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Abstract--The NNW-striking South Oquirrh Mountains normal fault zone consists of four individual faults. The 
individual faults are arranged in a right-stepping pattern in the north and a left-stepping pattern in the south, 
forming a convex-shaped fault zone in map view with the apex towards the hanging wall. Late Quaternary fault 
activity is characterized by 2.0--4.5 m high discontinuous fault scarps developed in both late Quaternary alluvium 
and bedrock. The fault scarps in bedrock contain evidence of two large rupture events. The last large earthquake 
occurred prior to the highstand of the Bonneville lake cycle (15 ka), based on cross-cutting relationship between 
the Bonneville shoreline and the fault scarp, and on comparisons of fault scarp morphology. Cumulative 
displacement patterns inferred from range crest elevations, Bouguer gravity data in the adjacent basin and 
rotation of the subsidiary faults adjacent to the West Mercur fault are similar to the pattern of displacements 
measured across late Quaternary fault scarps; that is, the maximum displacement is near the apex of the convex- 
shaped fault zone, where the West Mercur fault is located, and then tapers off towards both ends of the fault zone. 
Fault traces that range from a few meters to tens of kilometers long are characterized by two dominant 
orientations (strike Nll°W and N43°W): the two orientations are separated from each other by a statistically 
constant angle of 33 ° + 3 °. Slip directions concentrate on a trend of S70°W for both groups of faults, 
perpendicular to the average strike of the fault zone. These data indicate that the geometry of the fault surfaces is 
non-cylindrical and may be composed of self-similar structural ridges and troughs of variable wavelength and 
amplitude that are elongated parallel to slip direction. 

The relationships between fault geometry, displacement and geomorphology in the South Oquirrh Mountains 
fault zone suggests a growth model of normal faults in which apex points on the convex-shaped fault sections 
mark the nucleation points of primary faults. Secondary faults developed at the ends of the primary fault step into 
the footwall block as the fault zone grows laterally. Intersecting regions between two laterally growing fault zones 
are concave-shaped in map view. 

INTRODUCTION 

ASSESSMENT of fault-associated mineral deposits and of 
seismic hazards relies partly on a basic understanding of 
fault behavior. Structural studies of fault-controlled 
mineral deposits and earthquake ruptures suggest that 
the mechanical and fluid transport properties of faulting 
are affected by complexities in fault geometry, such as 
changes in strike, fault bifurcations and stepovers. Some 
studies indicate that the geometrical complexity of fault 
traces observed at the surface may persist downward 
through the middle crust (Gilluly 1932, Eaton eta l .  1970, 
Bakun et al. 1980, Reasenberg & Ellsworth 1982, Guil- 
bert & Park 1986, Okubo & Aki 1987). Studies of active 
normal faults in the Basin and Range Province and 
Rocky Mountains of the western United States indicate 
that rupture characteristics are partly related to fault 
geometry (Slemmons 1957, Wallace 1984, Bruhn et al. 
1987, Crone & Hailer 1991, Machette et al. 1991). In 
particular, spatial correlations are noted between points 
of rupture nucleation and termination, direction of 
rupture propagation, and the geometry of fault traces 
(Sibson 1985, 1987, Bruhn et al. 1987). However, 
methods for inferring the subsurface structure of faults 
and the manner in which fault zones grow based on 
interpretation of surficial geological data have received 
less attention. Here we discuss the use of surficial 

geologic data to infer the geometry, rupture properties, 
and evolution of a fault zone in Utah. 

A 25 km long active normal fault zone is located along 
the western flank of the southern Oquirrh Mountains in 
north-central Utah. This fault zone was partly explored 
by extensive mining in the early part of the century, and 
young fault scarps along the mountain front are well 
preserved, making this an excellent location to study the 
relationship between fault geometry and kinematics. 
We first document the geometric and displacement 
characteristics of the fault zone, and then discuss the 
evolution of the fault zone based on inferences made 
from analysis of fault geometry. 

GEOLOGIC SETTING 

The Oquirrh Mountains are located in north-central 
Utah, 35 km west of the Wasatch fault zone which forms 
the physiographic boundary between the Basin and 
Range Province and the Rocky Mountains. The Oquirrh 
Mountains are about 50 km long and are part of a belt of 
N-trending mountain ranges separated by intervening 
lowlands (Fig. 1). The Oquirrh Mountains are underlain 
mostly by Paleozoic limestone, dolomite, and inter- 
bedded sandstone and shale that are locally intruded by 
Tertiary igneous rocks and overlain by patches of Ter- 
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Fig. 1. Location map of study area. Box indicates the southern 
Oquirrh Mountains  area. Bold solid lines indicate active normal faults. 

tiary volcanic rocks. The Paleozoic rocks are folded into 
NNW-trending anticlines and synclines of Mesozoic age 
(Gilluly 1928, 1929, 1932). 

NNW-striking normal faults bound the western flank 
of the Oquirrh Mountains and control development of 
the valleys and underlying basins on the west side of the 
mountains (Fig. 1). Tooele Valley is located adjacent to 
the western flank of the northern Oquirrh Mountains, 
and is underlain by a sedimentary basin. The basement 
of the basin is as deep as 4-5 km and continues north of 
the range beneath Great Salt Lake (Zoback 1983, Cook 
et al. 1989). South Mountain is an E-trending ridge of 
Paleozoic bedrock that forms the boundary between 
Tooele Valley and Rush Valley, a topographic de- 
pression separating the Oquirrh and East Tintic Moun- 
tains from the Stansbury, Onaqui and West Tintic 
Mountains. This study focuses on the zone of normal 
faults located along the eastern side of Rush Valley, 
which we refer to as the South Oquirrh Mountains fault 
zone (SOMFZ). This fault zone cuts the western limb of 
the Ophir anticline, the dominant structure in the south- 
western Oquirrh Range (Gilluly 1932). 

There is no direct evidence for when the South 
Oquirrh Mountains fault zone first formed, but normal 
faulting probably started no early than 12 million years, 
the age of Salt Lake Group basalt which was the young- 
est rock offset by normal faults in adjacent areas (J. 
Helm personal communication 1993). The major phase 
of normal faulting is believed to have begun between the 
Miocene and Pliocene when E-W extension was domi- 
nant in the eastern Basin and Range region (Rigby 1958, 
Gilluly 1967, Wright 1977, Zoback 1983). 

GENERAL CHARACTERISTICS OF THE SOUTH 
OQUIRRH MOUNTAINS FAULT ZONE 

NNW-striking normal faults are exposed for about 25 
km along the western flank of the southern Oquirrh 
Mountains (Fig. 2a). This fault belt is convex toward the 

west in map view and comprises four individual faults: 
the Soldier Canyon fault (SCF), Lakes of Killarney fault 
(LKF), West Mercur fault (WMF) and West Eagle Hill 
fault (WEHF). The faults partly overlap one another 
and are arranged in an 6chelon pattern (Fig. 2a). The 
Soldier Canyon and Lakes of Killarney faults are 
arranged in a right-stepping pattern with respect to the 
West Mercur fault, but farther south the West Eagle Hill 
fault is arranged in a left-stepping pattern relative to the 
West Mercur fault. The faults are longer in the central 
part of the fault zone and shorter at the ends. 

