a weak clay-enriched Bt horizon overlying a Bk
horizon. The Bt horizon averages 12 cm thick, is pale brown
(10YR 6/3), and exhibits weakly developed angular blocky
soil structure. The Bk horizon contains filaments and string-
ers of CaCOj; and weak carbonate coatings on the bottom of
gravel clasts (stage I+ CaCOs).

Paleosols S1 and S2 may be equivalent, but they do not
connect within the trench wall exposure. The strong K horizon
associated with paleosol S1 argues for an older age than paleosol
S2.

Unit A3

Fluvial deposits that incise or mantle the
antepenultimate earthquake scarp and
associated colluvial units

A3b Gravelly, clayey sand? (debris-flood deposit?): Mottled
light yellowish brown (10YR 6/4) to yellowish brown (10YR
5/6) with streaks of reddish yellow (7.5YR 7/8) iron staining;
<5% boulders and cobbles, 35% gravel, 50% sand, 15%
clayey fines34, maximum clast size 30 cm; subangular to
subrounded; moderately plastic’; crudely stratified; weakly to
moderately cemented (stage I+ CaCOs); upper contact abrupt
and unconformable; paleosol at top of unit (Bt and Bk hori-
zZons).

A3a Sandy gravel (cut-and-fill stream depeosit): Color vari-
able due to strong carbonate cementation (white, 10YR 8/2),
locally iron stained (reddish yellow, SYR 7/8); 65% gravel,
30% sand, 5% fines, maximum clast size 9 cm; subangular to
subrounded; none to very low plasticity; well stratified with
alternating layers of coarse and fine gravel up to 20 cm thick;
moderately to strongly cemented (stage III+ CaCO;); upper
contact abrupt and unconformable; paleosol at top of unit (Bt
and K horizons).

Units A3a and A3b may be equivalent, however, they do not
connect within the trench wall exposure.

'Munsell color chart used to describe unit colors.

2Unified Soil Classification System used to classify unit texture and grain size.
3Percentages reported for clast size fractions are field estimates.

“Clast composition is predominantly limestone and quartzite unless otherwise noted.
5Plasn'city estimated in the field; for coarse-grained units plasticity is reported for the ma-
trix (fines portion) of the deposit.
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Unit A2

Colluvial and eolian deposits mantling the
antepenultimate earthquake-degraded
scarp free face

A2c¢ Sandy silt (loess): Very pale brown (10YR 7/3), locally
mottled with yellow (10YR 7/5) iron staining; 5% coarse
sand, 45% fine sand, 50% silty fines, maximum clast size 3
mm; subangular to subrounded; low plasticity; weakly strati-
fied; moderately cemented in upper part (stage II- CaCO;, K
horizon), porous with low dry strength; upper contact abrupt
and unconformable with overlying cut-and-fill fluvial unit;
interbedded with unit A2b.

A2b Cobbly, sandy gravel with silt (colluvium): Light gray
(10YR 7/2); <5% boulders, 10% cobbles, 50% gravel, 30%
sand, 10% fines, maximum clast size 30 cm; subangular to
subrounded; very low plasticity; indistinct bedding; moder-
ately to strongly cemented (stage III grading to stage II+
CaCO, with depth); upper contact abrupt and unconformable;
paleosol at top of unit (Bt and K horizons); interbedded with
unit A2c.

A2a Sandy silt (loess): Very pale brown (10YR 7/3); 5%
gravel, 25% mostly fine sand, 70% fines, maximum clast size
13 cm; gravel and sand subrounded; low plasticity; in-
distinctly bedded; weakly cemented (stage I CaCOs), porous
with low dry strength; upper contact abrupt.

Unit Al

Pre-antepenultimate event alluvial and eolian
deposits

Alc Sandy gravel (debris-flood deposit?): Pale brown (10YR
6/3) with yellow (10YR 7/6) iron staining along upper con-
tact; <5% cobbles and boulders, 60% gravel, 35% sand, 5%
fines, maximum clast size 57 cm; cobbles and boulders sub-
rounded, gravel and sand subangular to subrounded; very low
plasticity; crudely stratified (alternating layers of coarse and
finer grained sandy gravel); weakly to moderately cemented
(stage I+ CaCOs;); upper contact abrupt.

