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ABSTRACT 

The Cedar City lOX 2° quadrangle in southwestern Utah is 
traversed by several major Quaternary structures and 
numerous lesser faults and folds which all trend generally 
north-northeast. The major structures include, from west to 
east, the Gunlock, Washington, Antelope Range, and Hurri
cane faults; the Cedar City-Parowan monocline; and the Red 
Hills, Paragonah, and Sevier faults. These structures gener
ally range in age of last movement from middle to late Pleisto
cene. The most recent movement and highest slip rates occur 
on the Hurricane and Paragonah faults. Both are principall) 
range-front faults which locally cut Quaternary volcanic 
rocks. Scarps on alluvium mappable at the I :250,000 scale 
occur only on the Hurricane and Antelope Range faults. The 
Sevier fault is the longest of the major structures and is also 
principally a range-front fault. 

Shorter, less prominent faults and folds are scattered 
throughout the quadrangle, but are concentrated along the 
northern edge in the Escalante Desert, Cedar and Parowan 
Valleys, and Sevier Valley. These structures are principally in 
alluvium and Quaternary basalt and are generally of middle to 
late Pleistocene age. The faults and folds are particularly well 
developed near Cedar City and in the Sevier Valley near 
Panguitch on the hanging wall blocks of the Hurricane and 
Sevier faults. The youngest (latest Pleistocene, possible Holo
cene) scarps on alluvium are near Enoch and in Parowan 
Valley. Other suspected young (late Pleistocene) scarps are in 
the Escalante Valley and in Sevier Valley north of Panguitch. 

Few data are available to determine average recurrence 
intervals between surface-faulting events and the time of the 
last event. Long-term slip rates calculated from offset volcanic 
rocks of known age average about 5 m/ m.y. for the Gunlock 
fault, 300-470 m/ m.y. for the Hurricane fault, 455 m/ m.y. for 
the Paragonah and associated faults, and 357 m/ m.y. for the 
Sevier fault. Despite these relatively high long-term slip rates, 
the lack of evidence for Holocene faulting indicates that the 

probability of a surface-faulting earthquake at a particular 
point along any fault in the Cedar City quadrangle is relatively 
low compared to the Wasatch fault or other Holocene faults in 
northern Utah. 

INTRODUCTION 

The purpose of this map and report is to present selected 
aspects of the Quaternary structural history important for 
evaluating the potential for large surface-faulting earthquakes 
in the area covered by the Cedar City I ° X 2° quadrangle. 
Principal data for such an evaluation come from the study of 
known Quaternary faults and folds. Plate I shows the loca
tions of all such structures. Fault categories are defined on the 
basis of the estimated age of most recent movement and type of 
material in which the fault is found. Fault categories include 
those with Holocene, late Pleistocene, middle to late Pleisto
cene, early to middle Pleistocene, or suspected Quaternary 
surface displacements. The type of material in which the fault 
is found and on which a scarp is formed includes unconsoli
dated deposits, chiefly alluvium; Quaternary or suspected 
Quaternary basalt; and pre-Quaternary bedrock either within 
range blocks or along linear, tectonically active range fronts 
and major block boundaries. Fault scarps on alluvium gener
ally provide the most reliable indication of relative age of 
Quaternary movement. The latter categories are included to 
convey some information about young faulting in the nonal
luviated highlands, especially in the high plateaus in the east
ern part of the quadrangle. These areas are undergoing active 
erosion and the longevity of scarps in unconsolidated deposits 
is limited. 

The erosional degradation of fault scarps on unconsolidated 
deposits and the techniques for measurement and analysis to 
estimate age of last movement are described in Wallace (1977), 
Anderson and Bucknam (1979a,b), and Bucknam and Ander
son (1979). Relative ages can be assigned to single-event 
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scarps by comparing their height versus maximum slope angle 
data to those from scarps of known or reliably inferred age 
(Bucknam and Anderson, 1979; Machette and others, 1986), 
by diffusion equation modeling (Nash, 1980; Hanks and oth
ers, 1984), or by their temporal relation to some regional 
datum such as the shorelines of Lake Bonneville. No regional 
time-stratigraphic datum exists in the Cedar City quadrangle, 
and the applicability of diffusion-equation modeling to scarps 
significantly older than Holocene, such as most scarps in the 
quadrangle, has not been established. No scarps young 
enough to compute a regression equation are present, and 
many scarps are so erosionally modified and old that profile 
data do not provide a reliable basis for estimating the age of 
last faulting. Therefore, relative ages of scarps on alluvium are 
determined by simply plotting scarp height versus maximum 
slope angle data. These data are then compared to regression 
lines for the 10,OOO-year-old Drum Mountains fault scarps and 
15,000-year-old Bonneville shoreline scarps (Bucknam and 
Anderson, 1979). It is assumed that significant variations in 
climate and paleoclimate do not exist between areas of faulted 
alluvium in the Cedar City quadrangle and areas to the north 
where baseline scarp morphology data were gathered which, if 
present, would influence the rate of scarp degradation. 

Estimating the age of last displacement on faults in Quater
nary basalt and pre-Quaternary bedrock and along tectoni
cally active mountain fronts lacking scarps is more difficult. 
Although evidence for faulting in basalt is generally well pre
served, little can be inferred except that the faulting postdates 
eruption. Radiometric ages on faulted basalts are used to 
determine the maximum age offaulting. To constrain the time 
of the last movement, we assume that offsets of more than a 
few meters did not occur at one time but were spread in 
increments uniformly over the period of time following 
eruption. 

Similar problems arise in assessing the timing oflast move
ment on faults in pre-Quaternary bedrock. Criteria used in 
identifying Quaternary scarps on pre-Quaternary bedrock 
include: (1) qualitative photogeologic assessment of scarp lin
earity, steepness, and degree of erosional dissection by trans
verse drainages; (2) conspicuous oversteepening of stream 
gradients or anomalous erosional incision by transverse 
drainages where they cross scarps; and (3) steep or well
preserved scarps in relatively weak bedrock materials. Tecton
ically active range fronts are indicated by: (1) linearity, (2) 
faceted spurs, and (3) active alluvial-fan deposition valleyward 
of the range front. Age assignments for faults in basalt and 
bedrock and active range fronts are less certain than those in 
alluvium because: (1) basalt ages are not known everywhere, 
(2) elevation-related climatic contrasts will degrade scarps and 
range fronts at different rates in different areas, and (3) degra
dation rates of bedrock scarps will be different from those in 
alluvium and will differ among rocks of differing mechanical 
and chemical properties. No calibration data pertaining to 
these differences are available. Also, there is some uncertainty 
in discriminating by photogeologic methods between fault 
scarps and large linear landslide margins which commonly 
coincide in highland terrains. The record of Quaternary scarps 
on basalt and bedrock is probably more complete than the 
record on alluvium because alluvial scarps are more readily 
obliterated by erosion or burial. Conversely, scarps on allu
vium are more recognizable on air photos and are more diag
nostic of Quaternary movement. We believe that the introduc
tion of these uncertainties is outweighed by the more 

Quaternary Faults, Folds - Cedar City Quadrangle 

comprehensive picture revealed by extending the portrayal of 
Quaternary faulting into bedrock areas. 

Quaternary folds are common in the Cedar City quadrangle 
area. Because they are spatially, and probably genetically, 
related to Quaternary faults they are identified on the map and 
described in the text. Some are large-amplitude range-front 
structures such as the Cedar City-Parowan monocline, where
as others are much smaller features recognizable by asso
ciated faults (axial graben) or anomalously sloping alluvial 
surfaces. Still others involve originally flat-lying Quaternary 
basalt flows. All these folds are interpreted to be active during 
Quaternary time either because Quaternary-age deposits are 
folded or Quaternary-age faults are genetically associated with 
the folds. 

Information for the map and report was gathered from a 
review of literature, interpretation of 1 :60,000-scale air pho
tos, and field reconnaissance in selected areas where faults 
with possible Quaternary displacement were identified. In 
addition, more detailed study locally included mapping of 
scarps on 1 :20,000-scale air photos, topographic scarp profil
ing, and logging of exposures. Emphasis was placed on identi
fying principal seismogenic structures, however, and not on 
identifying all possible minor scarps and photolineaments in 
the quadrangle. The map thus represents a reconnaissance
level compilation of the well-expressed Quaternary faults and 
structures in the quadrangle. Investigations of some of the 
Quaternary features lead us to conclude that they are non
hazardous from a seismogenic standpoint, and these are des
cribed in a separate section. 

No coseismic historical surface-fault ruptures are known in 
the quadrangle, and convincing evidence for Holocene 
coseismic faulting is absent. Most major faults in the quad
rangle show evidence for late to latest Pleistocene movement, 
although the age of last movement generally cannot be 
determined with confidence. Reliable evidence for recurrence 
and the amount of displacement per event is generally lacking, 
and it can only be said that recurrence intervals for surface 
faulting along most faults appears to be greater than 10,000 years. 
This indicates that the probability of a large surface-faulting 
earthquake (Richter magnitude 6.5+) on the identified faults in 
the Cedar City quadrangle is low relative to areas such as the 
Wasatch Front. 

PHYSIOGRAPHIC AND 
TECTONIC SETTING 

The southern half of the Cedar City quadrangle is drained 
mainly by Beaver Dam Wash, the Virgin River, and Kanab 
Creek, all of which are part of the Colorado River system. 
This is an area of active downcutting and widespread land
scape degradation. The northeastern part is drained mainly by 
streams of the Sevier River system which, although part ofthe 
interior drainage system of the Great Basin, form an integrated 
network that is actively downcutting. The northwestern part 
of the quadrangle is similar to other parts of the Great Basin 
and includes broad areas of Quaternary alluvium such as the 
Escalante Desert. Drainage is poorly developed, and overland 
flow occurs on the floors of the closed basins in much of the 
area. 

The Cedar City quadrangle is traversed by the transitional 
boundary between the Colorado Plateau and Basin and Range 
structural provinces (figure 1). The southeasternmost part is 
in the stable Colorado Plateau interior. The northwestern 



Utah Geological & Mineral Survey 

SALT LAKE CITY 
Basin and Range Province 

UTAH 

100 
I 

5'0 

one-third is part of the Basin and Range. Between these is the 
structural transition zone, an area that was affected by gentle east
tilting of broad blocks bounded by widely spaced normal faults. 
Northeast of Cedar City the boundary between the Basin and 
Range and structural transition zone coincides with the base of 
the Hurricane Cliffs. Between Cedar City and Parowan, the 
main structure is a monocline (Threet, 1963) whereas 
northeast of Parowan it is a down-to-the-west fault. South
west of Cedar City the location of the boundary is not so 
clearly defined. Many geologists have regarded the Hurricane 
fault in Utah as the boundary, but Anderson and Mehnert 
(1979) suggest, on the basis of late Cenozoic paleogeography 
and structure, that the boundary extends southwest from 
Cedar City along the north flank of the Pine Valley Mountains 
and from there it merges south-westward with the Gunlock 
fault zone which, in turn, projects southward into the Grand 
Wash fault in Arizona (figure 1). 

The Pine Valley and Bull Valley Mountains form the eastern 
end of an east-trending arcuate belt of late Miocene igneous 
activity, and at least one older belt of similarly oriented 
Cenozoic igneous activity lies to the north of that area and 
extends eastward into the plateaus of the structural transition 
zone (figure 1) (Stewart and others, 1977). The Cedar City 

150km 

, 160mi 

3 

EXPLANATION 

-;I Normal fault, bar and ball on down
thrown side (G-Gunlock, GW
Grand Wash, P-Paragonah, RR-ReefReser
voir, S-Sevier,- T-Toroweap, W-Wash
ington). 

Y Monocline (CCP-Cedar City-Paro
wan) 

X Anticline (V-Virgin) 

Figure 1. Generalized index map showing 
location of the Cedar City lOX 2° quadrangle 
relative to selected major structures, province 
boundaries, and physiographic features (BV, 
Bull Valley Mountains; BD, Beaver Dam 
Mountains; PV, Pine Valley Mountains) 
(modified from Cook, 1957). Dotted lines mark 
province boundaries. 

quadrangle also transects a belt trending north-northeasterly 
of predominantly post-Miocene basaltic volcanism (Best and 
Brimhall, 1974). 

The intensity of late Cenozoic deformation increases from 
south to north and from east to west throughout the quad
rangle. Therefore, equal-intensity deformational belts trend 
northeast. It is not known to what extent this pattern is inher
ited from or influenced by preexisting structural trends such as 
the Cordilleran hinge line (Burchfiel and Hickcox, 1972), the 
east margin of the Sevier orogenic belt (Armstrong, 1968), or 
Laramide-age folding (Cook, 1960), all of which trend north
eastward through the quadrangle. Whether inherited or not 
the trend appears to extend into the Quaternary, as evidenced 
by northeast-trending belts of Quaternary faulting and basalt
ic vent alignments (plate 1 and Hintze, 1980) and a northeast
trending zone of post-Miocene basalts (Smith and Luedke, 
1984). 

SEISMICITY 

The Cedar City quadrangle is at the southern end of the 
Intermountain seismic belt (ISB), a north-south-trending zone 
of seismicity extending from northwestern Montana to south-
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western Utah (Smith and Sbar, 1974). The zone generally 
follows the eastern edge of the Basin and Range province 
through Utah; the part of the ISB in the Cedar City quadrangle 
is centered along the Hurricane Cliffs (figure 2). In the vicinity 
of St. George, the ISB intersects the southern Nevada seismic 
zone, an east-west-trending zone of relatively high seismicity 
(Anderson, 1978). 