The Soldier Canyon fault is 5 km long, strikes N15 °- 
30°W and dips 65°W based on the measurement of fault 
surfaces exposed in bedrock on the lower slope of the 
southern Oquirrh Mountains. The Soldier Canyon fault 
offsets the upper Mississippian Great Blue Limestone by 
800-1000 m south of Soldier Canyon. Fault scarps devel- 
oped in bedrock during the last one or two earthquakes 
are 0.5-1.5 m high. The age of these scarps is uncertain, 
but they are probably late Quaternary because the 
exposed fault surfaces in the limestone contain stria- 
tions, unconsolidated breccia and polished furrows 
which are susceptible to weathering. 

The Lakes of Killarney fault is 7 km long, strikes 
N20°-35°W and dips 65°W near the surface. The fault 
zone is located about 2 km west of the Soldier Canyon 
fault, in a right-stepping pattern (Fig. 2a). Along the 
Lakes of Killarney fault, Quaternary alluvium is faulted 
directly against bedrock in the most northern section of 
the fault, but in the southern section the fault extends 
into bedrock on the flanks of the mountain range 
(LKF(N) and LKF(S) in Fig. 2a). Evidence for Late 
Quaternary displacement is confined to the northern 
section of the fault where a few scarps are located in 
bedrock, 10-20 m above the contact between Paleozoic 
limestone and Quaternary alluvium. These fault scarps 
are 2.5-3.2 m high in limestone, and the morphology of 
the scarps indicates they were formed during at least two 
paleo-earthquakes. At several localities the lower part 
of the scarp is partly polished and contains slicken lines, 
grooves and breccia. The upper part is eroded in a band 
about 0.5-0.8 m high, and the limestone surface is rough 
and solution pitted (Fig. 3). We interpret this mor- 
phology to indicate that the upper, weathered band was 
uplifted during an earthquake, subsequently weathered, 
and then uplifted again during a younger earthquake. 
The youngest event formed the less weathered fault 
surface on the lower part of the scarp. 

The Lakes of Killarney fault splits into two branches 
about 2.0 km north of Dry Canyon (Fig. 2a). The 
western branch (LKF(W)) is located along the mountain 
front and has controlled deposition of Quaternary allu- 
vium north of Ophir Canyon. The partly eroded bedrock 
fault scarp in this branch is 10-15 m high and locally cuts 
through late Quaternary alluvial fans, where the scarps 
are only 2.0-3.0 m high (Table 1). The trace of the 
eastern branch of the fault trends N35°W and cuts into 
the bedrock before terminating in the southern wall of 
Ophir Canyon (Fig. 2a). Paleozoic rocks are offset 
vertically at least 1300-1500 m by the eastern branch of 
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Fig. 2. Characteristics o f  the South Oqu i r rh  Mounta ins faul t  zone. (a) A surficial geologic map o f  the South Oqu i r rh  
Mountains area. SCF = Soldier Canyon fault; LKF = Lakes of Killarney fault; (N)---northern section; (S)--southern 
section; (W)--western section; (B)--branch; WMF = West Mercur fault; WEHF = West Eagle Hill fault. Dotted line 
shows the Bonneville shoreline. Bold solid lines are the most recent fault scarps with bars in the hanging wall. Thin lines are 
abandoned fault traces. Qfl = alluvial-fan unit 1 (pre-Bonneville Lake cycle). Pebble and cobble gravel in a matrix of sand, 
silt, and minor clay; moderately sorted. Qf2 = alluvial-fan unit 2 (early Bonneville Lake cycle). Pebble and cobble gravel in 
a matrix of sand, silt, and minor clay; moderately sorted. Qf3 = alluvial-fan unit 3 (late Bonneville Lake cycle). Pebble and 
cobble gravel, locally bouldery, in a matrix of sand, silt, and minor clay; poorly-moderately sorted. Deposited by perennial 
and intermittent streams, and debris flows. Qa, = undivided Quaternary alluvial deposits. Q] = lacustrine deposits of Lake 
Bonneville. (b) Tectonic throw profile of the youngest fault scarps (younger than Qf2). Circles are data from profiling across 
the youngest scarps in late Quaternary alluvium. Crosses are data measured on undetermined age scarps in both Quaternary 
alluvium and bedrock. Triangles are data measured on the youngest scarps in limestone bedrock with evidence of two 
events. (c) N-S elevation profile of the South Oquirrh Mountains range crest. Note that the elevation of the range crest 
continues to decrease northward by at least 4 km, outside the northern boundary of the frame. (d) Complete Bouguer 
gravity profile in the Rush Valley. Open circles are data points from complete Bouguer gravity map (1: 500,000) of Cook et 
al. (1989). G--G' is location of the profile (see Fig. 2a). (e) Fault scarp elevation profile. The cross-section in right-upper 
corner indicates the location of where scarp elevation is measured. 0 is the along-strike rotation angle of secondary faults. 
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the fault according to Gilluly (1932), but Quaternary 
river terraces and alluvial fans at the mouths of Dry 
Canyon and Ophir Canyon are not faulted, implying 
that this fault branch has not been active in late Quatern- 
ary time. 

The West Mercur fault is 8-9 km long and located 
about 2.5 km west of the Lakes of Killarney fault, in a 
right-stepping pattern (Fig. 2a). Between Ophir and 
Mercur canyons the fault strikes N30°-35 ° W and dips 
55°-60°W. Quaternary alluvium in the hanging wall is 
faulted against Great Blue Limestone in the footwall. 
This contact forms a 20-25 m high fault scarp. The fault 

contact has been exhumed in the Daisy Gold Mine at 
several locations north of Mercur Canyon (Gilluly 
1932). The West Mercur fault splits into two major fault 
branches near the mouth of Mercur Canyon (Fig. 2a). 
Quaternary fault scarps are located on both fault 
branches and extend at least 2 km south of the canyon, 
cutting through broad, gently-sloping alluvial fans. 

The West Eagle Hill fault is located along the moun- 
tain front south of Mercur Canyon, where it extends for 
8 km from Eagle Hill southward across Sunshine 
Canyon (Fig. 2a). This fault has not been previously 
mapped. The fault consists of two left-stepping sections. 
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Fig. 3. Cartoon of a fault scarp in the northern section of the Lakes of 
Killarney fault. The fault scarp showing evidence of two rupture events 
and located 3 km north of Dry Canyon. Mbg = Great Blue limestone 

unit. 