Alb Sandy silt (loess): Pale brown (10YR 6/3); 5% gravel,
35% very fine sand, 60% fines, maximum clast size 12 cm
(very rare); gravel subangular to subrounded, sand angular to
subangular; low plasticity; nonstratified; weakly cemented
(stage I CaCO,), porous with low dry strength; upper contact
abrupt.

Ala Sandy gravel with silt and cobbles (alluvial-fan de-
posit): Very pale brown (10YR 7/4); <5% cobbles, 60%
gravel, 30-35% sand, 5-10% fines, maximum clast size 25
cm; subangular to subrounded; very low plasticity; crudely
bedded; moderately cemented (stage II+ CaCO,); upper con-
tact abrupt; matrix appears to be reworked loess.
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STRATIGRAPHIC PACKAGE B

Fluvial sediments unconformably overlying stratigraphic
package A. They postdate the antepenultimate earthquake and
predate the penultimate earthquake. Paleosols S1 and S2 at the
contact between stratigraphic packages A and B show that a
period of soil formation followed the antepenultimate earth-
quake prior to deposition of stratigraphic package B.

Unit BS

Stratigraphic package B sediments beneath the
penultimate-earthquake colluvial wedge

B5 Sandy, clayey silt: Very pale brown (10YR 7/3); <5%
gravel, 25% very fine sand, 75% fines, maximum clast size 7
cm; gravel subrounded, sand subangular to subrounded; low
plasticity; nonstratified; very weakly cemented; upper contact
abrupt and unconformable; the matrix material in the overly-
ing penultimate-earthquake colluvial wedge is similar in
color and texture to this unit as is unit B2 on the upthrown
side of the fault zone.

Unit B4

Remnant of stratigraphic package B down-
faulted with the penultimate-earthquake
colluvial wedge during the most recent
surface-faulting earthquake

B4 Gravelly sand: Light gray (10YR 7/2) with minor reddish
yellow (7.5YR 6/8) iron staining; <5% cobbles, 35% gravel,
60% sand, 5% fines, maximum clast size 15 cm; subrounded;
nonplastic; nonstratified, some rotation of clasts due to fault
shear; noncemented; remnant of penultimate-earthquake
scarp free face.

Unit B3

Coarse-grained fluvial sediment interbedded
with B2

B3 Sand with gravel: Light gray (10YR 7/2) with minor
reddish yellow (7.5YR 6/8) iron staining; 10% cobbles, 25%
gravel, 65% sand, <5% fines, maximum clast size 25 cm;
subrounded; nonplastic; crudely bedded with thin, discon-
tinuous clay stringers and beds of gravelly sand; weakly
cemented (stage I- CaCOs); upper contact abrupt; interfingers
with unit B2.
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Unit B2

Fine-grained fluvial sediment filling buried-
stream channel, the resulting cut-and-fill
structure truncates several subunits in Bl

B2 Silty clay with stringers of sand: Dark yellowish brown
(10YR 4/4); 15% mostly very fine sand, 85% fines; low to
moderate plasticity; consists of interbedded silt and clay
lamina, with clay predominating, some sand stingers near
west edge of deposit; noncemented; upper contact abrupt and
unconformable; contains numerous flecks of detrital char-
coal; interfingers with unit B3 and truncates several subunits
in unit B1.

Unit B1

Coarse-grained fluvial deposits truncated,
interbedded with, or buried by unit B2

B1j Gravelly Sand: Light gray (10YR 7/2) with minor reddish
yellow (7.5YR 6/8) iron staining; 10% cobbles, 25% gravel,
65% sand, maximum clast size 29 cm; subrounded; nonplas-
tic; alternating discontinuous sand and gravelly sand layers;
noncemented; upper contact abrupt.