Figure 2 shows the locations of epicenters greater than 
Richter magnitude (Md 2.0 in the quadrangle for the period 
from 1850 to June 1988 plotted from the University of Utah 
Seismograph Stations catalog. Locations and magnitudes of 
earthquakes before June 1962 are approximate and based 
principally on noninstrumental intensity data from felt 
reports. Routine epicenter determinations based on instru
mental data from a statewide network of seismograph stations 
began in July 1962, and accuracy was further improved in 1974 
with full deployment of an extensive network of telemetered 
seismic stations (Arabasz and others, 1979). 

Earthquakes are typically small to moderate in size, gener
ally less than Richter magnitude (Md 4.0. Concentrations of 
activity are in the Cedar City/Enoch area and in the Sevier 
Valley area north of Panguitch, with a paucity of activity in the 
southeastern corner east of Kanab (figure 2). The largest 
earthquake in the quadrangle in historical time occurred in 
1902 (estimated ML 6.3) in Pine Valley, 33 km north of St. 
George. Estimated ML5.7 and 5.5+ earthquakes occurred near 
Kanab in 1887 and 1959, respectively. Approximate magni
tude 5 earthquakes occurred in St. George in 1891, Pine Valley 
in 1902 (aftershock ofthe earlier ML 6.3 earthquake), Parowan 
in 1933, and Cedar City as a part of a swarm in 1942. The 
remainder of the historical earthquakes have been smaller 
than magnitude 5 and scattered throughout the quadrangle. 

Quaternary Faults, Folds - Cedar City Quadrangle 

Even the largest earthquakes in the area are not of a magni
tude generally thought necessary to cause surface faulting, and 
coseismic surface rupture has not been reported in historical 
time. Although some of the small to moderate earthquakes are 
located in the general vicinity of various Quaternary faults, the 
large ones are not, and this, along with the error involved in 
locating epicenters for older earthquakes, makes any genetic 
association between mapped Quaternary faults and earth
quakes difficult to demonstrate (Smith, 1979). All earth
quakes have shallow foci «15 km) with principally dip-slip 
(normal faulting) focal mechanisms (Arabasz and Julander, 
1986). 

The occurrence of earthquake swarms in the region is com
mon and includes swarms:(l) near Orderville in 1926-27, (2) 
near Panguitch in February-April 1937 , (3) near Cedar City in 
August-September 1942, (4) in the Cedar Valley/Parowan 
Valley area near Enoch in November 1971, (5) near Kanarra
ville (two separate clusters) from December 1980 through May 
1981, and (6) near Panguitch (two separate clusters) in March 
1981 (figure 2) (Arabasz and Smith, 1979; Richins and others, 
1981). The largest events in these swarms are in the magnitude 
3 to 4 range, but two events during the 1942 swarm near Cedar 
City may have been in the high 4 to low 5 magnitude range. 
The formation of several north-trending fissures in alluvium 
about 24 km north of Enoch and parallel to faults in the area 
was noted by residents 2-3 months before the 1971 swarm. 
These features and an associated rise in water levels in the area, 
at a time when they were generally declining, may be indica
tions of a dilatent phase prior to the swarm (Arabasz and 
Smith, 1979). Focal depths for earthquakes in this swarm 
ranged from 3 to 9 km, with normal faulting (extension direc
tion east-northeast to west-southwest) indicated for the focal 
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Figure 2. Historical seismicity in the Cedar City lOX 2° quadrangle from the University of Utah Seismograph Stations historical catalog (squares) and 
instrumental catalog (circles). 
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mechanism of the largest earthquake in the swarm (ML 3.7) 
(Smith and Sbar, 1974). Focal mechanisms of earthquakes in 
the 1980-81 swarms near Kanarraville indicated northwest to 
southeast and west-northwest to east-southeast extension 
directions (Richins and others, 1981). 

QUATERNARY HISTORY OF 
SOME MAJOR STRUCTURES 

In this section we describe elements of Quaternary history of 
some range- and plateau-bounding faults and folds that are 
well known because they form prominent bedrock escarp
ments that comprise some of the beautiful scenery in the 
region. The largest structures represent the greatest earth
quake hazard within the quadrangle because they have the 
greatest Quaternary displacement rates and are capable of 
generating the largest earthquakes. In addition, the earth
quake risk along these structures is magnified by the preferen
tial development of communities along or near them. There 
have not been multidisciplinary seismic hazards studies con
ducted in southwestern Utah similar to those along the 
Wasatch Front in northern Utah. As a result, our understand
ing of hazards related to large structures such as the Hurricane 
fault are sketchy by contrast. 

Gravity data (Cook and Hardyman, 1967; Sawyer and 
Cook, 1977) and industry-acquired proprietary seismic-re
flection data indicate the presence of horst blocks buried 
beneath the sediments of Escalante Valley and intra-valley 
faults beneath Cedar Valley. Such structures could have large 
Quaternary displacements and could be as hazardous as those 
bordering the valleys. Because so little is known about these 
faults, they are not discussed further. 

GUNLOCK FAULT 

The Gunlock fault (plate 1) is the north part of the Grand 
Wash-Reef Reservoir-Gunlock fault in Arizona and Utah. 
These faults separate terranes with sharply contrasting styles 
and amounts of internal extensional deformation and are 
regarded as mar king the east boundary of the Basin and Range 
province. The amount and sense of dip separation ofthe Reef 
Reservoir-Gunlock faults varies along their trace (Cook, 
1960), suggesting either a scissors motion or juxtapositioning 
of pre-deformed strata by a strike-slip component of motion. 
Stratigraphic throw is less on these faults than on the Hurri
cane fault 50 km to the east, probably not exceeding 300 
m. Recent studies of bedrock in the area by the senior author 
reveal that one north-striking splay of the Gunlock fault north 
of Gunlock and several similarly oriented faults northwest of 
Gunlock are predominantly sinistral-slip faults. This evidence 
points to a component of strike-slip motion to explain the 
reversals of dip separation along the faults. Preliminary 
results of a detailed study in progress by Becky Hammond 
(Brigham Young University, oral communication, 1988» of 
the fault-slip characteristics of the Reef Reservoir-Gunlock 
faults and of the relationships between faulting and folding 
indicate that strike-slip displacements of probable Neogene 
age are much more important than previously recognized. 

A faulted basalt dated at 1.6±0.1 Ma by the K-Ar method 
(M.G. Best, written communication, 1985) is displaced down
to-the-west by only 8 m near Gunlock. Though this fault has 
clearly been active during Quaternary time, its long-term rate 
of normal slip appears to be very low (5 m/m.v.) compared to 
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the 44 m/ m.y. average long-term slip rate calculated for the 
Grand Wash fault near Grand Wash in Arizona (Hamblin and 
others, 1981). Its low apparent slip rate does not justify 
assuming a late Pleistocene last surface-faulting event. We 
assume the last event occurred in early to middle Pleistocene. 
Whether or not the Gunlock has experienced Quaternary 
strike-slip displacement is not known. 

WASHINGTON FAULT 

The Washington fault east of St. George (plate 1) is a 
68-km-Iong down-to-the-west fault zone that extends north
ward into Utah from Arizona. It has an estimated maximum 
throw of 750 m in Arizona, and displacement decreases 
northward in Utah. Approximately one kilometer north of 
Washington the fault splays and Quaternary displacement is 
not evident. 

The fault displaces preexisting geologic structures and has 
normal-drag and reverse-drag folding genetically associated 
with it. Drag folds are well exposed along the fault west of 
Warner Ridge. About 50 m ofthe Shinarump Member ofthe 
Chinle Formation forms the caprock of Warner Ridge 
beneath which about 400 m of the upper red member and 
Shnabkaib Member ofthe Moenkopi Formation are exposed. 
These strata have uniform N. 300 W. strikes and 50 -150 

northeast dips, except in a zone a few meters to a few hundred 
meters wide along the north-striking Washington fault. At the 
fault, the dip of the strata reverses sharply to form narrow 
faulted anticlinal drag folds. In plan, these folds resemble the 
fish-hook pattern that is spectacularly developed along the 
Red Hollow fault south of Motoqua near the Nevada-Utah 
border (Hintze, 1986). Small-displacement subsidiary normal 
faults parallel to the main trace of the Washington fault dip 
east or west but the main fault is nearly vertical. Locally, the 
Washington fault dips steeply to the east, indicating reverse 
slip. Rake angles of striations range from pure dip slip to 500 

S. on several small faults and the main fault, indicating a 
component of sinistral slip. 

North of the Virgin River near Washington, the fault is at 
the western end of a basalt-capped ridge (Washington Black 
Ridge). The amount of Quaternary throw along the main fault 
is not known because the basalt capping the ridge is not 
exposed on the downthrown side, either due to removal by 
stream erosion or burial beneath alluvium of Mill Creek. It is 
also possible that the flow terminated here and never extended 
across the fault. However, a subsidiary fault within the 
Washington fault zone 0.7 km east of the main trace displaces 
the basalt, age-dated at about 1.1 Ma (Best and others, 1980), 
with a maximum throw of 4.5 m (figure 3A). 

A major factor in scarp development along parts of the 
Washington fault is the contrast in resistance to erosion of 
lithologies on up thrown versus downthrown blocks. There is 
no definite evidence of Quaternary offset across the fault at its 
northern end as indicated by study of the scarp and exposures 
in excavations along 200 East Street in Washington. North of 
Washington a drainage ditch and incised channel, cut through 
an 8-m-high scarp, exposes faults in Mesozoic bedrock at the 
scarp and about 50 m to the west. Here, a Pleistocene allu
vial/ eolian deposit with a strongly developed but highly 
degraded pedogenic carbonate horizon overlies a gently dip
ping pediment surface cut on the Mesozoic rocks. This deposit 
is being eroded and undercut as the softer Mesozoic strata 
beneath the deposit are removed. Much of the area east of the 
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fault is an exhumed pediment surface from which the deposit, 
if ever present, has been removed. Preliminary evaluation of 
topographic maDS (contour interval 12 m) indicates the surface 
is approximately 70 m below adjacent 1.1 Ma basalts of 
Washington Black Ridge, and 25 m above the present level of 
Mill Creek. This indicates an average downcutting rate of 86 
m j m.y. , which is in general agreement with estimated average 
downcutting rates of 90 m j m.y. for this area during the last 2 
m.y. (Hamblin and others, 1981). Assuming uniform down
cutting, the approximate age of the pediment surface and 
deposit is perhaps 300,000 years. One remnant of this deposit 
is present on the downthrown side of the fault, but offset of the 
deposit or the erosional bedrock surface beneath it is not 
evident across the fault. Bedrock exposures on the down
thrown side are at concordant elevations with those in the face 
of the fault scarp. This indicates that the scarp is primarily the 
result of differential erosion, accelerated on the downthrown 
side by ground water and more intense fault deformation of 
the bedrock. Apparently, little offset has occurred on this 
trace of the Washington fault at least during late Quaternary 
time. Peterson (1983) found similar relationships in his study 
of the Washington fault in Arizona where the major control
ling factor in scarp development was differential erosion and 
not fault displacement. 

Five exploratory trenches were excavated across the Wash
ington fault zone in 1981-82 by Earth Science Associates 
(1982) as part of a seismic safety investigation of dams in the 
area west of Warner Ridge (locality A, plate I). Bedrock of the 
Triassic Moenkopi and Chinle Formations is widely exposed 

A 

B 

Quaternary Faults, Folds - Cedar City Quadrangle 

in the eastern (upthrown) block and locally exposed in trans
verse drainages west of this part of the fault . Bedrock shows 
strong homoclinial flexing or normal drag in a zone as much as 
300 m wide near the fault zone at the location of the trenches 
and for at least 3 km farther to the south. Each trench exposed 
alluvial deposits that were grouped by the consulting geolo
gists into "older" and "younger" units. The excavations 
yielded no material for radiometric age determinations, nor 
were there soils suitable for relative-age characterization. The 
younger alluvium is offset 5 cm in one trench, less in a second 
trench, appears to be offset in another, and shows no offset in 
the other two. The small offsets of the younger alluvium may 
not be coseismic but could be the result of differential compac
tion (Earth Science Associates, 1982). However, the older 
alluvium in each trench is faulted. The offsets are more than 
one meter and probably represent one or more surface
faulting events. Unfortunately, the age of the faulted "older" 
alluvium is not known. Earth Science Associates (1982) esti
mate it to be 10,000-25,000 years old based on evidence from soil 
profiles exposed in trenches, but we consider the evidence to be 
inconclusive. 