The northern section (WEHF(N))  is 4-5 km long and 
located 1 km to the east of the West Mercur fault, in a 
left-stepping sense. Late Quaternary alluvial deposits 
are cut by a fault scarp in the northern part of this fault 
section (Fig. 4), but the scarp is covered by younger 
alluvial fans farther south. The southern section 
(WEHF(S))  is 2-3 km long and located at the southern 
tip of the mountain range to the south of Sunshine 
Canyon, where Quaternary fans are cut by discontinu- 
ous scarps arranged in a left-stepping pattern. 

HISTORY OF FAULTING IN LATE 
QUATERNARY TIME AND RUPTURE 

CHARACTERISTICS 

History of Quaternary faulting 

The surficial geology of Rush Valley is dominated by 
sediments deposited during the Bonneville Lake cycle 
between 28 and 12 ka (Gilbert 1890, Currey & Oviatt 
1985, Currey 1990). Rush Valley was one of the Bonne- 
ville lake basins and has been an area of closed drainage 
since the beginning of normal faulting. Several lakes 
may have existed in the basin during the last 15 Ma 
(Hintze 1973, Hunt 1982). There are few surficial de- 
posits older than the Bonneville Lake cycle, with the 
exception of early Quaternary alluvial deposits located 
on the foothills at elevations greater than 1580 m, the 
level of the highstand of Lake Bonneville. 

The Bonneville shoreline, which marks the high stand 
of the lake and was formed about 15 ka, is preserved in 
Rush Valley at an elevation of 1580-1590 m. The height 
of the shoreline scarp cut in pre-existing surficial de- 
posits varies from 10 to 15 m west of Soldier Canyon to a 
few meters west of Mercur Canyon. Alluvial fans 
located at different elevations along the mountain front 

developed during at least three significant pluvial events 
that changed the level of Lake Bonneville. Relative ages 
of the alluvial deposits may be differentiated based upon 
the degree of fan erosion, terrace incision and superposi- 
tion of adjacent geomorphic surfaces. The oldest alluvial 
fans (Qfl) are located along the foothills at elevations of 
1960-1970 m (Fig. 2a). Sediments in these fans are semi- 
consolidated, consisting of pebble and cobble clasts in a 
matrix of sand, silt and minor clay, and are apparently 
older than the Lake Bonneville cycle based upon geo- 
morphic and stratigraphic relations to the Bonneville 
shoreline. Some of these Ofl deposits may be as old as 
100--160 ka (?) if they correlate with similar surficial 
sedimentary deposits along the Wastach front as similar 
elevation (Scott et al. 1983. Machette 1984). Younger 
fans (Of2) are located in stream channels that are inset 
20-50 m into the older fans, and spread out on the lower 
slopes of the mountains. These fans are the most wide- 
spread deposits in the area and may have formed during 
the early Bonneville lacustrine cycle. Stream terraces 
that are graded to each of the two older alluvial fan 
systems (Qft and Qt~) are cut by the Bonneville shore- 
line which formed about 15 ka (Currey 1990). The 
youngest alluvial fans (Qf3) developed since 15 ka, 
because they partly bury Bonneville shoreline deposits 
and are located at the mouths of ephemeral stream 
channels (Fig. 2a). 

Fault scarps in the South Oquirrh Mountains tault 
zone cut Qfl and Qf2 alluvial deposits (Fig. 2a), but not 
Qf3 deposits. Thus, the youngest surface faulting 
ocurred after deposition of the Qf2 fans and prior to the 
lormation of the high stand of Lake Bonneville at about 
15 ka. The fault scarp on the western branch of the West 
Mercur fault terminates at the Bonneville shoreline 
south of Mercur Canyon, where the fault scarp is partly 
eroded and buried as the result of wave action in Lake 
Bonneville (Everitt & Kaliser 1980). Between Dry and 
Ophir Canyons the fault scarps are 12-15 m high in Qf~ 
deposits, but only 4-5 m high in Qf2 deposits, indicating 
recurrent faulting. 

The age of faulting inferred from the history of depo- 
sition and erosion along the western flank of the moun- 
tain range is also consistent with ages inferred from the 
morphology of fault scarps using the profiling method of 
Bucknam & Anderson (1979). Studies of fault scarps in 
the Great  Basin suggest that the age of faulting may be 
inferred from an empirical relationship between maxi- 
mum slope angle and scarp height (Bucknam & Ander- 
son 1979. Pierce & Coleman 1986). The age of the scarp 
is estimated by plotting maximum slope angle against 
scarp height for measurements from several scarp pro- 
files. The slope of the best-fit regression line is then used 
to infer age based on correlation with scarps of known 
age elsewhere within the Great  Basin. The plotted lines 
of best fit for different-age fault scarps are parallel, but 
regression lines from younger scarps have a greater 
intercept than older ones (Machette 1989). 

Profiles of late Quaternary scarps were measured in 
younger alluvial fan deposits (Qr2 along the western 
branch of the West Mercur fault (WMF(B)),  the north- 
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Table 1. Morphologic characteristics of late Quaternary fault scarps in alluvium 
along the South Oquirrh Mountains normal fault zone 

Scarp Net tectonic 
Profile height throw am* arn--af aft 
station (m) (m) (o) (o) (o) 

North section of West Eagle Hill fault 
P10 3.6 -+ 0.8 1.6 +_ 0.5 13.0 + 2.0 6.5 + 1.5 7.2 + 1.5 
P9 1.3 + 0.5 0.8 + 0.3 6.6 + 1.5 4.0 + 0.4 3.5 + 1.0 
P8 12.2 + 2.0 5.1 + 1.0 24.7 + 3.0 15.5 ___ 2.0 9.2 + 1.5 
P7 9.3 + 1.5 4.1 +_ 1.0 21.0 + 3.0 11.5 + 2.0 9.5 + 1.5 
P6 5.4 + 1.0 2.5 + 0.5 15.0 + 2.0 8.2 + 1.5 6.8 ___ 1.0 
P5 9.1 + 1.5 4.1 + 1.0 20.0 ___ 3.0 12.5 _ 2.0 7.5 ___ 1.3 
P4 3.4 + 0.8 1.9 + 0.5 12.5 + 2.0 6.5 _+ 1.5 6.0 + 1.0 
P3 3.3 + 0.8 1.5 + 0.5 12.5 + 2.0 7.0 ___ 1.5 5.5 + 1.0 
P2 3.9 + 0.8 1.7 + 0.5 13.5 + 2.0 6.0 + 1.5 7.5 + 1.5 
P1 1.7 + 0.5 0.9 + 0.3 7.0 + 1.5 4.0 + 0.4 3.5 + 1.0 

North section of Lakes of Killarney fault 
P1 3.2 + 0.8 2.1 + 0.5 13.0 + 2.0 9.0 + 2.0 6.0 _ 1.0 
P2 6.5 _+ 1.0 3.6 _+ 0.8 19.0 + 3.0 12.0 + 2.0 6.5 + 1.0 