Bli Sand with gravelly sand stringers: Light gray (10YR 7/2);
<5% cobbles; 15% gravel, 85% sand, maximum clast size 10
cm; subrounded; nonplastic; thinly bedded; noncemented;
upper contact abrupt.

B1h Gravelly sand with cobbles: Light gray (10YR 7/2) with
minor reddish yellow (7.5YR 6/8) iron staining; 5% cobbles,
25% gravel, 70% sand, maximum clast size 15 cm; sub-
rounded; nonplastic; alternating discontinuous layers of sand
and gravelly sand; weakly cemented (stage I+ CaCOs); upper
contact abrupt.

Blg Gravel: Strongly mottled with black (10YR 3/1) manganese
and red (7.5YR 6/8) iron staining; <5% cobbles and boulders,
95% gravel, maximum clast size 30 cm; subrounded; nonplas-
tic; imbricated openwork structure; noncemented; upper con-
tact abrupt.

B1f Cobbly gravel with boulders: Mottled with manganese
and iron staining ranging from very dark gray (10YR 3/1) to
reddish yellow (7.5 YR 6/8), where not mottled very pale
brown (10YR 7/3); 10% boulders, 40% cobbles, 50% gravel,
maximum clast size 35 cm; subrounded; nonplastic; imbri-
cated openwork structure, grades finer upward; noncemented;
upper contact abrupt.

Ble Gravelly sand with clay and silt stringers: Light gray
(10YR 7/2); 30% gravel, 70% sand, % fines, maximum clast
size 10 cm; subrounded; nonplastic; moderately bedded, al-
ternating coarse and fine sand layers; weakly cemented; upper
contact abrupt.
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Bld Cobbly gravel with boulders: Mottled with manganese
and iron staining ranging from very dark gray (10YR 3/1) to
reddish yellow (7.5 YR 6/8), where not mottled very pale
brown (10YR 7/3); 10% boulders, 40% cobbles, 50% gravel,
maximum clast size 35 cm; subrounded; nonplastic; imbri-
cated openwork structure, grades finer upward; noncemented;
upper contact abrupt.

Blc Gravelly sand with clay and silt stringers: Light gray
(10YR 7/2); <5% cobbles and boulders, 30% gravel, 65%
sand, <5% fines, maximum clast size 45 cm; gravel sub-
rounded, sand subrounded to subangular; nonplastic; poorly
to moderately stratified with alternating layers of sand and
gravel and clay/silt stringers, grades from finer to coarser
upward; non- to very weakly cemented; upper contact abrupt;
interfingers with unit B1d.

Blb Gravel: Strongly mottled with manganese and iron staining
ranging from very dark gray (10YR 3/1) to reddish yellow
(7.5 YR 6/8), where not mottled very pale brown (10YR 7/3);
10% cobbles, 90% gravel, maximum clast size 20 cm; sub-
rounded; nonplastic; nonstratified, imbricated, openwork
structure (no matrix); weakly cemented (stage I- CaCO,);
upper contact abrupt.

Bla Cobbly, sandy gravel: Light gray (10YR 7/2) with reddish
yellow (7.5YR 7/8) iron staining; <5% boulders, 25% cob-
bles, 40% gravel, 35% sand, <5% fines, maximum clast size
30 cm; cobbles and gravel subrounded, sand subrounded to
angular; nonplastic; crudely stratified with stringers of sand
up to 5 cm thick; noncemented, loose, ravels freely; upper
contact abrupt.

STRATIGRAPHIC PACKAGE C

Penultimate surface-faulting earthquake colluvial wedge.
The wedge consists of material eroded from the upper part of the
scarp formed by the penultimate earthquake and deposited at the
base of the scarp. Both debris-element and wash-element facies
are present in the wedge; however, the fine-grained texture of the
material in the wedge made it difficult to distinguish between the
two or to clearly identify individual gravity-derived blocks.
Therefore, the wedge is described here and shown on the Pole
Canyon trench log as a single unit. A paleosol is present on the
wedge.