Other evidence for late Pleistocene surface faulting on the 
Washington fault is a remnant of a scarp (figure 3B) formed on 
a highly dissected pediment apron at the west base of Warner 
Ridge (locality B, plate I). The pediment apron is weakly 
consolidated to unconsolidated, contains abundant angular 
cobbles and boulders, is generally less than a few meters thick, 
and has a well-developed desert pavement. Where exposed at 
the fault , angular slabs in the gravel are rotated into approxi-

Figure 3. A) Scarp (4.5 m high) in basalt 1.1 
Ma capping Washington Black Ridge south of 
Washington. B) View looking east-southeast at 
scarp separating surfaces on coarse pediment 
gravel (arrow marks upthrown surface that pro
jects into camera; photographer is standing on 
downthrown surface covered with grass and 
brush). 
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mate conformity with the steeply dipping fault. The surface 
that is offset by the fault slopes westward 4°-6°. A single 
profile of the scarp at the only location where it can be profiled 
indicates a maximum slope angle of 17° and a scarp height of 
3.5 m (figure 4). These values fall close to the regression line 
for Bonneville shoreline scarps on a semilog plot of scarp 
height versus maximum scarp-slope angle, indicating that this 
scarp is probably oflate Pleistocene age. This age is consistent 
with the degree of degradation of a bedrock scarp in the area 
that is formed on weak gypsiferous rocks of the Shnabkaib 
Member of the Moenkopi Formation. Those rocks probably 
degrade much like alluvium, and the general morphology of 
the scarp is suggestive of late Pleistocene surface faulting. 
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Figure 4. Plot of maximum scarp-slope angle versus log of scarp height for 
selected scarps in the Cedar City quadrangle. Labeled dashed lines are reference 
regression lines on data from scarps of approximately 10,000 yr (Drum 
Mountains) and I 5,000 yr (Bonneville shoreline) from Bucknam and Anderson 
(1979). 

In summary, we map a 4-km-Iong part of the Washington 
fault along Warner Ridge as late Pleistocene and the parts 
passing through Washington and into Arizona as middle to 
late Pleistocene. Scarborough and others (1986) place the 
Washington fault in Arizona and southern Utah in a category 
of faults displacing latest Pleistocene or Holocene alluvial 
deposits or with alluvial fault-scarp morphologies indicating 
an age of less than 30,000 years. More detailed study by 
Menges and Pearthree (1983) shows that scarp morpholo
gies in southern Utah indicate uncertainty in the age ranging 
from early Holocene to late Pleistocene; middle to late Holo
cene deposits are not displaced. This assessment is in general 
agreement with ours, although our expanded age range of 
middle to late Pleistocene indicates greater uncertainty. 

Several north-trending normal faults parallel to the Wash
ington fault are found in St. George. One trends along the east 
side of the city (Christenson and Deen, 1983). Another is 
exposed in the Red Hills north of the St. George City Office 
Building and projects southward just east of the St. George 
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Mormon Temple. Although expressed in bedrock north ofSt. 
George, these faults become obscure to the south. No evidence 
for Quaternary movement was found on either of these faults, 
although both have been modified by development and scarps 
may have been leveled and other surficial evidence destroyed. 
Neither fault is shown on the map. 

ANTELOPE RANGE FAULT 

The range-bounding fault along the west flank of the Ante
lope Range forms the southeast edge of the Escalante Desert 
and is a northeast-trending Basin-and-Range structure active 
during Quaternary time. The area near the town of Newcastle 
at the south end of the fault is a known geothermal resource 
area. The fault, as shown, is taken from mapping by Shubat 
and Siders (1988), Siders and others (1988), and Grant and 
Proctor (1988). It consists generally of a single trace along the 
bedrock-alluvium contact at the base of the range. Two prom
inent right steps occur in the fault trace, one in the Newcastle 
area and the other at the north end of the range. A complex 
zone of faulting is present within the zone between the faults at 
the right step near Newcastle. 

The section of the fault with Quaternary movement extends 
for about 23 km along the range front. Triangular facets, a 
steep linear bedrock front with a distinct steepened segment at 
the base, and active alluvial-fan deposition at the mountain 
front all indicate a tectonically active range front. Evidence 
for Quaternary faulting at the front ceases south of Newcastle, 
except for a few widely spaced, short, faceted spurs (un
mapped). 

Scarps on alluvium are present at the north end of the range 
and in a few isolated places along the range front. These scarps 
were not profiled, but approximate measurements of scarp 
heights and maximum slope angles were made in the field. 
Scarps at the north end of the range have maximum slope 
angles of less than 5° and appear to be older than most scarps 
on alluvium at the range front which are nearly the same height 
(20-30 m) but are steeper (average 15°). These values are not 
shown in figure 4 because they are approximate, but they 
suggest an age greater than Bonneville shoreline scarps. The 
heights of these scarps on alluvium indicate recurrent move
ment during Pleistocene time. The most recent displacements 
have not recurred along some fault traces, as evidenced by 
exposures of faults lacking scarps in dissected middle to late 
Pleistocene alluvium in the area of the right step near 
Newcastle. 

Age and displacement data for offset alluvial surfaces are 
insufficient to determine slip rates or approximate timing of 
events. However, younger alluvial-fan surfaces of Holocene 
age are not offset and scarps in Pleistocene alluvium are highly 
degraded, indicating a probable elapsed time since the last 
event of well over 10,000 years. 

HURRICANE FAULT 

An understanding of the seismotectonics of the Hurricane 
fault is important to the evaluation of seismic hazards in the 
relatively small but growing population centers such as Cedar 
City and St. George that are located on or near the fault. The 
general features ofthe Hurricane fault are described by Hamb
lin (1970a). In detail, the fault has a conspicuous dog-leg trace. 
Locally the fault is a zone ranging to more than 1 km wide. In 
Utah, the fault follows preexisting northeast-trending folds of 
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probable Laramide age over long distances. Published esti
mates of normal separation on the fault in Utah range over 
almost an order of magnitude from 430 to 4000 m (Anderson, 
1980). The great discrepancy arises, in large part, from the 
failure of several investigators to subtract from the total 
apparent throw: 1) prefault folding of possible Laramide age, 
2) reverse-drag flexing of the hanging wall, and 3) rise-to-the
fault flexing ofthe footwall. Using unpublished geologic map 
compilations provided to us at 1:62,500 scale by W.K. Hamb
lin for the St. George and Hurricane quadrangles and by E.G. 
Sable at 1: 100,000 scale for the St. George quadrangle, we 
constructed apparent dip components using 3-point solutions 
at distances sufficiently far from the fault zone to be represen
tative of the block interiors, projected those to the fault, and 
measured the throw. Tectonic displacements (Swan and oth
ers, 1980) of 1100 and 1500 m are obtained at the latitudes of 
St. George and Toquerville, respectively. It is doubtful that 
the tectonic displacement or throw exceeds 2 km anywhere on 
the Hurricane fault. 

Several lavas ranging in age from a few thousand years to 
several million years have flowed across the fault in Utah and 
Arizona providing an unusually good record of recurrent 
movement (Hamblin, 1970b; Hamblin and others, 1981). Of 
special significance to the present study are those with ages of 
about 1 Ma and younger. Fortunately these flows are wide
spread along the part of the Hurricane fault in Utah and its 
coextensive structures to the northeast-the Cedar City
Parowan monocline and Paragonah fault. At some localities 
individual flows or series of flows can be found on both sides of 
the main structures, thus providing an ideal situation for esti
mating vertical stratigraphic offset and slip rates. A summary 
of available data is given in table 1. From these data the 
stratigraphic throw on the Hurricane fault in Utah ranges 
from 300 to 470 m in the last million years. These values are 
probably maximum values and exceed the tectonic throw that 
results from subtracting fault-related flexing. If, as is sug
gested above, the total tectonic throw that must be accounted 
for is 1100-1500 m and if a uniform adjusted tectonic dis
placement rate of 300 m/ m.y. is assumed, the throw on the 
Hurricane fault is mainly Pliocene and Pleistocene. 

T.blel. 

Quaternary Faults, Folds - Cedar City Quadrangle 

Averitt (1962) described and illustrated a conspicuous scarp 
on the principal range-front strand of the fault at the mouth of 
Shurtz Creek about 8 km south-southwest of Cedar City. The 
scarp is at least 20 m high, is formed on very coarse bouldery 
alluvium, has a maximum slope angle of 20°, and is deeply 
incised by Shurtz Creek. On the basis of its profile, the age of 
most recent displacement appears to be pre-Holocene but is 
probably close to the Pleistocene-Holocene boundary (figure 
4). The surface that is displaced at this scarp was referred to by 
Averitt (1962) as the Shurtz Creek pediment. The Quaternary 
gravels that mantle the pediment are parent material for a soil 
that is definitely pre-Holocene and is probably more than 
50,000 years old (Anderson, 1980). In profile, the scarp shows 
no clear evidence of recurrent movement, so it is unclear how 
many surface-faulting events are represented by its 20-m 
height. Assuming a minimum age of 50,000 years for the 
surface, a maximum displacement rate of 400 m/ m.y. is 
indicated. 

Three kinds of geomorphic features at the base of the H urri
cane Cliffs, in addition to the Shurtz Creek scarp, indicate late 
Pleistocene or younger surface displacement. First, between 
Cedar City and the latitude of New Harmony there are several 
short sections where the cliff base is not only steep but is 
formed on relatively nonresistant claystones and evaporite
bearing siltstones and mudstones of the Chinle and Moenkopi 
Formations (Averitt, 1962). Some of these rocks are probably 
less resistant to scarp degradation processes than the boulder
rich pediment gravels from which a close-packed lag mantle 
has developed on the scarp face at Shurtz Creek. Second, 
there are several places where the cliff base is formed on 
resistant upper Paleozoic carbonate rocks. Where small and 
intermediate transverse ephemeral streams cross the cliff base 
on the resistant rocks, nick points are so sharp that storm
generated runoff In some of these transverse drainages pro
duces spectacular waterfalls at the mountain front. Third, small 
areas of pedimented bedrock along minor transverse drain
ages are truncated sharply at the cliff base. Near Pintura 
(figure 5), the upthrown and downthrown parts of the offset 
pediment surface are preserved and are separated by a precip
itous bedrock scarp. Together with the scarp at Shurtz Creek, 
these three kinds of features constitute strong evidence for a 
substantial rate of late Pleistocene surface offset on the Utah 

Displacement rates estimated for the Paragonah fault, Cedar City-Parowan monocline, and Hurricane fault on the basis of stratigraphic offset of basalt flows and for 
the Wasatch fault on the basis of fission-track ages from the Precambrian Farmington Canyon Complex of the Wasatch Mountains. 

Area Rate Basis Reference 
(m/m.y.) 

Paragonah fault, main splay 295 K-Ar age of O.44±O.04. Fleck and others, 1975; Hamblin and 
others, 1981. 

Paragonah fault, main splay plus 
subsidiary fault. 455 K-Ar age of 0.44±0.04. Fleck and others, 1975; Hamblin and 

others, 1981. 
Cedar City-Parowan monocline 250 K-Ar ages of 1.0±0.16, Anderson and Bucknam, 1979a; Anderson 

0.93±0.14, and 1.1±O.1 from Cinder Hill and Mehnert, 1979. 
and Braffits Creek. 

Hurricane fault at Hurricane 300 Six K-Ar and one thermo- W.K. Hamblin and M.G. Best, 
luminescence determinations. written communications, 1979; Hamblin 

and others, 1981. 
Hurricane fault at Pintura 470 Unpublished K-Ar age of about M.G. Best, oral communication, 1979. 

Hurricane fault at North Hills 400 
1.4 m.y. 
K-Ar ages of 1.09±O.34 and 1.06±0.28 Anderson and Mehnert, 1979. 
on offset basalt. 

Southern Hurricane fault, Arizona 123-250 Thermoluminescence analysis W.K. Hamblin and M.G. Best, 
of lava flows. written communication, 1979. 

Bountiful-Ogden (Wasatch fault). 400 Forty fission-track ages on apatite. Naeser and others, 1980. 
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part of the Hurricane fault. We emphasize that Holocene 
surface displacement is undocumented but certainly not 
precluded. 

Total displacement on the Hurricane fault decreases south
ward into Arizona (Hamblin, 1965). Hamblin and others 
(1981) report that the average slip rate for the Hurricane fault 
near Hurricane is 300 m/ m.y. In Arizona near where the fault 
crosses the Colorado River, there is evidence of late Pleisto
cene displacement with a rate less than that of the northern 
Hurricane fault. M.G. Best (written communication, 1987) 
reports 22- and 2S-m offsets of basalts age dated at two separ
ate localities by the thermoluminescence method 
(Holmes, 1979) at 88 ± IS Ka and 203 ± 24 Ka respectively. 
These yielded displacement rates of 2S0 m/m.y. and 123 
m/ m.y., respectively. 

Though the Hurricane and Wasatch faults contrast sharply 
in several important aspects as summarized by Anderson and 
Mehnert (1979), long-term vertical displacement rates on the 
Hurricane fault are comparable to or within a factor of 2 of 
those determined by Naeser and others (1980) for the Boun
tiful-Ogden section of the Wasatch fault calculated from 
fission-track analyses of apatite (table 1). Continuous youthful
looking scarps on alluvium such as those that are common 
along major segments of the Wasatch fault are not found along 
the Hurricane fault. Alluvial-fan surfaces adjacent to the 
bedrock base of the Hurricane Cliffs do not appear to be 
displaced. Most of the fans are small and are probably of 
Holocene age. The absence of a clear record of Holocene 
displacement on the Hurricane fault suggests several possi
bilities: 

1. Large displacements have occurred during the Hol
ocene but have not left an obvious geomorphic record. 
2. The fault cannot withstand large shear stresses, and 
therefore moves in very small increments that do not 
result in conspicuous scarps. 
3. Strain has been stored on the fault at a rate consis
tent with the long-term average, but the return period 
for strain release is somewhat longer than the Holocene 
Epoch. 
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Figure 5. View to the east from directly north 
of the town of Pintura showing the Hurricane 
Cliffs composed of gently east-dipping upper 
Paleozoic rocks and a small transverse drainage 
issuing from the cliffs. Double-shaft arrows mark 
the main fault trace. Where the transverse drain
age crosses the main fault trace, a steep bedrock 
cliff separates remnants of the apical part of a 
pedimented surface (marked by single-shaft 
arrow) from its downdropped equivalent (surface 
covered by juniper trees). 