Western branch of West Mercur fault 
PI 3.6 _____ 0.8 2.5 + 0.5 12.3 + 2.0 8.8 + 2.0 3.5 + 1.0 
P2 3.4 + 0.5 2.2 + 0.5 11.0 + 2.0 9.5 + 12.0 2.5 + 1.0 
P3 4.2 + 0.8 3.1 _____ 0.7 15.8 + 2.5 12.0 _____ 2.5 4.0 + 1.0 
P4 4.2 + 0.8 3.1 + 0.7 14.9 + 2.5 11.0 + 2.0 4.0 + 1.0 
P5-1 5.6 + 1.5 4.6 + 1.0 18.3 + 3.0 15.0 + 2.5 4.0 + 1.0 
P5-2 2.7 + 0.5 1.8 + 0.3 9.0 + 1.5 7.0 _____ 1.5 2.0 + 1.0 
P6 3.1 + 0.7 2.1 + 0.5 13.0 + 2.5 9.0 + 2.0 4.0 + 1.0 
P7 2.6 + 0.5 0.9 + 0.3 10.0 + 2.0 3.5 --- 1.0 6.0 + 1.5 
P8 7.3 + 1.5 5.2 + 1.0 20.2 ___ 3.0 15.0 + 2.5 5.0 + 1.5 
P9 5.9 + 1.0 4.3 + 0.8 18.1 + 3.0 13.0 + 2.5 5.0 + 1.5 
P10 5.4 + 1.0 4.5 +_ 0.8 17.5 + 2.5 15.0 + 2.0 3.0 _+ 1.0 
P l l  5.6 + 1.0 4.4 + 0.8 17.8 + 2.5 14.0 + 2.0 3.0 +__ 1.0 
P12 5.9 + 1.0 4.7 + 0.8 18.0 + 2.5 14.5 + 2.0 3.5 + 1.0 

*am = maximum scarp slope angle. 
ta f  = angle of far slope. 

ern section of the West Eagle Hill fault (WEHF(N)), 
and in the western branch of the Lakes of Killarney fault 
(LKF(W)) (Table 1; Figs. 2a, 4 and 5). Regression lines 
relating scarp height to the maximum slope angle indi- 
cate that the scarps may be only slightly older than 15 ka, 
the age of the Bonneville shoreline (Fig. 6). Barnhard & 

Dodge (1988) reached a similar conclusion based on 11 
profiles along the western branch of the West Mercur 
fault. Our data indicate that the Quaternary scarps along 
the Lakes of Killarney, West Eagle Hill and West 
Mercur faults are similar in age because the data points 
from the three faults are located roughly along the same 
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See Fig. 2(a) for locations. 

regression line (Fig. 6). However, the temporal resol- 
ution of the dating method when multiple-event scarps 
are used in the analysis, would not allow age differences 
of a few thousand years to be distinguished. 

Rupture characteristics 

Information on tectonic displacement was collected 
along the four individual faults of the SOMFZ by profil- 
ing fault scarps produced during the last one or two 
earthquakes. We focused on three types of fault scarps 
that are developed along the mountain front: bedrock 
scarps, alluvial-fan scarps and alluvium-bedrock scarps 
(Fig. 2b). The alluvial-fan scarps are developed in Qf2 
fan deposits; most are located south of Mercur Canyon, 
but a few are north of Ophir Canyon (Fig. 2a). The 

alluvium-bedrock scarps are mostly located between 
Mercur and Ophir canyons where the bedrock is faulted 
against Quaternary alluvial fan deposits. Bedrock scarps 
are located north of the Dry Canyon where the scarps lie 
10-20 m above the contact between bedrock and allu- 
vium. 

The tectonic throw o1 the youngest fault scarps varies 
along strike, attaining greatest values in the central part 
the fault zone between Ophir and Mercur canyons, and 
decreasing in magnitude toward each end of the fault 
zone (Fig. 2b). The region of low surface offset in the 
center of the fault zone may be due to fault branching to 
accommodate the displacement along the overlapping 
faults, rather than a true, local minimum in displace- 
ment. Most of the scarps were developed during two or 
more paleo-earthquakes, based on known scaling re- 
lationships between fault length and displacement, and 
the morphology of the scarps. The total length of the 
normal fault zone is about 25 km. The maximum tec- 
tonic displacement at the surface during an earthquake 
of magnitude 7 for a fault zone of this length is estimated 
to be approximately 3 m in the Basin and Range Pro- 
vince based on statistical relationships between fault 
length and the maximum surface offset of historic earth- 
quakes compiled by Slemmons (1977), Bonilla et al. 
(1984) and Mason (1992). Scarps in Quaternary alluvial 
fans in the western branch of the Lakes of Killarney fault 
are 11-15 m high, and presumably developed during at 
least three, and probably four or more, earthquakes. 
Tectonic displacement across scarps in younger alluvial 
deposits (Qf2) at the mouth of Mercur Canyon in the 
West Mercur fault is 4-5 m, and probably developed 
during at least two earthquakes. The maximum displace- 
ment of 4-5 m measured across scarps in the West Eagle 
Hill fault sections is also consistent with development 
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during at least two earthquakes. Differential weathering 
on the limestone fault scarps at the northern section of 
the Lakes of Killarney fault indicates two surface fault- 
ing events, the younger with a displacement of 1.2-1.5 m 
and the older with a minimum displacement of 0.5-0.8 m 
(Fig. 3). 

Spatial correlation between fault geometry and 
displacements 

There is a general correlation between fault geometry 
(Fig. 2a), along-strike variation in surface offsets 
measured across late Quaternary scarps (Fig. 2b), elev- 
ation changes along the Oquirrh Mountains range crest 
(Fig. 2c) and accumulation of late Tertiary and Quatern- 
ary sedimentary rocks beneath Rush Valley as inferred 
from complete Bouguer gravity data (Fig. 2d). The 
maximum surface offset, measured from four main indi- 
vidual faults, is 2 km south of the Mercur Canyon, but 
when adding surface offsets of the branching faults to the 
fault zone the maximum offset appears to be located at 
the southern part of the West Mercur fault, close to the 
apex of the convex-shaped fault zone. The range crest 
elevation and complete Bouguer gravity anomaly pro- 
files have a similar characteristics to the scarp displace- 
ment profile, in that the maximum range crest elevation 
and minimum Bouguer gravity anomaly occur opposite 
the central part of the fault zone, where late Quaternary 
surface offset is greatest. All three profiles taper off 
towards both ends of the fault zone. These correlations 
suggest that the total displacement across the fault zone 
varies laterally in a similar manner to that measured 
across late Quaternary scarps. This type of correlation 
has also been documented in some historic earthquake 
and late Quaternary scarps in the Basin & Range pro- 
vince, such as the 1983 Borah Peak earthquake rupture 
in Idaho (Crone et al. 1987) and the Wasatch fault zone 
in Utah (Nelson & Personius 1990). In other words, the 
net displacement accumulated over periods of millions 
of years is greatest in the central part of the fault zone 
and tapers off towards the ends, which may imply that 
the characteristics or displacement pattern of the rup- 
ture process has persisted over several millions of years. 