Unit C

Paleosol S3 Buried Soil on Unit C: Buried soil consisting of
a weak clay-enriched Bt horizon overlying a Bk horizon. The
Bt horizon averages 12 cm thick (probably partially eroded),
is light yellowish gray (2.5Y 6/2), and exhibits poorly devel-
oped prismatic soil structure with thin clay skins. The Bk
horizon ranges from white (10YR 8/2) to very light brown
(10YR 7/3) with depth and, where best developed, exhibits
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stage II CaCOj; accumulation. Thickness of the Bk horizon
varies, reaching 30 cm in places. :

C Gravelly, clayey sand and clayey, sandy gravel (colluvial
wedge): Generally very pale brown (10YR 7/3) but locally
moderate to strong carbonate accumulation gives the wedge
a white (10YR 8/2) color; texture variable, <5% boulders and
cobbles, 15-40% gravel, 30-50% sand, 10-30% fines, maxi-
mum clast size 37 cm; subrounded; low to moderate plastic-
ity; crudely stratified, especially near the top of the wedge
where slope-wash depositional processes dominated; moder-
ately cemented (stage II CaCO; grading to stage I downward);
upper contact abrupt and unconformable; paleosol developed
at top of unit.

STRATIGRAPHIC PACKAGE D

Lacustrine deposits of the Bonneville lake cycle. Lake Bon-
neville transgressed across the Pole Canyon trench site (elevation
1,448 m) about 20,000 14C years ago and regressed from the site
shortly after 14,200 14C years ago. When the lake reached its
high stand (Bonneville level, 1,552 m) the trench site was be-
neath about 135 meters of water.

Unit D4

Regressive beach deposit - the only faulted strati-
graphic unit that can be correlated across the
fault zone

D4 Bouldery, cobbly, sandy gravel: Light gray (10YR 7/2)
except where strongly cemented by white (10YR 8/1) tufa;
texture highly variable, 15-50% boulders, 10-30% cobbles,
30-50% sand, <5% fines, maximum clast size 1 m; boulders,
cobbles, and gravel are rounded to subrounded, sand is sub-
rounded; nonplastic; nonstratified; strongly cemented locally
(particularly on the upthrown side of the fault zone) by tufa;
upper contact abrupt and unconformable; no soil develop-
ment at top of unit.

Unit D3

Deep-water sediments

D3 Silty clay: Brown (10YR 5/3); 10% fine sand, 90% predom-
inantly clay fines with a strong silt component; moderate
plasticity; very thinly bedded to laminated, alternating layers
of silt and clay; noncemented; upper contact abrupt and
unconformable; numetous hairline vertical cracks outlined by
CaCQO,;, possible evidence of liquefaction in underlying sand
deposit (unit D2c); thin, locally convoluted black marker
horizon extends the length of this unit, non-organic, possibly
manganese.



Paleoseismic investigation of Oquirrh fault zone

D2

Nearshore transgressive deposits on upthrown
side of the fault zone

D2¢ Gravelly sand: Light gray (10YR7/2) with white (10YR
8/1) carbonate mottling; <5% cobbles, 20% gravel, 80% sand,
<5% fines, maximum clast size 15 cm; subrounded, nonplas-
tic; homogeneous; weakly cemented; upper contact abrupt.

D2b Sandy gravel with cobbles: Light gray (10YR 7/2) with
reddish yellow (7.5YR 6/8) iron stains; <5% boulders, 5%
cobbles, 65% gravel, 30% sand, <5% fines, maximum clast
size 30 cm; subrounded; nonplastic; imbricate openwork
structure in places, otherwise crudely bedded; noncemented;
upper contact abrupt.

D2a Sand: Brownish yellow (10YR 6/8); 5% gravel, 90%
sand, 5% fines, well sorted, maximum clast size 4 cm; sub-
rounded to subangular; nonplastic; noncemented; upper con-
tact abrupt; contact with underlying unit B2 clay is
unconformable and erosional, stratigraphic relations show as
much as 1.5 m of unit B2 were eroded when Lake Bonneville
transgressed across the fault scarp.