We comment on these possibilities in turn. There does not 
appear to be any process along the Hurricane Cliffs that would 
serve to systematically remove evidence of significant Holo
cene surface faulting. Rates of sedimentation and erosion 
cannot be inferred to be especially high as compared, for 
example, to those along the Wasatch Front. Therefore, the 
first possibility does not seem reasonable. The second possibil
ity seems unreasonable in light of the 20-m-high scarp at the 
mouth of Shurtz Creek. The third possibility is preferred. 

The elapsed time since the last surface-faulting earthquake 
on the entire 80-km-long part ofthe Hurricane fault in Utah is 
probably somewhat greater than 10,000 years. Evidence 
regarding average recurrence and displacement per event is 
lacking and cannot be reliably estimated from calculated long
term displacement rates. 

PARAGONAH FAULT 

The Paragonah fault is the easternmost of a system of north
to northeast-striking faults that splinter the northwest
vergent Cedar City-Parowan monocline (Threet, 1963). The 
monocline forms a structural bridge between the Paragonah 
and Hurricane faults. North of Paragonah, the fault is at the 
base of the Hurricane Cliffs where it marks the east boundary 
of the Basin and Range. South of Paragonah, the fault enters 
the Hurricane Cliffs and penetrates the edge ofthe Markagunt 
Plateau (figure 6). Unlike the Hurricane fault, the Paragonah 
fault adjacent to Parowan Valley is not complicated by preex
isting folds along its trace. The upthrown (eastern) block 
exposes gently north-northeast-tilted Upper Cretaceous and 
lower Tertiary sedimentary strata that are broken cleanly at 
the fault with only very minor normal drag. The bedrock scarp 
is straight and precipitous, indicating recurrent youthful 
displacement. 

A basalt flow dated by Fleck and others (197S) as 0.44 ± 0.04 
Ma was extruded from the Hurricane Cliffs southeast of Para
gonah and flowed down ancestral Water Canyon across the 
Paragonah fault and a companion fault to the west. The two 
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faults displace the basalt with a combined throw of about 200 
m. Hamblin and others (1981) report a displacement rate of 
295 m/ m.y. for the main strand of the Paragonah fault, and 
offset of the basalt by the companion fault yields a displace
ment rate of about 160 m/ m.y., for a cumulative rate of about 
455 m/ m.y. at the plateau margin (table I). The age of the last 
displacement on either fault is not known. Scarps on alluvium 
are not recognized along the Paragonah fault, but a poorly 
preserved scarp formed on boulder gravel along the trace of 
the companion fault directly east of Parowan was profiled 
(figure 4). The scarp is about 12.5 m high and may represent 
several surface-faulting events. Its maximum slope angle of 
23.3° would suggest that the age of the youngest event is latest 
Pleistocene. Available data can be interpreted in a number of 
different ways, all of which indicate late Pleistocene surface 
faulting at a rate analogous to that of the Hurricane fault. 

CEDAR CITY-PAROWAN MONOCLINE 

On the basis of age-dated basalts, Anderson and Bucknam 
(I 979b) presented geologic evidence for at least 250 m of uplift 
in the last I m.y. as a result offolding in the central part of the 
Cedar City-Parowan monocline (table I). If the monocline is a 
structural bridge between the Hurricane and Paragonah 
faults, as suggested by Threet (1963), this minimum uplift rate 
is broadly consistent with maximum rates of 455 m/ m.y. for 
the combined displacement on the two faults at Paragonah 
and 320 ± 80 m/ m.y. estimated for the northern Hurricane 
fault. 

Figure 7. View to the northeast across the 
West Fork of Braffits Creek. Bare area in the 
lower left is one of several closed basins that are 
found perched on valley slopes along the West 
Fork. The light-colored rocky cliffs across the 
creek are composed of Cretaceous sedimentary 
rocks that dip steeply northwest as part of the 
northwest-facing Cedar City-Parowan mono
cline that forms the margin of the Markagunt 
Plateau. The dark rocks beyond them are basalt 
lavas and cinder beds dated by the K-Ar method 
at about I Ma. In Cinder Hill these beds are 
folded on northeast trends, and directly north
west of the area in the photograph the cinder beds 
dip 45°_85° toward Parowan Valley (see figure 8). 

Quaternary Faults, Folds - Cedar City Quadrangle 

The Cedar City-Parowan monocline has not been mapped 
in detail, but scattered field investigations suggest that it is a 
very complex structure involving a complex stratigraphic 
assemblage. A normal stratigraphic sequence consisting of 
Upper Cretaceous and lower Tertiary sedimentary rocks over
lain by middle to upper Tertiary volcanic rocks (Threet, 1963; 
Anderson and others, 1975) is, in places, structurally attenu
ated and is generally overlain by a very complex assemblage of 
locally derived, commonly monolithic debris flows and land
slides. In addition to being monoclinally flexed and splintered 
by several north- to northeast-striking normal faults of large 
displacement, this entire stratal assemblage is deformed both 
by strike-slip faults and interrelated systems of map-scale to 
mesoscopic folds and faults that tend to displace rocks down 
toward the uplifted part of the monocline. The down-to-the
mountain folding and faulting has produced numerous closed 
basins perched along the mountain front (figure 7). These 
range in sizefrom a few hundred square meters to I km2• That 
they are only partially filled with sediment in a mountain-flank 
physiographic setting suggests youthful deformation. Folds 
and faults associated with the largest one (Elliker basin, local
ity C, plat~ I) involve basalt that yielded a K-Ar age of 
0.9 ± 0.14 Ma (Anderson and Bucknam, 1979b). The style of 
folding and faulting responsible for producing these features is 
analagous to that seen in excavated cinder beds at Cinder Hill 
(figure 8) where the structures have extremely limited depth 
penetration. Even the largest down-to-mountain faults (not 
shown on plate I), such as those at Elliker basin, ar~ not likely 

Figure 6. View to the south from Interstate 15 
of the Paragonah fault forming the east edge of 
Parowan Valley. Note steep, linear mountain 
front and triangular facets indicating youthful 
displacement. The fault diverges from the moun
tain front and trends into the Markagunt Plateau 
to the south, shown in the right side of the figure. 
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Figure 8. North-looking sketch of excavation in poorly consolidated, bedded cinder deposits at Cinder Hill showing details of crenulated bedding in an interval 
offluvia1(?) beds sandwiched between massive air-fall beds. The westerly dip of the fluvial(?) beds is about 45°, but parts of the beds between crenulations dip much 
steeper-locally as much as 85°. Bedding is broken along the axial plane of some crenulations. The axial planes and fractures can be grouped into steeply and gently 
dipping systems both of which represent components of down-to-the-east displacement. The style of deformation illustrated here is important because it is analagous 
to larger scale folds and faults at Cinder Hill, Elliker basin, and at several other locations in the Braffits Creek area. The deformational style shown here is common in 
neotectonic monoclines elsewhere in southwest Utah (Anderson and Barnhard, 1987). It shares many features with "ductile faulting" as described from competent 
crystalline rocks by Davis (1980). Here, ductile deformation is accomplished by grain-boundary translation and rotation in poorly consolidated materials. There is an 
inverse correlation between bed thickness and apparent strain magnitude. 

to penetrate more than a kilometer or so. We therefore defer 
discussion of these features to the section on nonseismogenic 
structures. The possibility exists, however, that the main 
mountain-front monocline is the complex surface expression 
of a blind plateau-bounding normal fault zone that has seismic 
potential equal to that of other major faults in the region. To 
test this possibility requires subsurface exploration. 

RED HILLS FAULT 

The Red Hills are separated from Parowan Valley by the 
Red Hills fault. The hills are composed principally of Tertiary 
Claron Formation. The southern part ofthe faulted front near 
Little Salt Lake in Parowan Valley is tectonically active as 
indicated by the linear bedrock-alluvium contact and steep, 
active alluvial fans with apices at the front. Very few fans are 
entrenched at the fanhead and, in those that are, the locus of 

deposition has shifted down-fan less than 0.4 km. Despite the 
relatively nonresistant bedrock at the front, few embayments 
occur even along major drainages. Also, the front is marked 
by a steep set of triangular facets at the base of the slope, 
indicating that the front has been in a period of active uplift 
during at least late Pleistocene time. Few alluvial scarps are 
present along the fault, chiefly because fan apices are at the 
mountain front and do not extend upstream across the fault. 
Isolated short scarps of possible fault origin are on colluvium, 
and one (0.2 km long) is found on late Pleistocene alluvial-fan 
deposits near the southern end of the fault. 

The presence of Little Salt Lake and the broad, flat
bottomed Parowan Valley is an indication of youthful activity 
along the Red Hills fault. The outlet of the lake is at the head 
of a canyon (Parowan Gap, locality D, plate 1; cover) cut 
through the Red Hills as they rose as a horst. During late 
Pleistocene time, it is probable that subsidence of the basin 
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accompanied uplift of the Red Hills, therefore maintaining the 
Little Salt Lake area as a basin-floor depocenter. During 
Holocene time, the level ofthe outlet and Little Salt Lake were 
controlled by deposition on the Whitney Canyon alluvial fan 
which has partially blocked the outlet stream through Paro
wan Gap (Nielson, 1983). Prior to removal by man, this fan 
maintained 3 m of closure in the Little Salt Lake basin before 
overflow through Parowan Gap occurred (Nielson, 1983). 

SEVIER FAULT 

The Sevier fault zone, as used herein, forms the west boun
dary of: (1) the Sevier Plateau (mainly in Piute County north 
of the Cedar City quadrangle), (2) the Paunsaugunt Plateau 
(mainly in Garfield County), and (3) the structural block con
taining Bryce Canyon, the Pink Cliffs, and the White Cliffs 
(mainly in Kane County). The fault zone in Utah is the 
northern structural element in a 500-km-Iong fault zone that 
includes the Toroweap (figure 1) and Aubray faults in Arizona 
(Hamblin, 1970a). In the Cedar City quadrangle, the zone 
strikes north-northeast and consists of numerous right- and 
left-stepping generally en echelon faults on which rocks are 
typically downthrown to the west-northwest (Hintze, 1980). 
R.W. Krantz (written communication, 1985) noted a consis
tent southerly component to the rake of striae on the Sevier 
fault and other faults of the transition zone, suggesting that 
they are sinistral-normal faults. Displacement on the Sevier 
fault generally increases northward. On the basis of three
point solutions and projections to the fault, we estimate 475 m 
of throw at the Coral Pink Sand Dunes directly north of the 
Arizona-Utah border. Seismic-reflection data (E. Lundin, 
written communication, 1988) indicate about 900 m of throw 
on the basement at Red Canyon east of Panguitch. Total 
throw is as much as 1.5 km in southern Sevier County to the 
north of the quadrangle. The amount of displacement differs 
greatly between individual en echelon strands as a result of 
transfer of displacement from one to the other. 

Throughout most of its length in the Cedar City quadrangle, 
the escarpment on the upthrown block of the Sevier fault is on 
bedrock, and along much of its length bedrock is also exposed 
in the downdropped block. Therefore, the opportunity to 
assess the Quaternary-faulting history by the study of Quater
nary deposits is limited. Except where the fault cuts age-dated 
Quaternary basalt, age evidence for surface faulting is indirect. 
Our discussion of evidence for .Quaternary displacement is 
organized geographically from south to north, beginning with 
a brief account of the Toroweap fault in Arizona. Because the 
Sevier fault is broken into en echelon parts on a rather small 
scale (Hintze, 1980; Doelling and Davis, 1989), we do not 
attempt to relate this segmentation to seismogenic behavior. 

Though it is well known that the majority of throw on the 
Toroweap fault predates basaltic eruptions of the western 
Grand Canyon region and that progressively younger volcan
ics are displaced progressively less (see Koons, 1945, for a 
summary), available age data do not span a wide range of ages 
and thus cannot yield conclusive long-term displacement 
rates. Age determinations using the thermoluminescence 
method on samples of two widely separated flows cut by the 
Toroweap fault (Holmes, 1979; M.G. Best, written communi
cation, 1987) yield rates of 74 m/m.y. (Volcans Throne) and 
60 ml m.y. (Heaton Knolls) on rocks that yielded ages of 
201 t 34 Ka and 284 t 48 Ka., respectively. If these data are 
accepted at face value, there has certainly been middle to late 
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Pleistocene surface faulting on the Toroweap fault. North of 
these basalts in Arizona, Scarborough and others (1986) indi
cate possible late Pliocene and Quaternary movement with 2-3 
m of displacement of Quaternary units at a point about 16 km 
south of the Utah border. Menges and Pearthree (1983) 
indicate that the fault in southern Utah lacks specific strati
graphic evidence for Quaternary displacement, and the age of 
last surface faulting should accordingly be considered of ques
tionable Quaternary age. 