Elevations of fault scarps vary systematically along 
the strike of the South Oquirrh Mountains fault zone 
(Fig. 2e). Such elevation differences may provide infor- 
mation on characteristics of tectonic displacement over a 
time scale of several million years (Wu 1993). Scarp 
elevations increase from north to south along the Soldier 
Canyon and Lakes of Killarney faults. However, scarp 
elevations gently decrease towards the south to obtain 
the lowest elevations in the West Mercur fault, then 
increase to a high point at the northern end of the West 
Eagle Hill fault and systematically decrease southward 
(Fig. 2e). Noticeably, the lowest elevation scarps 
broadly coincide with the maximum displacements 
measured across late Quaternary scarps (Fig. 2b), the 
maximum elevation of the range crest (Fig. 2c) and the 
deepest part of the sedimentary basin beneath Rush 
Valley as inferred from the complete Bouguer gravity 

data (Fig. 2d). These correlations suggest that the indi- 
vidual faults formed at both north and south of the West 
Mercur fault have been rotated northward and south- 
ward, respectively, with respect to horizontal axis per- 
pendicular to the fault strike and located at central part 
of WMF. The rotation was caused by the uplift of the 
footwall of WMF which has larger cumulative displace- 
ment than the adjacent faults. Footwall displacements of 
the West Mercur fault would uplift both the hanging wall 
and footwall of the adjacent individual faults (LKF in the 
north and WEHK in the south) because they are partly 
located in the footwall block of WMF. The rotation of 
these adjacent faults is also affected by along-strike 
variability in the footwall deformation of the West 
Mercur fault, which is larger at the center of the fault and 
smaller at its ends. 

Decreasing length of individual faults (SCF, LKF, 
WMF, WEHF(N) and WEHF(S)) towards both the 
south and north ends of fault zone may also imply that 
the largest displacement is located at the central part of 
the fault zone because the length of faults is proportional 
to the maximum cumulative displacement according to 
Watterson (1986) and Walsh and Watterson (1988, 
1989). For example, the West Mercur fault is 10 km long 
in the central part of the fault zone, the Lakes of 
Killarney fault is 8 km long to the north, and the Soldier 
Canyon fault is only 5 km long to the further north; the 
same situation applies to the south part of the fault zone 
(Fig. 2a). 

GEOMETRIC AND KINEMATIC 
CHARACTERISTICS 

Fault planes near the surface have been exhumed by 
mining, faulting and erosion at several places along the 
South Oquirrh Mountains fault zone. Orientations of 
fault surfaces and striations were measured at 14 loca- 
tions on the Soldier Canyon, Lakes of Killarney, West 
Mercur and West Eagle Hill faults (Fig. 7). We made 
between two and 15 measurements of fault plane orien- 
tations and striation directions at each location. Fault 
surfaces group about two dominant orientations: one 
group strikes N10°W + 10 ° and dips 65 ° + 10°W, and the 
other strikes N43°W + 10 °, dipping 68 ° _+ 10°W (Fig. 8). 
Orientations of striae on the fault surfaces vary signifi- 
cantly from place to place, but slip directions concen- 
trate about an average trend of S70°W (Fig. 8b). Some 
fault surface exposures contained two or even three sets 
of differently oriented striations separated by 15-20 ° in 
rake, but careful inspection of the striae for evidence of 
relative time of formation produced no consistent re- 
sults. The following geometrical properties of the fault 
surfaces and striae are evident (Fig. 8b): (1) poles to 
fault surfaces form two maxima separated by approxi- 
mately 33 ° + 3°; and (2) the striae plunge to the west- 
southwest, close to the line defined by the intersection of 
the two fault planes associated with the fault pole max- 
ima in the diagram. 

The angle of 33 ° between the two fault pole maxima 
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Fig. 7. Location map of fault exposures and stereonet plots of fault plane orientations (great circles) and striations 
(arrows). Plots are lower-hemisphere projection. 

(Figs. 8b and 9a) is determined for 'meter-scale' surfaces 
on rock outcrops, but in fact, the angular separation 
between dominant fault strikes appears to be relatively 
constant regardless of the scale of measurement (Table 
2). That is, subsurface map data at a scale of 5-100 m 
from exposures of the West Mercur fault in the Daisy 
Mine (Fig. 9b) and mapped fault traces of 1.5-10 km 
(Fig. 9c) both form two maxima in rose diagrams, 
separated by approximately 32-35 ° in trend. 

The information on variability in fault strike at differ- 
ent scales, together with inspection of surface exposures 
and the map of fault exposures in the Daisy Mine all 
indicate that fault surfaces are corrugated, and that 
these corrugations are non-cylindrical (Fig. 10). For 
example, miners produced gold ore directly out of the 
West Mercur fault in the Daisy Mine, so that the mine 
map provides direct evidence for the geometry of the 
fault surface in both horizontal and vertical section (Fig. 
10). The following geometrical features are beautifully 
displayed on the mine map: (1) ridges and furrows in the 
corrugated fault surface change amplitude and some of 
them apparently disappear over vertical distances of a 
few tens of meters; (2) the average slip direction on the 

West Mercur fault is subparallel to the long axes of the 
corrugations; and (3) the intersection of the fault with 
the earth's surface should generate a sinusoidal fault 
trace that is convex towards the hanging wall at positions 
of structural ridges, and concave towards the hanging 
wall at positions of structural troughs. The general 
sinusoidal or convex- and concave-shaped fault traces 
within the South Oquirrh Mountains fault zone, 
together with our other orientation data, indicate that 
corrugated fault geometry like that found in the Daisy 
Mine is present as scales from less than 1 m to tens of 
kilometers (Fig. 11). 

DISCUSSION 

Our study of the South Oquirrh Mountains fault zone 
motivates us to propose a model for the growth and 
development of the fault zone that is consistent with the 
observed fault geometry and displacement field. We 
then speculate further on the structural relationships of 
the three major fault zones along the western flanks of 
the Oquirrh and East Tintic mountains. 
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Fig. 8. Equal-area stereographic projection showing geometric and 
kinematic characteristics of the South Oquirrh Mountains normal 
faults. (a) Total fault plane and slip vector orientations from 14 
locations shown in Fig. 7. (b) Pole contours showing concentrations of 
poles of fault planes and slip vector orientations. P1 and P2 are poles of 
two dominant orientations (F1 and F2) of measured fault planes. MSV 
= mean orientation of slip vectors. 2@ = geometric angle between two 

groups of fault surfaces. 