Unit D1

Nearshore transgressive deposits on down-
thrown side of the fault zone

Dlc Cobbly, sandy gravel: Light gray (10YR 7/2); texture
highly variable, <5% boulders, 10-15% cobbles, 40-70%
gravel, 20-40% sand, no fines, maximum clast size 65 cm;
subrounded to rounded; nonplastic; nonstratified; weakly to
moderately cemented (stage II- CaCO; coatings on clasts);
upper contact abrupt.

D1b Sandy gravel with cobbles (prograding bar): Very pale
brown (10YR 7/3) with streaks and blotches of reddish yellow
(7.5YR 7/8) iron staining along coarse gravel stringers; tex-
ture highly variable, 0-15% boulders and cobbles, 30-100%
gravel, 0-70% sand, 0-10% fines, maximum clast size 35 cm;
subrounded; nonplastic; well stratified, texture is highly vari-
able between individual beds, ranging from well-sorted,
openwork gravel with no matrix to gravelly sand with fines,
unit becomes finer grained upward and to the west; moder-
ately to strongly cemented (stage II+ CaCOs), strongest ce-
mentation along upper contact with overlying tufa cemented
regressive Bonneville beach deposit (D4); primary dips on
bedding as high as 35 degrees to the east.

Dla Silty clay with sand (marsh deposit): Pale yellow (2.5Y
5/4) with streaks and blotches of yellow (10YR 7/6); 15% fine
sand, 85% silty fines, maximum clast size 1 cm; subrounded;
moderate plasticity; thin beds and lamina of silty clay with
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stringers of sand and clayey sand along the lower contact;
weakly cemented; upper contact abrupt; contains small flecks
of charcoal; mantles penultimate-earthquake colluvial wedge.

STRATIGRAPHIC PACKAGE E

Post-Lake Bonneville colluvium (debris-flow deposit?) de-
posited after the lake regressed from the trench site and before
the most-recent surface-faulting earthquake occurred.

Unit E

E Clayey, sandy gravel: Brown (10YR 5/3); 10% cobbles,
50% gravel, 15% sand, 25% clayey fines, maximum clast size
25 cm; rounded; moderate plasticity; nonstratified; weakly
cemented (stage I CaCOs;); upper contact gradational with
modern colluvium (unit H).

SHEARED FAULT ZONE MATERIAL

Material in the fault shear zone, predominantly coarse-
grained sand and gravel derived from stratigraphic packages B
and D.

FZ Sandy gravel with cobbles: Very pale brown (10YR 7/3);
10% cobbles, 50% gravel, 40% sand, <5% fines, maximum
clast size 20 cm; subrounded to rounded; nonplastic; strong
shear fabric parallel to fault; noncemented; fault zone width
varies from about 8 to 45 cm.

STRATIGRAPHIC PACKAGE F

Most-recent surface-faulting earthquake colluvial wedge.
The wedge consists of material eroded from the upper part of the
scarp formed by the most-recent earthquake and deposited at the
base of the scarp. Both debris-element and wash-element facies
are present in the wedge; however, the boundary between the two
facies is gradational and the wedge is described here and shown
on plate 1 as a single unit.

Unit F

F Clayey, sandy gravel (colluvial wedge): Brown (10YR
5/3); 5% boulders, 10% cobbles, 40% gravel, 20% sand, 25%
fines, maximum clast size 50 cm; subrounded to rounded; low
to moderate plasticity; nonstratified in lower part of wedge,
in the upper part of the wedge the clasts parallel the upper
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wedge contact (slope-wash facies); noncemented; upper con- Unit G
tact abrupt.
G  Gravelly, sandy clay/gravelly and clayey sand (collu-
STRATIGRAPHIC PACKAGE G vium): Brown (10YR 5/3); texture highly variable, 0-10%
boulders and cobbles, 20-50% gravel, 20-40% sand, 20-50%
Post-most-recent-event colluvium mantling the fault scarp fines, maximum clast size 85 cm; subrounded to rounded; low

and both the up- and downthrown sides of the fault zone. to moderate plasticity; nonstratified; noncemented.