Along the part of the Sevier fault from the Utah line north to 
Orderville, two geomorphic features provide indirect evidence 
of Pleistocene deformation. First, in several places the west
facing bedrock scarp is conspicuously compound in cross 
profile with a moderately sloping rounded upper part and a 
steep cliff-forming lower part. Near Yellowjacket Spring and 
elsewhere, the lower cliff-forming part may result from youth
ful throw on the fault rather than from erosional sapping and 
spalling at the cliff base or differential resistance to erosion of 
rocks in the lower cliff. Second, the main trace of the Sevier 
fault has a conspicuous left step about 5 km south-southeast of 
Mount Carmel Junction. We measured striations on several 
steep small-displacement fault surfaces along the main trace 
south of Clay Flat (locality E, plate 1) and found a consistent 
southerly rake component (figure 9) similar to that reported by 
R.W. Krantz (written communication, 1985). The indicated 
component of sinistral slip combined with the left step at Clay 
Flats should, according to faulting models proposed by Segall 
and Pollard (1980) and Sibson (1985), result in an area of 
concentrated dilatation in the vicinity of Clay Flat. Clay Flat 
is a closed-basin depocenter of less than 1 km2 that interrupts 
the transport of fluvial sediments carried north and west by 
ephemeral streams that drain an area of approximately 70 km2 

(plate 1). In order to maintain such a depocenter, active late 
Pleistocene subsidence seems to be required. The hazards 
implications of such subsidence are uncertain because the 
deformation could either be directly linked to surface-faulting 
earthquakes on the Sevier fault or to a more continuous type 
of low-level seismicity (or aseismic creep) distributed through 
a large volume of rock. 
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Figure 9. Diagram showing striations measured on 10 steep minor faults in 
the Sevier fault zone projected onto a vertical plane striking N 22° E. The 
projection plane represents the main strand of the Sevier fault. Note consistent 
southerly rake component with concentration between 50° and 65°. Data are 
from locality marked by E on plate 1. 

Spectacular bedrock scarps along the Sevier fault in the 
Orderville-Glendale area are largely the result of erosion of the 
relatively weak Cretaceous rocks that are downfaulted against 
the resistant Navajo Sandstone (Cashion, 1967). The precipi-
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tousness of these fault-line scarps cannot be taken as evidence 
for Quaternary-age displacements. At Black Mountain (8 km 
northeast of Glendale) a basaltic volcanic center of Quater
nary age is located on or near the main trace of the Sevier fault. 
Our reconnaissance field investigation indicates that at least 
three flows issued from the center and flowed westward across 
the escarpment at the fault. A west-facing scarp that is con
spicuous on air photos is the distal front of a flow that rests on 
an older flow for which Best and others (1980) report a K-Ar 
age of about 0.56 Ma. Neither flow appears to be faulted at 
the scarp, despite the coincidence of the scarp with the trace of 
the westernmost fault of the Sevier fault zone mapped by 
Doelling and Davis (1989). Other conspicuous escarpments 
on basalt in the area appear to be headwall scarps in landslides. 
Cashion (1961) indicates 23 m of displacement in basalt at 
Black Mountain. Though it is probable that basalt is displaced 
at the main trace, there is considerable uncertainty as to which 
scarps are related to landslides, preflow topography, or faults. 
There is also uncertainty as to which of the scarp-forming 
basalts along the main trace correlates with the age-analyzed 
flow. These uncertainties preclude estimating long-term dis
placement rates at Black Mountain from available data. 

The physiographic expression of the Sevier fault in the area 
north and northeast of Alton is unique. A 6-km-Iong section 
of the fault there is expressed as a southeast-facing 150 to 
200-m-high obsequent fault-line scarp rather than as the nor
mal northwest- to west-facing fault scarp or fault-line scarp. 
Though we have evidence for surface displacement of proba
ble Holocene age along this part of the fault, we interpret the 
displacement to be nonseismogenic and defer discussion to the 
section dealing with inferred aseismic deformation. 

Where the Sevier fault forms the west edge of the Paunsau
gunt Plateau in Garfield County, it marks the contact between 
the Cretaceous and Tertiary rocks of the Plateau and the 
Quaternary alluvial deposits of the Sevier River Valley. The 
Plateau margin is linear, bu~ there are no known sites where 
the fault displaces unconsolidated alluvial deposits of known 
Quaternary age along the front. The only offset Quaternary 
deposits occur at Red Canyon southeast of Panguitch where 
0.56 Ma basalts (Best and others, 1980) are offset 200 m 
(Anderson and others, 1978). We infer that most ofthe 200 m 
of displacement is distributed throughout the middle and late 
Pleistocene. North of Red Canyon, the main branch of the 
fault trends into the volcanic bedrock of the Sevier Plateau 
and dies out (Doelling, 1975; Hintze, 1980). Carpenter and 
others (1967) show numerous faults dashed through a mass of 
Quaternary rubble in this area (locality F, plate 1). These faults 
are shown on the Quaternary fault map of Utah (Anderson 
and Miller, 1979). Neither these faults nor the rubble are 
shown on geologic maps at the same scale (Doelling, 1975) or 
smaller scales (Hintze, 1980). On the basis of our study of 
1 :60,000-scale air photos, the rubble appears to include land
slides, pediment deposits, and alluvium lacking through-going 
scarps, although the topography is very irregular. The fault 
traces are visible only as aligned drainages in bedrock, and we 
do not include them on plate 1. 

Hintze (1980) shows a north-trending fault trace directly 
west of where the main trace of the Sevier fault trends into 
bedrock and dies out. There the plateau margin is conspicu
ously linear with transverse interfluves commonly terminated 
at triangular facets. Active alluvial-fan deposition at the 
mountain front, together with the plateau-margin morphol
ogy, suggest youthful fault deformation, despite an absence of 
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scarps on alluvium. We map this as a fault with suspected 
middle- to late-Pleistocene surface offset (plate 1). It may 
represent an en echelon left step in the main fault system, 
although the evidence for youthful displacement on the Sevier 
fault in the Cedar City quadrangle appears to die out north of 
Sanford Creek. 

SCARPS ON ALLUVIUM 

Some scarps on alluvium in the Cedar City quadrangle are 
located along major structures such as the Washington fault at 
Warner Ridge, the Hurricane fault at Shurtz Creek, and the 
Antelope Range fault. These are described in preceeding 
sections. Most of the remaining scarps on alluvium are des
cribed in this section by geographic area. They occupy diverse 
structural settings such as: (1) mid-valley faults probably 
located above buried horst-and-graben structures (Escalante 
Valley and Parowan Valley), (2) faults antithetic to the Hurri
cane fault (Pintura area), (3) faults that cut the Sevier Plateau 
transversely (Hunt Creek), and (4) faulted folds developed on 
the downthrown block of the Sevier fault (Race Hollow). 
Most of the scarps are on alluvial-fan gravels. However, those 
near Pintura are on very coarse debris-flow deposits and 
scarps at Enoch are mostly on fine-grained alluvium consisting 
of sand, pebbly sand, silt, and clay. 

ESCALANTE DESERT 

Numerous short, isolated scarps on alluvium are present in 
the Escalante Desert. Most trend northeast, parallel to the axis 
of the valley, and are accompanied by clusters of subparallel 
vegetation lineaments (Ertec Western, Inc., 1981). Both the 
principal drainage and wind-aligned features 
(dunes, deflation basins) parallel this northeast trend, result
ing in a wide variety of northeast-trending lineaments, many of 
which are not related to faulting. For this compilation, only 
topographic scarps which cannot reasonably be attributed to 
water or wind action are shown. All such features are present 
on deposits of middle to late Pleistocene age, and none appear 
to displace younger (Holocene) alluvium, playa deposits, or 
eolian deposits. The most prominent scarps are near Enter
prise, west of Newcastle, northwest of Table Butte, and along 
the west side ofthe Bald Hills and Mud Spring Hills on the east 
side of the valley. 

The faults southeast and east of Enterprise truncate alluvial
fan deposits derived from the Pine Valley Mountains to the 
south. Though a poorly preserved scarp on alluvium is found 
directly southeast of Enterprise (figure 4), the evidence for 
faulting consists chiefly of concordant faceted spurs at the 
ends of finger-like ridges formed on dissected alluvium. The 
spurs are aligned oblique to modern drainage. On the basis of 
their discontinuous and highly modified geomorphic expres
sion, the last faulting event is assumed to be middle to late 
Pleistocene in age. 

The fault near Newcastle displaces deposits down to the east 
and may be an antithetic fault associated with the Antelope 
Range fault, forming the west edge of a graben along the east 
side of the Escalante Valley. The fault scarp is rounded with an 
average maximum slope angle of 5° and height of about 2 m. 
Because it is an uphill-facing scarp on an alluvial surface 
sloping less than one degree, it is not appropriate to estimate 
age based on relationships between scarp height and maxi
mum slope angle. The scarp does not cut Holocene deposits 
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and is found only on alluvial-fan deposits of Pleistocene age 
(Siders and others, 1989). The last displacement is conserva
tively estimated to be middle to late Pleistocene. 

Northwest of Table Butte in the north-central part of the 
Escalante Desert near Zane, down-to-the-west faults are 
found in the valley bottom and down-to-the-east faults are on 
the alluvial piedmont along the west side of the valley north
east of Zane. The more northerly down-to-the-east scarps 
are the most prominent and cut probable middle to late Pleis
tocene alluvial fans formed from detritus carried from hills to 
the west of the scarps. These scarps are the southern part of a 
19-km-Iong zone of scarps described by Anderson and Buck
nam (1979a). They are highly dissected with apices of well
developed, post-faulting alluvial fans at their bases. North of 
the Cedar City quadrangle, poorly defined shoreline features 
that appear to represent the high stand of Lake Bonneville are 
developed on a post-faulting alluvial fan, suggesting that the 
scarps are much older than the Bonneville high stand. We infer 
that they were last active in the early part of the late 
Pleistocene. 

The down-to-the-west scarps occur on probable late Pleis
tocene alluvium in the valley and are locally buried by eolian 
deposits and modified by modern drainage. These scarps are 
relatively low and oblique to wind-aligned features but paral
lel the predominant drainage direction. Field investigations of 
these scarps were not performed so scarp heights and maxi
mum slope angles are not. known. Although Ertec Western, 
Inc. (1981) indicates Holocene offset, we believe these scarps 
to be more likely late Pleistocene because they do not appear 
to be on Holocene deposits and have a subdued appearance on 
air photos. 

Faults along the west flank of the Bald Hills are down to the 
west (Rowley, 1976; Mackin and Rowley, 1975, 1976). The 
older scarps are closer to the hills and are highly degraded and 
discontinuous. They are on only the oldest deposits which are 
middle to late Pleistocene alluvial-fan deposits from the Bald 
Hills. A younger, longer, more continuous scarp is found to 
the west where it is on the toes of these fans (locality G, plate 1) 
and extends onto younger alluvial-fan deposits. Only the 
youngest stream deposits are not offset, but modern drainage 
is disrupted. Alluvial-fan deposits of probable Holocene age 
are found on top as well as at the base of the scarp. Deposition 
of fans upstream from the scarp is perhaps caused by back
tilting along short subsidiary faults now buried beneath these 
fan deposits or by up-to-the-fault warping on the upthrown 
side. In either case, the disrupted drainage and apparent 
young age of deposits indicate a probable late Pleistocene age 
of faulting. 

PINTURA AREA 

Southwest of Pintura, southeast-flowing Pleistocene drain
ages heading in the Pine Valley Mountains formed fan com
plexes in areas of diminished gradient directly west of the 
Hurricane fault. The fans were partly constructed on Quater
nary basalt that was being downfaulted and east-tilted by 
Quaternary displacements and associated reverse-drag flexing 
on the Hurricane fault (Hamblin, 1965). The fans are highly 
dissected, and consist mostly of coarse debris-flow material. 
Fault scarps with heights as much as 15 m are conspicuous on 
remnants of the dissected fan surfaces (figure 4). The scarps 
are mantled with a lag concentration of close-packed cobbles, 
boulders, and blocks, measuring up to 3 m in diameter. Some 
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scarps are on the projection of exposed bedrock faults. Most 
scarps face east toward the Hurricane fault, suggesting anti
thetic faulting that would be mechanically linked to the Hurri
cane fault in the same manner as the reverse-drag flexing 
(Hamblin, 1965). We infer a late Pleistocene age for the scarps 
consistent with the inferred late Pleistocene deformation on 
the Hurricane fault. As with the Hurricane fault, the larger 
scarps near Pintura probably reflect recurrent late Pleistocene 
faulting. 