Self-similar properties of  fault surfaces 

Fault surface topography may be modeled as a frac- 
tional Brownian profile in which the variance in topogra- 
phy (Av 2) scales with along-strike distance or spatial 
wavelength (Ax) by the following rule (Mandelbrot  
1983, Barnsley et al. 1988, Power & Tullis 1991): 

AV 2 = kA.r TM, (1) 

where k is a constant,  and H is the Hurst  exponent  which 
is related to fractal dimension (D) by the equation H = 
2 - D for a two-dimensional profile. The square root of 
equation (1) provides a formula for the average change 
in angle of a surface between two points separated by 
distance (Ax). 

tan(@/2) = Av/Ax = k °'5 ~kX (H-l). (2) 

If D = 1.0, H = 1.0 and tan(q~/2) = k °'5 or ~0.29,  given 
the angular measurements  of fault orientation in the 
South Oquirrh Mountains fault zone in which the angu- 
lar dispersion between fault surfaces measured at scales 
from 1 m to several kilometers is nearly constant (q~ = 
32 ° + 5°). We have also studied other normal faults in 
the Basin and Range province and revealed that there is 
a linear relation between the wavelength and amplitude 
or ridges or furrows on the corrugated fault surface (Wu 

Fig. 9. Rose diagrams showing two dominant orientations and domi- 
nant slip direction on fault surfaces of different scales. (a) Measured on 
outcrops (see Fig. 8). (b) Measured on meter-scale fault map of Daisy 
mine (see Fig. 10). (c) Measured on km-scale fault map (see Figs. 2a 

and 11). (d) Mean slip direction. N = number of data collected. 

1993). These imply self-similar scaling of fault surface 
topography measured crudely in an along-strike direc- 
tion, different from the situation for self-affine scaling of 
fault surface topography in which H - 1  is not zero (i.e. 
D ~ 1.0). If D = 1.2, so that H = 0.8, then tan(q~/2) is 
not a constant, but depends on Ax (-°2),  a non-linear 
function of profile length. In this cse, the angle (@) 
decreases as a function of increasing distance (Ax), 
which is not consistent with our observations. We con- 
clude that within the resolution of our measurements  the 
angular measurements  of fault strike at various lengths 
indicate a self-similar fault surface topography or profile 
geometry.  

Development o f  the South Oquirrh Mountains fault zone 

A model for the evolution of the South Oquirrh 
Mountains fault zone must incorporate the following 
features. (1) The trace of the fault zone is convex 
towards the hanging wall in map view, with the apex 
located near  the center of the fault zone at the point of 
greatest  displacement. (2) There  is a systematic change 
in the sense of step-over between faults comprising the 
fault zone. Faults located in the northern half of the zone 
are arranged in a right-stepping en 6chelon pattern,  but 
are left-stepping in the southern part  of  the fault zone. 
(3) There  is a systematic change in the elevation of fault 
scarps. Fault scarp elevations are lowest at the center of 
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Table 2. Fault geometry and kinematic characteristics of the South Oquirrh Mountains fault zone 

Scales of Geometric  MSV¢ Number 
faults Dominant  orientations SDV* angle trend of data Locations 

(1-2 m F1,N43°W; F2,N10°W _+07 ° 2¢~=33°_+5 ° $70°_ + 10°W N = 109 14 sites (Fig.7) 
5-100 m D1,N55°W; D2,N20°W +10 ° 2¢~=35°+_8 ° $68°_ + 10°W N = 83 Daisy mine (Fig.10) 
1.5-25 km M1,N43°W; M2,N10°W +09 ° 2~=32°_+5 ° No data N = 25 Fault system (F ig . l l )  

* SDV =standard  deviation; -tMSV = mean slip direction. See Fig. 9 for details. 
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Fig. 10. Contour map showing the fault surface topography of West Mercur fault at Daisy mine (see Fig. 11 for map 
location). Contours indicate the depth of the fault surface in feet. Arrows indicate slip orientations inferred from ridge and 

furrow structures in the fault surface. Base map was provided by Barrick Gold mine. 

the fault zone, rise towards the intersection between 
individual faults, and then decrease systematically 
towards the end of each fault. (4) The ends of the Lakes 
of Killarney, Soldier Canyon and West Eagle Hill faults 
are apparently inactive in those areas where they over- 
lap with one another or with the West Mercur fault. (5) 
The lengths of individual faults decreases away from the 
central part of the fault zone. These properties appear to 
be common to other normal fault zones (Wu 1993), 

N10°W 

F1 
2s km =i 

> - - . . ~ . .  WEHF ~ . ; ~  -i~ 
~ ~  3 5 kin 

*=~N45°W Daisy mine 

F2 

Depocenter in Rush Valley 

1•Extension direction 
(STOOW) 

Fig. l l. Geometric pattern of the South Oquirrh Mountains fault 
zone showing self-similar characteristics of fault geometry of different 
orders. F1 and F2 indicate two main fault orientations, which are 
dominant in the fault zone as a whole and also in each individual fault 
(SCF, LKF, WMF and WEHF).  Boxed area is the location of the 

Daisy mine. 

suggesting that a model for the evolution of the South 
Oquirrh Mountains fault zone may apply elsewhere. 

The model we propose here is related to asymmetry 
of displacements in the hanging wall and footwall. In 
this qualitative model, the fault zone initiates at a point 
and then grows bilaterally. Strains, and therefore the 
orientations of new faults, is strongly influenced by 
differential displacements between the hanging wall and 
footwall. The displacement fields in the hanging wall and 
footwall of a normal fault are neither symmetrical nor 
equal in magnitude to one another (Savage & Hastie 
1966, Masiha & Smylie 1971, Gibson et al. 11989). 
Growth of a normal fault is accompanied by increasing 
displacement and lateral propagation of the fault tips 
along strike (Fig. 12). The local strain field is dominated 
by down-bowing of the hanging wall and a lesser amount 
of upward-bowing of the footwall (Fig. 12b). The net 
effect is to superimpose a local shear strain component, 
caused by the asymmetric displacements between the 
hanging wall and footwall and parallel to fault strike, on 
the regional and fault-perpendicular extensional strain. 
This rotates the strain field in front of the advancing 
fault. If the fault grows bilaterally, then new faults 
produced in front of the two fault tips may preferentially 
develop in an en Echelon pattern, with an opposite sense 
of offset at the two ends of the primary fault (Fig. 12b). 
That is, there will be opposite senses of lateral shearing 
at each tip, causing faults to form in a right-stepping 
pattern under the sinistral shear component at one end, 
and a left-stepping pattern under dextral shear at the 
other end. Newly-formed secondary faults therefore 
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Fig. 12. Speculative model of normal fault growth associated with 
asymmetric displacements. (a) Normal fault before displacement. 
A-B indicates the fault trace in half-space. (b) Growth of the normal 
fault after displacement, and its deformation pattern. D -A  = displace- 
ment contributed by uplift of the footwall. C-E = displacement 
contributed by subsidence of the hanging wall. D-C indicates maxi- 

mum value of extension. 

step into the footwall block, making the trace of the fault 
zone convex in map view. When two along-strike fault 
zones grow in this manner and link together, the inter- 
section point is marked by a cuspate or concave-shaped 
fault trace. Because it is the youngest fault section, the 
concave-shaped fault section has less cumulative dis- 
placement than exists in the convex-shaped fault section 
where the fault zone is nucleated (Fig. 13a). 

We also note that the ends of overlapping faults 
become abandoned in the footwall as deformation pro- 
gresses and the faults link together. The abandoned 
parts of the Lakes of Killarney and West Eagle Hill 
faults in the area where they overlap the West Mercur 
fault are an example (Figs. 2a & e). This bilateral fault 
growth model is also consistent with the observed spatial 
pattern and elevation changes of fault scarps along the 
Lakes of Killarney, Soldier Canyon and West Eagle Hill 
faults. If the West Mercur fault formed first, and then 
grew bilaterally, the footwall should be progressively 
tilted or flexed eastward, with maximum tilt in the 
central part of the fault zone and decreasing tilt toward 
the ends. Younger en dchelon faults (LKF and SCF in 
the north, and WEHF in the south) formed immediately 
to the east of the tips of the growing fault zone must then 
be partly uplifted within the footwall block of the older 
West Mercur fault, attaining greater elevation on the 
mountain sides (Fig. 2e). 

The bilateral fault growth model proposed here gener- 
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Fig. 13. Models of fault growth associated with crustal deformation. 
(a) Proposed model showing formation of fault geometry by growth 
of faults from convex initiation points to concave linkage points. 
(b) Simple fault intersection model showing fault geometry formed by 

intersections of planar fault surfaces. FS = length of fault section. 

ates a convex-shaped fault zone in map view (Fig. 13a). 
This model has important implications for interpreting 
the geometry and deformation patterns of normal faults, 
particularly in zones several tens of kilometers in length. 
The fault intersection model provides an alternative 
interpretation of sinuous or scalloped fault traces (Fig. 
13b). This model has been used to interpret normal fault 
geometry (Reches, 1983, Reches & Dieterich 1983), 
Susong et al. 1990) and predicts very different relation- 
ships between fault geometry and crustal deformation 
than the growth model proposed here. In the fault 
intersection model, the sinuous or scalloped fault trace 
reflects intersections or independently initiated and dif- 
ferently oriented fault segments. Apex points (a,b,c,d 
and e in Fig. 13b) in the sinusoidal fault trace are formed 
where the intersection line between two adjacent fault 
segments intersects the Earth's surface. If this model is 
correct, the apex points should be the sites where verti- 
cal displacement is less than the intervening fault sec- 
tions. This is because the intersection line between two 
faults always plunges at a smaller angle than the dip of 
the faults, resulting in smaller vertical displacements in 
those areas. Furthermore, the intersection areas be- 
tween fault segments are assumed to be the locations 
where two individual fault segments link together during 
lateral fault growth. Thus, they are located away from 
the nucleation points and accumulate less deformation 
because the displacement of normal faults is maximum 
at the nucleation area and decreases in the propagation 
direction (Walsh & Watterson 1988, 1989). Conse- 
quently, points of maximum subsidence in the hanging 
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Fig. 14. Three-dimensional view of the South Oquirrh Mountains 
showing geomorphological characteristics of normal faults. 

wall and maximum uplift in the footwall are predicted to 
occur on either side of the apices in the fault trace. 
whereas the minimum displacements coincide with the 
apex points (Fig. 13b). This is a fundamentally different 
relationship than predicted by the bilateral growth 
model. Moreover, the fault intersection model does not 
predict a systematic en 6chelon pattern between faults as 
the proposed growth model does (Figs. 12, 13 and 14). 

The relationship between fault geometry and defor- 
mation pattern in the South Oquirrh Mountains fault 
zone is most consistent with the proposed fault growth 
model. Based on this model, we propose the following 
steps for the evolutionary history of the South Oquirrh 
Mountains fault zone (Fig. 15). (1) The West Mercur 
fault initiated and began to grow laterally (time a). (2) 
Local strain rotation at the northern end of the West 
Mercur fault caused a right-stepping en 6chelon offset 
and formation of the younger Lakes of Killarney fault; 
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Fig. 15. Speculative growth model of the South Oquirrh Mountains 
fault zone. Shaded areas are the uplift of the footwall block. See text 

for the full name of WMF, WEHF.  LKF and SCF. 

similar growth and local stress rotation at the southern 
end of the West Mercur fault formed the West Eagle Hill 
fault (time b). (3) The Soldier Canyon fault was formed 
immediately north of the Lakes of Killarney fault as the 
Lakes of Killarney and West Mercur faults became 
linked together, and the fault zone continued to grow 
towards the north (time c). Linking of the Lakes of 
Killarney and West Mercur faults caused the southern 
section (LKF(S)) of the Lakes of Killarney fault to 
become inactive. (4) The western branch of the West 
Mercur fault was produced by a local perturbation in 
displacement of the main fault zone (time d), the origin 
of this perturbation is not known. Apparently, this 
branching fault did not make much contribution to the 
total uplift of the mountain block. 

The bilateral fault growth model predicts along-strike 
variations in mountain range topography and an inte- 
grated history of displacement that are similar to those 
proposed by Cowie & Scholz (1992), although their 
model does not consider a specific pattern of fault 
growth. However, the model requires further develop- 
ment and testing by numerical modeling and studies of 
other fault zones. The general geometry and displace- 
ment features predicted by the model are common to 
parts of other fault zones within the Basin and Range 
and Rocky Mountain region of the western United 
States, but there are also exceptions that are not pre- 
dicted by the bilateral growth model (Bruhn 1992). 

Relationship between the South Oquirrh Mountains 
,fault zone and adjacent fault zones 

In map view, fault traces appear to contain deflections 
or 'sinusoids' of variable wavelength and magnitude that 
are superimposed on one another (Fig. 11). This geom- 
etry presumably originates by growth and linking 
together of faults of variable sizes, and reflects a hier- 
archy in dimensional scaling, with larger faults formed 
by ensembles of smaller ones (King 1986, Wu 1993). 
This process may explain the consistent angular disper- 
sion and corrugation of fault surfaces observed at the 
meter scale in outcrops (Figs. 8 and 9a), the 10 m scale in 
the Daisy mine (Fig. 9b) and the 1-20 km scale in the 
map of the South Oquirrh Mountain fault zone (Figs. 9c 
and 11). The linking of fault sections of different scales, 
from millimeters to tens of kilometers, may follow the 
fault growth mechanism proposed in the previous dis- 
cussion (Figs. 12, 13 and 15). Here, we consider linking 
of the West Mercur fault to the Lakes of Killarney fault 
and the West Eagle Hill faults to be lower-order linking 
between smaller faults, whereas linking of the South 
Oquirrh Mountains fault zone to the adjacent North 
Oquirrh Mountains and East Tintic Mountains fault 
zones is considered to be higher-order linking between 
larger faults (Fig. 16). 