ENOCH AREA AND WESTERN RED HILLS 

Two approximately north-trending west-facing scarps that 
are on unconsolidated alluvial deposits extend into the incor
porated limits of the town of Enoch. The eastern of the two 
scarps in Enoch has been trenched in several places by local 
residents in efforts to stimulate flow from springs that issued 
from the scarp. Layers of brown to dark-brown humic sandy 
clay are exposed in the trenches east of the escarpment (pre
sumably in the upthrown block). A field sketch was published 
by Anderson (1980) of the north wall of one of the trenches 
from which a layer of humic clay yielded a radiocarbon age of 
9500 ± 300 yr. The age-dated layer separates indistinctly 
bedded pebble- and cobble-bearing alluvium below from well
bedded sandy clay above. The coarse alluvium is faulted at the 
scarp. The overlying well-bedded fine-grained strata show no 
evidence of thinning or pinching out westward toward the 
scarp, suggesting that they too may have extended across the 
scarp prior to its formation. However, excavation of a shallow 
pit (about 1.5 m deep) at the scarp failed to reveal those beds 
on the "downthrown" side of the scarp. The maximum scarp 
slope angles in two profiles are considerably less than what 
would be expected for a post-9500-year-old scarp (figure 4). 
Perhaps the maximum slope angle is low because the scarp is 
on finer grained deposits that might degrade more rapidly than 
scarps on coarser fluvial and debris-flow gravels; scarps on the 
latter are represented by the reference curves. If degradation 
rates are increased, these scarps could be Holocene as sug
gested by the age data. The ambiguity could probably be 
resolved by excavating a deep trench on the downthrown 
block. Because of the uncertaintly of the relation of the dated 
deposits to faulting and the apparent morphologic age of the 
scarps, we believe that the last surface-faulting event probably 
occurred during the latest Pleistocene, although Holocene 
activity cannot be precluded. 

Other scarps on alluvium are found west and north of 
Enoch. Across Cedar Valley 10 km to the west are several 
scarps at the base of The Three Peaks (Mackin and Rowley, 
1976; Rowley and Threet, 1976), and to the north is a 
northwest-trending series of short scarps beginning 15 km 
north of Enoch near Highway 130 (north of Rush Lake) and 
extending to near the edge of the quadrangle just west of the 
Red Hills (Rowley, 1975). All of these faults cut alluvial 
deposits of estimated middle to late Pleistocene age except 
those farthest north, which cut highly dissected alluvium from 
the Red Hills of probable early to middle Pleistocene age. The 
youngest scarps are found at the southern end of the group of 
faults north of Rush Lake, where preliminary profiles and age 
estimates of the youngest faulted deposits indicate that some 
of the scarps may be of latest Pleistocene age. Because none of 
the faults north and east of Enoch were studied in detail in the 
field, we assign a middle to late Pleistocene age for all scarps 
except those farthest north which are older and of probable 
early to middle Pleistocene age. 
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PAROWAN VALLEY 

Scarps on alluvium are widespread in Parowan Valley. The 
scarps on the west side are on middle to late Pleistocene 
alluvial-fan deposits and are generally higher and older than 
those on the east side. The highest scarps on the west side 
generally face east, and large alluvial fans have been deposited 
at the base of these scarps. Along major drainages, these 
post-fault fans have become incised and modern deposition has 
shifted down fan. Scarps facing uphill (west) are present 
locally, and major drainages are re-established across these 
scarps with no areas of blocked or closed drainage remaining. 
Although all scarps are on relatively steep piedmont slopes, 
resulting in rapid deposition and re-establishment of drainage, 
the degree of dissection of faulted deposits and the size of 
post-faulting alluvial fans suggest a middle to late Pleistocene 
age for the last surface displacement. 

Scarps on the east side of the valley generally face west and 
are found on lower, nearly flat piedmont alluvial slopes. Some 
are linear with little erosional dissection, whereas others are 
detectable only as discontinuous short segments, due to either 
erosional modification or initial discontinuities in trend and 
height. The scarps were profiled in two places: (1) NW~ sec. 19, 
T. 34 S., R. 9 W. (locality H, plate 1), and (2) W~ sec. 8, T. 33 
S., R. 8 W. (locality I, plate 1). A semilog plot of scarp height 
versus maximum slope angle for these profiles is shown in 
figure 4. At locality H (plate 1), the fault is exposed in a road 
cut where the net fault displacement is distributed over a series 
of faults in a zone about 7 m wide. Though offsets along 
individual faults in the zone could not be determined, the 
distribution of net slip over several traces indicates that the 
morphology of the scarp at this location may not be repre
sentative of age. The scarp profile for locality H is plotted on 
figure 4 as the 5-m-high scarp to the right of other Parowan 
Valley scarps. 

The profiles at locality I (plate 1) reveal a scarp about 2-2.5 
m high with maximum slope angles of about 9°, indicating a 
morphologic age slightly older than I5,OOO-year-old Bonneville
age scarps (figure 4). The soil on the offset surface has a 
25-cm-thick stage I carbonate horizon (Gile and others, 1966; 
Machette, I985b) and I5-cm-thick argillic B horizon, suggest
ing a probable late Pleistocene or early Holocene age for the 
soil. In general appearance, this scarp is one of the youngest 
surface-faulting features in the quadrangle and is designated 
late Pleistocene (Holocene?) on plate 1. 

MARKAGUNT PLATEAU 

A few highly dissected short scarps on alluvium are in 
southeastern (Upper) Bear Valley about 25 km north of Pan
guitch Lake in the Markagunt Plateau (Anderson and Miller, 
1979). These scarps and the alluvium on which they are 
formed are probably middle to late Pleistocene in age, based 
on a qualitative assessment of scarp morphology and dissec
tion. Vegetation lineaments and concordant eroded fan toes 
occur between the short scarps, but evidence is insufficient to 
determine if they indicate connecting fault traces. These 
Upper Bear Valley alluvial scarps lend credence to our assess
ment of a middle to late Pleistocene age for activity on range
bounding and bedrock faults in the area. Anderson and others 
(1987) infer buried range-front faults in the vicinity of the 
scarps, and also postulate that Quaternary faults cut bedrock 
in the area. 
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CENTRAL SEVIER V ALLEY NEAR PANGUITCH 

A 13-km-Iong zone of fault scarps on Quaternary alluvium 
in the area east and northeast of Panguitch, from near Pan
quitch north to Sand Wash, appears to be the north part of a 
25-km-Iong zone of genetically and temporally related scarps 
that extend south of Panguitch to near Hatch. Those south of 
Panquitch include scarps on Quaternary alluvium, pre-Quater
nary basalt, and alluvial deposits of the Tertiary Sevier River 
F ormation. They are described in the section on faults in 
pre-Quaternary bedrock. The scarps in both areas are similar 
in form, north to northeast trend, and structural setting, and 
their lack of mapped continuity may be due to erosional 
destruction by the Sevier River which separates the two areas. 

Scarps east and northeast of Panguitch are on isolated 
remnants of Pleistocene surfaces that are surrounded by and 
partially buried by a complex of unfaulted Holocene fan and 
channel deposits. The Pleistocene surfaces are underlain 
mostly by boulder and cobble-bearing alluvium derived pri
marily from volcanic rocks in the Sevier Plateau to the east. On 
the basis of a preliminary study of scarp morphology in the 
area (discussed as subareas in the next two sections), Bucknam 
and Anderson (1979) regressed scarp-slope angle on log scarp 
height to estimate the age of the scarps relative to reference 
regressions. Subsequent study indicates that few of the scarps 
represent single surface-faulting events and many, or perhaps 
all, of those whose anomalously steep mid-slope sections had 
been interpreted to indicate mUltiple events may actually 
reflect stratigraphically controlled contrasts in resistance to 
erosion. These complications, together with the high degree of 
scatter in available scarp-profile data (figure lO) preclude 
meaningful statistical analysis. 

A small group of scarps near Sanford Creek in the north 
part of the area bound a conspicuous horst, whereas those in 
the south part of the area near Race Holloware on a Quater
nary anticline, the axis of which is marked by a conspicuous 
keystone graben (Race Hollow), located directly east of the 
Panguitch airstrip. Those near Sanford Creek contain the 
clearest evidence of multiple displacements including: (1) fan 
surfaces showing progressively greater offset with increasing 
age, and (2) stratigraphic relationships exposed in a trench. 
The scarps near Sanford Creek are discussed first followed by 
those near Race Hollow. 

Sanford Creek Area 

Horst-bounding scarps are on two Pleistocene surfaces of 
significantly different ages near Sanford Creek. Scarps as 
much as 12 m high separate offset remnants of a surface that 
may be as old as middle Pleistocene. Many of these high 
scarps have a midslope segment that is anomalously steep and 
appears as a conspicuous dark line on air photos. It is not 
certain whether the steepness results from a relatively young 
surface-faulting event or from lithologic control affecting 
scarp degradation. The trace of the west-bounding fault of the 
horst trends about N. 25° E. and is defined by a scarp as much 
as 0.8 m high where it crosses a middle to late Pleistocene 
surface that is topographically lower than, and obviously 
younger than, the surface containing the high scarps. The 
maximum slope angle of this west-facing low scarp is about 3°, 
and it is formed on a fan surface that slopes 0.5°-1.5° W. As 
noted by Machette and others (1986), estimating age from 
scarp slopes that differ from general land-surface slopes by 
only a few degrees is difficult. 
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A commercial wood-chip disposal trench about 50 m long, 8 
m wide, and 5 m deep, and trending approximately N-S, was 
excavated across the low scarp on the middle to late Pleisto
cene surface in October 1987 (locality J, plate 1). Access was 
granted to the trench for a brief reconnaissance investigation 
of the fault zone. Faults exposed in the trench strike N. 200 E. 
to N. 280 E. and are thus intersected by the trench at low 
angles that are not ideal for graphic representation of offset 
stratigraphic relationships. Figure 11 is a log of the east wall of 
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the central part of the trench sketched from field photographs. 
The trenched deposits are typical of those in the distal parts of 
coalescing alluvial fans in an aggrading alluvial piedmont and 
are characterized by coarse-grained (sand and gravel) mater
ials. In figure 11, lithologic units are grouped according to 
their stratigraphic relationship to major unconformities and 
soils evident in the alluvial-fan sequence. Units are numbered 
from oldest (1) to youngest (4). Minor cut-and-fill features 
(channels) within major units are lettered beginning with the 

j~r-----------------------------------------------------------, Figure 10. Plot of maximum scarp-slope 
angle versus log of scarp height for scarps in the 
Sanford Creek and Race Hollow areas. Labeled 
dashed lines are reference regression lines on data 
from scarps of approximately 10,000 yr (Drum 
Mountains) and 15,000 yr (Bonneville shoreline) 
from Bucknam and Anderson (1979). 
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Figure 11. Schematic log of the central part of the east face of a wood-cnip disposal trench near Panguitch (location J, plate 1). The log was sketched from a 
mosaic of field photographs taken at eye height while standing in the bottom of the trench. The trench wall is not vertical (slopes about 750 away from the camera), 
and the camera angle from the bottom of the trench produces a significant scale inconsistency making unit thicknesses and fault offsets measured from the log less 
than actual dimensions, particularly near the top. This, and the oblique angle between the strike offaults (N. 250 E.) and the trench wall (north-south) account for the 
apparent dip of the faults to the south. Faults actually dip 84 0-890 to the east and are down to the west. The top ofthe trench and basal contact of the uppermost unit 
are approximate because they do not appear on photos used to construct the log. Also, the orientation of the log with respect to the horizontal is approximate and 
dips of beds and slope of the surface measured from the log are not accurate. See text for discussion of stratigraphic and fault relationships. 
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oldest (a). Soils developed on units are designated with an s, 
followed by a parenthetic horizon designation (Bw, Bt, Ck). 

Two faulting events are indicated. They occurred on separ
ate strands of the subvertical fault zone that cuts the nearly 
horizontal strata. Dip separation during the first event is 
about 60 cm distributed between two to three western strands 
of the zone. This deformation is restricted to beds beneath an 
unconformity at the base of unit 3 (figure 11). 

Following the first faulting event, a principal channel 
shifted into the area, removing much of unit 2 from the 
upthrown side and depositing a laterally continuous, coarse
grained channel gravel (unit 3). This channel was then aban
doned and pedogenesis ensued resulting in development of a 
soil consisting of a thin A horizon, a reddish, argillic Bt 
horizon 15-30 cm thick, and an underlying carbonate horizon 
(Bk and Ck horizons) 55-70 cm thick exhibiting stage II-III 
carbonate morphology. This soil is better developed than that 
on unit 1 which predates faulting. In comparing profile char
acteristics ofthe unit 3 soil to soils in the sequence described in 
detail by Machette (I985a) in the Beaver, Utah area, unit 3 
appears to be similar to soils dated at 120-140 Ka. The soil is 
thus probably middle to late Pleistocene (many tens of thou
sands of years) in age. The soil is on the fan surface that has the 
0.8-m-high scarp representing the last surface-faulting event -
an event that clearly postdates the middle to late Pleistocene 
deposit. 

The scarp height of 0.8 m agrees very closely with the 
stratigraphic throw of 85 cm measured across the eastern splay 
ofthe fault zone which displaces unit 3 (the parent material for 
the soil) in the trench (figure 11). That only the youngest of the 
two faulting events seen in the trench is expressed by the 
surface scarp is consistent with evidence of strong erosional 
planation, especially on the upthrown block, prior to deposi
tion of unit 3 and subsequent to the first faulting event (figure 
11). 

The age of the last surface-faulting event is not well con
strained because it is not clear if unit 4 or the soil on unit 3 is 
faulted. In the trench, the scarp had been removed by grading 
and thus its relation to units 3 and 4 is unknown. A steep east 
contact between unit 3 and the lower part of unit 4 can be 
interpreted either as a fault-generated free face or an undercut 
channel margin. If it is a fault-generated free face, the faulting 
postdates principal calcic soil development and cutting of the 
channel. If it is an undercut channel margin, the channel 
cutting postdates principal calcic soil development, but the 
temporal relation between faulting and soil development is 
unknown. Either interpretation would account for the collu
vial wedge containing caliche-cemented gravel which extends 
westward from the steep contact to the base of the channel in 
unit 4 (figure 11). Except for this basal colluvium along the 
east bank, the channel is filled with homogeneous coarse sand 
representing generally lower energy channel fill, perhaps 
derived more from slopewash and bank erosion than from 
channel deposits. A very weakly developed zone of dissemi
nated carbonate is present in unit 4, and soil development 
appears roughly similar to that described in Holocene soils by 
Machette (1985a) in the Beaver, Utah area. This soil and the 
parent materials in which it formed probably postdate the last 
faulting event which, accordingly, is considered to be late 
Pleistocene. 

Because of uncertainties in the relation between soil devel
opment and the last faulting event, little can be concluded 
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regarding the timing of the event and the time between events. 
However, the preservation and linearity of the small (80 cm) 
scarp in the middle to late Pleistocene alluvial surface suggests 
a late Pleistocene age for the last event. Anderson and Rowley 
(1987) report that these faults cut Holocene alluvium in two 
areas where vegetation lineaments are visible in Holocene 
alluvium on trend with the fault. There are no scarps or offset 
beds associated with these lineaments, and we believe they are 
probably a result of ground water concentrated along the late 
Pleistocene faults buried beneath the unfaulted, shallow Hol
ocene alluvium. 

Race Hollow Area 

Pleistocene fan surfaces in the Race Hollow area exhibit 
opposed structural rotations as much as a few degrees away 
from a central graben trending N. 200 E. occupied by Race 
Hollow. The tilted surfaces define a gentle faulted anticline in 
the hanging wall of the Sevier fault. Pleistocene surfaces on 
basalt and pediment gravels in the area south of Panguitch 
reveal a faulted anticline of similar trend and Wagner (1984) 
reports a northeast-trending gentle syncline between Pan
guitch and Panguitch Lake, indicating that the fold in the Race 
Hollow area is not unique. Displacement directions on the 
faults are generally down toward the anticline axis thereby 
counteracting the structural relief due to folding. In general, 
the positive structural relief resulting from the gentle, open 
fold exceeds the negative relief attributable to faulting indicat
ing that folding is an important aspect of Quaternary deforma
tion in the Panguitch area. Scarps in the Race Hollow area are 
as much as 27 m in height and have maximum slope angles that 
range from 80 to 230 (figure 10). The oldest faulted surfaces 
are probably as old as middle Pleistocene. As with the Sanford 
Creek area, the scarps and tilted surfaces are bisected by 
several west-flowing streams that drain from the Sevier Pla
teau into the Sevier River. Each exhibits erosional downcut
ting, the early stages of which may have coincided with folding 
and faulting. Mature calcic soils representing many tens of 
thousands to more than 100,000 years of pedogenesis are on 
the erosionally modified landscape, and in many places these 
soils are buried by Holocene fluvial deposits. Here, radiocar
bon ages reported by Anderson (1980) indicate that burial at 
one locality occurred between 4000 and 5000 years ago. 

About 4 km north of the Bryce Canyon turnoff (intersection 
of Utah Highways 89 and 12), a low-lying, evenly graded 
surface, possibly equivalent in age to the trenched surface at 
Sanford Creek, is displaced vertically less than 1 m. This is the 
only evidence we are aware of that late Pleistocene surface 
faulting as young as the youngest event recorded in the trench 
(locality J, plate 1) may have occurred in the Race Hollow 
area. We infer that the last surface faulting in the area 
occurred during middle to late Pleistocene. 

SEVIER PLATEAU 

In the Sevier Plateau, an east-west-trending scarp on allu
vium parallels Hunt Creek in Johns Valley 27 km east of 
Panguitch and is roughly concordant with an east-west
trending bedrock fault in the area which defines the south 
flank of a large Pleistocene landslide 3 km to the west. 
Although the alluvial scarp parallels a group of stream-terrace 
scarps, it is thought to represent a fault scarp rather than a 
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stream-terrace scarp. The surficial characteristics of the allu
vium above and below the scarp are similar, indicating a 
displaced surface rather than two separate stream terrace sur
faces of different ages. Also, a short parallel scarp of lesser 
height occurs near the west end of the longer scarp, and it dies 
out both east and west in a manner more characteristic of fault 
scarps than stream-terrace scarps. The maximum height of the 
longer scarp is about 1 m, and the degree of degradation of the 
scarp indicates a probable late Pleistocene age. The faulted 
deposits are mapped by Rowley and others (1987) as Pliocene 
and Pleistocene in age. 

Many other parallel scarps are present in the area along 
Hunt Creek, and we consider it possible but unlikely that any 
of the others are fault-related. The mapping by Rowley and 
others (1987) does not identify any Quaternary faults in the 
area, and it is possible that none of the scarps are fault-related. 
However, for the reasons given above, we believe that at least 
the scarps shown should be considered to represent faults, 
pending more detailed investigations. 

SCARPS ON QUATERNARY BASALT 

Our current understanding of long-term displacement rates 
on the several major faults described above is derived largely 
from offsets of age-dated or age-estimated basalts. Parts of 
those faults at or near offset basalts are discriminated separ
ately on the map (plate 1). In addition to main-fault displace
ments, the map shows several clusters of lesser faults that 
displace Quaternary basalts. These are described separately 
here. 

VOLCANO MOUNTAIN NEAR HURRICANE 

Hamblin (1970b) devised a scheme for assigning relative 
ages to basaltic lavas in southwestern Utah and adjacent Ari
zona on the basis of the extent to which they have been modified 
by erosion. Coupled with radiometric dating of some of those 
flows, it is possible to differentiate between two to three 
Quaternary-age groups. W.K. Hamblin (written communica
tion, 1987) utilized this scheme in mapping the St. George and 
Hurricane IS-minute quadrangles where he separated Quater
nary from Tertiary basalts and subdivided Quaternary flows 
into two map units. Faults in Pleistocene basalt at Volcano 
Mountain directly southwest of Hurricane are taken from 
unpublished mapping of Hamblin. The age of last surface 
displacement cannot be constrained more closely than 
Pleistocene. 

NORTH HILLS AND CROSS HOLLOW 
HILLS NEAR CEDAR CITY 

Faults in the North Hills displace basalt down toward the 
axis of a late Cenozoic uplift. The uplift trends north and is 
defined by a series of outward-tilted fault blocks. The dip of 
the basalt (age dated about 1 Ma) is conspicuously less than 
dips in older rocks (Anderson and Mehnert, 1979). On the east 
the basalt dips 100 _15 0 east toward the Hurricane fault and on 
the west the basalt dips westward as much as 300 (Anderson 
and Mehnert, 1979). Because the basalt was probably near 
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horizontal when extruded, most or all of the current physio
graphic expression of the North Hills results from post-l-Ma 
deformation, though the dip of the older rocks indicates there 
was pre-l-Ma deformation as well. The Quaternary part of 
this faulted uplift has a form resembling the faulted Quater
nary folds in the Panguitch area. We assign a middle to late 
Pleistocene age to the last faulting event because it is unreason
able to assume that all deformation ceased prior to about 750 
ka. 

High-angle normal faults in the Cross Hollow Hills cut 
basalt with a reported age (Anderson and Rowley, 1975) sim
ilar to that in the North Hills. Two of these faults are exposed 
in highway excavations along Interstate Highway 15 in the 
topographically low area between the Cross Hollow and 
North Hills. As part of a dam-safety study, faults at the 
southeast margin of the Cross Hollow Hills were trenched 
(Earth Science Associates, 1982), but nothing more definitive 
was found than verification that the basalt is offset. Our map 
shows the location of several short scarps that represent dis
placements in basalt estimated to be less than 10m. Whether 
faults in the Cross Hollow Hills have been active in the late 
Pleistocene is not known. The age oflast surface displacement 
is estimated to be early to middle Pleistocene because we lack 
specific age data on the faulted basalt. 

ENOCH GRABEN 

A basalt flow that yielded an age by the K-Ar method of 
1.28 ± 0.4 Ma (Anderson and Mehnert, 1979) is part of a series 
of Quaternary flows that are offset by several north-striking 
normal faults 5 km north of Enoch. The faults define a narrow 
horst in basalt along the west boundary of the Enoch graben
a feature that is expressed by a combination of faults in allu
vium (discussed previously), faults in basalt, faults in bedrock, 
and aligned cinder cones that surmount the lavas along the 
axis of the graben. Throw of basalt on individual faults ranges 
from 0 to 50 m, but the west-bounding graben fault may have a 
Quaternary throw of more than 50 m. Because some of the 
faults are expressed as scarps on alluvium and are inferred to 
have had late Pleistocene surface offset with good examples in 
the town of Enoch, we infer that displacements of the basalts 
also occurred in the late Pleistocene, and therefore we distrib
ute the 50 m of throw over the past 1.3 m.y. 

NORTHWESTERN KANE COUNTY 

Northeast-striking faults cut Quaternary-age basalts in the 
Bear Creek area of northwestern Kane County. Best and 
others (1980) report a K-Ar age of 0.8 Ma on flows in the 
southern part of the area, with surrounding flows ranging in 
age from 0.36 to 1.4 Ma. Detailed maps of individual flows 
have not been made so the correlation of the age-dated units 
with faulted units is not certain. Faulting is widespread in the 
basalts and photogeologic studies indicate that the uppermost 
flows are displaced in many places but that scarp-slope angles 
are subdued. Cashion (1961) indicates 15 m of throw in the 
basalt. The last displacement is inferred to be middle to late 
Pleistocene in age because of subdued morphology. These 
faults extend beyond the basalts into pre-Quaternary bedrock 
where their traces are marked by surface morphology similar 
to that seen on the basalt, and a similar age of last displace
ment is inferred (plate 1). 
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FAULTS IN PRE-QUATERNARY BEDROCK 

Geomorphic criteria used for assessing or inferring the age 
oflast surface faulting on major faults such as the Washington, 
Hurricane, and Sevier described in foregoing sections are also 
used for smaller unnamed faults in pre-Quaternary bedrock, 
most of which are found on the Markagunt Plateau (plate I). 

MARKAGUNT PLATEAU 

Photogeologic inspection of the Markagunt Plateau reveals 
a conspicuous northeast-trending physiographic grain com
posed of steep-sided sharp-crested ridges, narrow valleys, 
scarps, drainage alignments, elongated closed basins, hillside 
trenches or depressions, and volcanic-cone alignments. The 
grain is least conspicuous or absent in areas covered by Qua
ternary landslides or basalt flows. Some bedrock scarps ter
minate at or are interrupted by cross-strike landslides, indicat
ing that those scarps are older than the landslides. Parts of 
other bedrock scarps are along landslide boundaries, suggest
ing that landslides commonly exploit fault-weakened rock. 

Scarps are especially concentrated in the northwest Marka
gunt Plateau (plate I) where the general physiography suggests 
vigorous erosion of an unstable terrain. Field studies of these 
scarps generally were not made. The apparent age of the 
scarps as determined from air photos varies greatly, and some 
are certainly latest Pleistocene. Though many of the scarps 
mark the surface trace oflarge-displacement bedrock faults, it 
is unclear to what extent the surface instability reflects youth
ful seismogenic faulting versus gravitational spreading and 
(or) collapse. Some of the mapped scarps may be the lateral 
margins oflandslides. The scarps are most common in the part 
of the Markagunt Plateau where Tertiary and older sedimen
tary rocks are overlain by layers of resistant welded ash-flow 
tuffs (Rowley and others, 1978), which is a common environ
ment for landslides and gravity spreading features elsewhere 
on the Colorado Plateau (R.F. Madole, oral communication, 
1988). Because of the varied apparent age and the uncertain 
association to seismicity, the scarps of the northwest Marka
gunt Plateau are all grouped into the middle to late Pleistocene 
category of last surface displacement. Determination of 
whether or not this is an area of concentrated Pleistocene 
tectonic deformation must await detailed studies. 

HILLS BETWEEN PANGUITCH AND HATCH 

The hills west of the Sevier River between Panguitch and 
Hatch are part of the erosionally dissected east flank of the 
east-tilted Markagunt Plateau block (Anderson and others, 
1975). They consist mostly of Sevier River Formation of late 
Tertiary age overlain by basalt that yielded a K-Ar age of 
5.3 ± 0.5 Ma (Harald Mehnert, written communication, 1988). 
Structurally, the hills appear to be the southerly continuation 
of the Quaternary faulted anticline in the Race Hollow area. 
An eastern anticline and a western syncline (plate I), each with 
limbs that have average dips of about 50, are conspicuous in 
the basalt. These structures are east of and parallel to a 
syncline in the Panguitch Lake area reported by Wagner 
(1984). Most fault scarps are on the basalt, some are on the 
Sevier River Formation, and one is on post-basalt alluvium of 
presumed Quaternary age. The scarps strike predominantly 
north-northeast or northwest, and intersect at an axial key
stone graben where they appear to be coeval. Except for the 
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keystone-graben scarps, which are as much as 25 m high, most 
scarps are only a few meters high. Though small, the scarps 
were probably not formed in a single event because they 
appear to be genetically and kinematically related to the folds 
which probably grew over a long period. Here, as in the Race 
Hollow area to the north, the total deformation resulting from 
folding far exceeds that due to faulting. We speculate that 
without the component of uplift associated with the folding, 
much of the area between Panguitch and Hatch would be part 
of the Sevier River Valley and blanketed by Quaternary 
alluvium. 