The normal fault system along the Oquirrh Mountains 
and East Tintic Mountains consists of three separate 
fault zones, each convex towards the hanging wall in 
map view (Fig. 16b). This observation, together with the 
arguments concermng the growth history of the South 
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Fig. 16. Comparison between fault structures of Oquirrh-East Tintic Mountains normal fault zones and the southern 
Lemhi Range normal fault zone. (a) Elevation profile along the Oquirrh-East Tintic Mountains range crest. (b) Normal 
faults along the western flank of the Oquirrh and East Tintic Mountains and complete Bouguer gravity contours in the 
adjacent basin valleys (Cook et al. 1989), showing unlinked normal fault zones. SOF = South Oquirrh Mountains fault zone. 
NOF = the North Oquirrh Mountains fault zone. ETF = the East Tintic Mountains fault zone. (c) Normal fault zone along 
the southwestern flank of the southern Lemhi Range and complete gravity contours (Bankey et al. 1985), showing the 

geometry of linked normal faults. Teeth marks are the late Quaternary fault scarps. 

Oquirrh Mountains fault zone discussed above, suggests 
that each fault zone developed independently, and grew 
towards one another  over time. This speculation is 
supported by the distribution of late Tertiary sedimen- 
tary rocks in the adjacent basins. Positions of maximum 
sedimentary thickness inferred from gravity data occur 
next to the apex of each convex-shaped fault zone, and 
the range crest elevations of the Oquirrh and East Tintic 
Mountains obtain maxima in the central part of each 
fault zone and minima adjacent to the ends of each fault 
zone (Fig. 16a). However ,  these three normal fault 
zones are not yet fully linked. They are separated by two 
structural boundaries: South Mountain in the north and 
Fivemile Pass in the south. 

South Mountain marks the structural boundary separ- 
ating the North and South Oquirrh Mountains fault 
zones and may also be a fundamental earthquake rup- 
ture boundary,  because the history of Quaternary sur- 
face faulting is different on either side of this boundary 
(Everitt  & Kaliser 1980, Barnhard 1988, Barnhard & 
Dodge 1988, Olig e t  a l .  1993). The last earthquake 
rupture in the North Oquirrh Mountain fault zone 
occurred about 7000 years B.P. based on trench data of 
Olig e t  al .  (1993). There  is no evidence for a major fault 
that cuts across this boundary,  although Gilluly (1932) 
mapped a normal fault in the bedrock within the eastern 
part of the boundary. This fault apparently dies out in 
the southern part of the boundary rather than cutting 
completely through it. 

The nature of the fault boundary near Fivemile Pass is 
more speculative because it is not exposed. Evidence of 
a boundary at this location includes low range crest 
elevation (Fig. 16a) and a buried bedrock ridge separat- 
ing the basins beneath Rush Valley and West Tintic 
Valley as inferred from the Bouguer gravity data (Fig. 
16b). No Quaternary scarps were observed near the 
Fivemile Pass area. However ,  an 8 km long late Quater-  
nary scarp is present at the northern tip of the East Tintic 
Mountains. The age of the scarp is controversial. Everitt  
& Kaliser (1980) suggested a post-Bonneville age for the 
scarp based on the cross-cutting relationship between 
the fault scarp and alluvial fans, but nine scarp profiles 
collected by Barnhard & Dodge (1988) indicate that the 
scarp may be older than the Bonneville shoreline. 

Characteristics of the fault geometry,  structures, dis- 
placement fields and landforms in the Oquirrh and East 
Tintic Mountains fault zones have been also observed in 
other  normal fault zones in the Basin and Range pro- 
vince in the western United States, implying that the 
fault growth model proposed in this study may apply 
elsewhere (Wu 1993). Figure 16(c) shows the structural 
characteristics of the southern Lemhi Range fault zone 
in Idaho. In this fault zone, the major convex-shaped 
fault sections have a wavelength of 23 + 2 km, and 
correlate with the complete Bouguer gravity lows in the 
adjacent basin valleys as well as the maximum surface 
offset measured across late Quaternary fault scarps (Wu 
1993, Bruhn e t  al .  unpublished report).  The largest 
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concave-shaped sections may be the locations where the 
different  faults l inked together  and  coincide with gravity 
saddles and bedrock salients in the hanging wall, where 
displacement  is p resumably  smaller.  Notably ,  the 
southern  Lemhi  Range  fault zone is s tructural ly similar 
to the Oqui r rh  Moun ta ins  fault system, part icularly in 
the correlat ion be tween  fault geomet ry  and deformat ion  
pat tern.  The main  difference be tween  the two fault 

systems is that the 23 km long higher-order  fault seg- 
ments  have l inked together  along the southern  Lemhi 
Range  fault zone,  but  the fault segments  in the Oquir rh  
Moun ta in  fault system are not  fully l inked together.  

CONCLUSIONS 

The South Oqui r rh  Moun ta in  normal  fault zone con- 
sists of four fault strands.  Geometr ica l ly ,  these faults 

are ar ranged in a r ight-stepping pa t te rn  in the nor th  and 
a left-stepping pa t te rn  in the south,  with the West  
Mercur  fault forming the central  part.  Thus ,  the fault 

zone is convex-shaped in map view for a distance of 25 
km. Late Qua te rna ry  fault activity is characterized by 
2.0-4.5 m high d iscont inuous  fault scarps developed in 
both late Qua t e rna ry  al luvium and  bedrock.  The fault 
scarps in bedrock conta in  evidence of two rupture  

events.  The max imum surface offset measured  across 
the scarps occurs close to the apex of the convex-shaped 
fault zone,  where the West  Mercur  fault is located. The 
last surface rup tur ing  occurred prior to the highstand of 
Lake Bonnevi l le  (15 ka). Characterist ics of cumulat ive  

d isplacement  inferred from range crest e levat ions,  
Bouguer  gravity data in the adjacent  basin,  and  ro ta t ion  
of the secondary faults adjacent  to the West  Mercur  fault 
are consis tent  with those of d isplacements  measured  
across late Qua t e rna ry  fault scarps. The max imum dis- 
p lacement  is near  the apex of the convex-shaped fault 
zone and  then tapers off towards both ends of the fault 
zone.  

Surface fault traces that  range from a few meters  to 
tens of ki lometers  long are character ized by two domi-  
nan t  or ien ta t ions  (strikes N l l ° W  and N43°W), separ- 
ated by an angle of 33 ° + 5 °. Slip direct ions concent ra te  
on a t rend  of S70°W, perpend icu la r  to the average strike 
of the fault zone.  Thus,  it appears  that  the geomet ry  of 

the fault surfaces is composed of self-similar structural  
ridges and furrows of variable wavelength and ampli- 
tude that  are e longated  parallel  to the slip direction.  

The relat ionships  be tween  fault  geometry ,  displace- 
men t  and  geomorphology  in the South Oqui r rh  Moun-  
tains fault  zone suggest a growth model  of no rma l  faults 
in which the apex of the convex-shaped fault sections 
mark  the nuc lea t ion  points  of fault zones. Newly-formed 
secondary faults developed at bo th  ends of the pr imary 
fault step into the footwall as the fault zone grows 
laterally. Large concave or ' cuspate '  fault sections mark 
sites where  the independen t ly  nuclea ted  faults join 
together.  
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