Though we place the last faulting event in the broad age 
range of middle to late Pleistocene, we strongly suspect that 
deformation continued into the latest Pleistocene and possibly 
into the Holocene. Some drainages are disrupted, as indicated 
by the presence of several closed basins in graben in the area. 
Where the Sevier River crosses the northward projection of 
the anticline axis, its channel pattern is suggestive of a disequil
ibrium condition characteristic of active uplift (David Jor
gensen, oral communication, 1988). This suggests a compo
nent of Holocene uplift. 

The horst in the Sanford Creek area and the faulted folds 
northeast and south of Panguitch are subparallel to the Sevier 
fault, and we suspect that they are genetically related to that 
fault. The clusters of closely spaced scarps probably represent 
faulting with nominal depth penetration and, therefore, nom
inal potential for hazardous seismicity. The folds are the 
predominant structures, and we suspect that they have formed 
aseismically. If the inferred genetic tie to the Sevier fault is 
correct, the chief importance of the faulted folds from the 
standpoint of seismic hazards is that they suggest significant 
middle to late Pleistocene deformation on that large fault. 

QUATERNARY STRUCTURES INFERRED 
TO BE NONSEISMOGENIC 

Several Quaternary features, including the most conspicu
ous indications of Holocene surface disruption and volcanism 
in the quadrangle, are interpreted to be nonseismogenic, or at 
least incapable of generating large surface-faulting earth
quakes. Though it may appear unorthodox to devote consid
erable space to describing probable non-seismogenic features, 
we believe that their preclusion from seismic hazards evalua
tions is important for avoiding an overestimate of the seismic 
potential. 

DEFORMED GRAVELS BETWEEN THE 
WASHINGTON AND HARRISBURG DOMES 

The Washington and Harrisburg Domes, located southwest 
o~ Hurricane, are two of several northeast-trending structural 
hIghs .along the axis of the Virgin anticline in the St. George
Washmgton area. The Virgin River flows west between the 
t~o domes. In an area of about 1 km2 between the Virgin 
RIver and the exposed bedrock forming the northeast end of 
the Washington Dome (locality K, plate I), a thick sequence of 
gravels and sands is faulted and tilted to dips averaging about 
200 but as much as 800 near the faults. Igneous-rock clasts in 
the gravels are exclusively basalt and latite porphyry. Whole
rock K-Ar age determinations of two basalt clasts are 1.3 + 0.2 
and 1.6 ± 0.4 Ma (Harald Mehnert, written communic~ion 
1988), indicating that these clasts are derived from terrain 
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containing early Pleistocene basalt flows. The Pine Valley 
Mountains 15-20 km to the north represent the only potential 
source of this two-type igneous-clast assemblage. The atti
tudes of bedding in the gravels suggest a southwest-facing nose 
of a fold, but dip directions are variable. Subsurface projec
tion of the gravel attitudes suggests that the beds dip into the 
oppositely dipping Permian and Triassic rocks that form the 
northeast nose of the Washington Dome. The structural 
relationships require some kind of accommodating structure 
separating the oppositely dipping strata. The gravels are many 
tens of meters thick, though there may be some repetition due 
to faulting. There is at least one and probably two angular 
unconformities in the gravels suggesting syndepositional de
formation. Because we do not recognize similar gravels else
where in the area, we believe that they are restricted to a highly 
localized depocenter resulting from subsidence accompanying 
dissolution of subsurface evaporites whose presence can be 
predicted in the structural low between the domes. 

SCARPS IN THE HURRICANE 
CLIFFS AT BRAFFITS CREEK 

In the Cedar City-Parowan monocline, the complex assem
blage of locally derived debris-flow and landslide deposits 
records major deformation of probable late Tertiary age. 
These stratigraphically and structurally complex deposits are 
further complicated by a second generation of currently active 
landsliding and by numerous faults, some with conspicuous 
scarps. Nowhere in the monocline are the details of the com-
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plexities better exposed than along the West Fork of Braffits 
Creek where a spectacular episode of modern erosional down
cutting has formed an inner gorge (figure 12) with about 5 km 
of nearly continuous exposure. Physiographic evidence for 
youthful deformation as well as cross-sectional sketches of the 
Braffits Creek area were reported by Anderson and Bucknam 
(I 979b ) and radiometric evidence for Holocene faulting was 
reported by Anderson (1980). Fault-slip and geodetic studies 
conducted since those reports highlight the importance of 
lateral motions in shaping the complex structural picture in 
the Braffits Creek area. Inner-gorge exposures reveal many 
faults, some within a single lithologic unit and others juxtapos
ing units of highly contrasting lithology. Many faults have 
well-developed subhorizontal striations. Unfortunately, the 
faulted units are not part of an orderly succession with good
quality marker beds allowing for the determination of dis
placement magnitUdes. Gouge zones are common and are as 
much as 50 cm wide, suggesting displacements in the range of 
tens to hundreds of meters on some of the strike-slip faults. 

Of possible special significance are fault-slip data from an 
exposure where 14C age data indicate late Holocene faulting 
(figure 13). The main high-angle fault separating the flat-lying 
Holocene alluvium from the faulted and tilted older sediments 
was previously interpreted as a reverse fault (Anderson, 1980). 
Although slip lineations were not found on this main fault, 
they were found on a minor splay fault and on two small faults 
within 1 m east of the main fault (marked G and F in figure 13). 
All of the slip data indicate predominately strike-slip motion. 
Also, striae indicating predominately strike-slip motion were 

Figure 11. Cross sectional sketch showing reconstructed paleosurface (dashed line) that may have existed at the time a fence was constructed around 1920 in 
contrast to existing grade (heavy solid line) across part of inner gorge of Braffits Creek. The restored wires and posts are still connected and currently rest on the 
existing grade. It is reasonable to estimate 20 m of erosional downcutting in 60-70 years. This rapid erosion has stimulated numerous small landslides and slumps along 
the flanks of the gorge. 
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found on three faults that parallel the main fault and have 
significant apparent displacement (B, C, and D, figure 13). A 
component of dextral slip approximately colinear with that of 
faults B, C, and D is inferred for the main fault based on the 
sense of stratal drag of beds in the hanging wall. The inferred 
slip sense is thus normal dextral which is consistent with the 
absence of compression-related minor structures that would 
be expected in the mechanically weak unconsolidated Holo
cene alluvium west of the main fault if main-fault displacement 
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sense were reverse as reported earlier. Normal-dextral dis
placement on the main fault introduces the possibility that the 
Holocene channel-fill deposits in the hanging wall are correla
tive with those of the footwall, as indicated by the similar 14C 

ages from these deposits (figure 13), rather than being depos
ited at different times separated by an episode of faulting, 
erosion, and deposition as inferred earlier (Anderson, 1980). 
The earlier interpretation was made prior to measurement of 
slip lines on the faults and is in conflict with the age data. 

Figure 13. Sketch looking south-southeast at exposure along West Fork Braffits Creek about 2.5 km south of confluence with East Fork. The internally faulted 
sediments consist of well-bedded pale-red silt, sand, and gravel that have an average attitude of N 20° E., 55° SE. (trace of bedding indicated by form lines). These 
sediments consist of a relatively homogeneous clast assemblage derived from lower Tertiary sedimentary rocks. They are sheared and brecciated and are in high-angle 
contact (fault labeled A) with flat-lying heterogeneous alluvium to the west of man and are channeled and filled by coarse alluvial debris to the east of man. Large 
labelled dots are sample sites for which radiocarbon ages are shown at end of leaders (Anderson, 1980). Faults labeled B, C, and D are conspicuous shears with 
orientations similar to that offault A as shown in the inset lower-hemisphere projection. The shafts of the labeled arrows represent strial in the respective faults. No 
striations were found on fault A. Striations on small-displacement microfaults directly east offault A (E, F, and G shown by dashed lines and labeled arrows in inset) 
indicate a major component of strike slip. Together the age and fault-slip data support the inference of important Holocene dextral slip on fault A. 
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In October 1977, a geodetic network was installed across 
Braffits Creek between the two localities marked L (plate 1) for 
the purpose of monitoring the apparently large young strain 
indicated by landforms in the area. The network consists of an 
eight-station set of bridged quadrilaterals. It is about 1 X 4 km 
with the long dimension oriented northwest (figure 14). Sta
tions 1 and 2 of the network are on alluvial fans 400 and 600 m, 
respectively, northwest of the bedrock base of the Hurricane 
Cliffs. They constitute a basin-range base line to which any 
position shifts of other stations in the network can be com
pared. Station 7 is located on Cretaceous sedimentary rocks 
where good exposures preclude significant fault or fold 
deformation over an area about 1 X 3 km. Any position shift 
of station 7 relative to the base line should represent movement 
of a large coherent block with a thickness of at least 1 km. 
Stations 3 through 6 are located at topographic high points on 
Cenozoic volcanic rocks interpreted to represent separate bed
rock blocks. These bedrock blocks are part of the intensely 
deformed terrane referred to above and are probably separ
ated from one another by faults or fault systems. Station 8 is 
located on a slightly deformed part of the same structural 
block of Cretaceous sedimentary rocks that contains station 7. 
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The eight-station network was re-surveyed from October 
5-9, 1981, approximately 4 years after it was established. Sig
nificant changes in relative horizontal and vertical position of 
the stations occurred between 1977 and 1981 assuming sta
tions 1 and 2 are fixed to avoid rotational error from being 
introduced into the 1981 adjustments. Station 6 shows the 
largest position shift of 39.15 mm. The relative position shifts 
of stations 3 through 8 are shown graphically in figure 14 
where the relative shifts, which are all southerly, are greatly 
magnified on a planimetric plot of the network. Because the 
position shifts are in a direction opposite to the topographic 
gradient, gravity sliding is precluded as an explanation and 
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tectonic deformation is indicated. Lateral shifts ofthis magni
tude are consistent with widespread evidence of strike-slip 
faulting in the Braffits Creek area and with the inferred large
magnitude late Holocene dextral slip on at least one fault. A 
displacement rate of 10 mm/ yr similar to the maximum geo
detic signature is reasonable for the Holocene fault. 

Recognition of lateral displacements in the Cedar City
Parowan monocline is a complicating rather than clarifying 
factor. No single deformational model seems capable of inte
grating all aspects ofthe neotectonic deformation. Horizontal 
displacements are recognized in the earthquake and fault-slip 
records of the central Sevier Valley area, Utah (Anderson and 
Barnhard, 1987; Arabasz and Julander, 1986), where locally 
they dominate those records. There, also, the horizontal dis
placements complicate rather than clarify the neotectonic 
picture. 

The high deformation rates in the Braffits Creek area indi
cated by surface disruption (Anderson and Bucknam, 1979b), 
faulted late Holocene deposits, and geodetic measurements 
are apparently unaccompanied by seismicity above a back
ground threshold of about ML 3.0. Though critical data are 
lacking, landforms throughout much of the Markagunt Pla-

~ Figure 14. Diagram showing horizontal 

2.2 

distribution of eight-station trilateration net
work established in 1977 in the Hurricane Cliffs 
across Braffits Creek between the two localities 
marked L (plate 1). Light-weight arrows and 
adjacent numbers give azimuth and magnitude 
(arrow length in cm) of position shifts of stations 
3 through 8 relative to stations 1 and 2 between 
October 1977 and October 1981. Note that 
station 7 showed no shift relative to stations 1 and 
2, suggesting that a corridor across a strain field is 

"7 captured within the network. 

teau suggest that high rates of relatively aseismic deformation 
may be widespread. Graben and closed basins along the 
Hurricane Cliffs may reflect tensional collapse of the flanks of 
a rising and spreading monocline or simply spreading in the 
margins of the rapidly rising Markagunt Plateau block. If so, 
most of this deformation is probably a superficial (thin
skinned) extensional response to major block uplift and would 
appear aseismic at fairly low thresholds. If, on the basis of 
geodetic data, the strike-slip faulting is to be considered tec
tonic in nature, its lack of accompanying seismicity suggests 
that it too is probably thin-skinned - perhaps a' shallow, 
brittle, response to lateral ductile flow. 
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SCARPS ALONG THE SEVIER FAULT 
NEAR ALTON 

North and I1IJrtheast of Alton the trace of the Sevier fault is a 
southeast-facing obsequent fault-line scarp (locality M, plate 
I). This unique physiography results from the Cretaceous 
rocks in the upthrown block being less resistant to erosion 
than the Tertiary and Quaternary rocks of the downthrown 
(western) block. In fact, fault-front deposits of colluvium and 
conglomerate mapped by Doelling and Davis (1989) as Qua
ternary alluvial gravels are unusually well indurated (possibly 
as a result of ancient mineralizing ground-water discharges 
along the Sevier fault) making them more resistant to erosion 
than the underlying Tertiary strata. These Quaternary depos
its commonly form a conspicuous cap rock (figure IS) and have 
probably contributed significantly to the reversal of topo
graphy along the fault by retarding erosional downcutting of 
the downthrown block. 

Figure 15. View uphill and northwest from point marked by A in figure 168 
showing highly indurated resistant coarse fault-front colluvium of probable 
Pleistocene age. The colluvium is on the downthrown side of the S evier fault but 
is well exposed here, owing to the development of an obsequent fault-line scarp. 
The photographer is standing on the mam fault trace. 

Within the uneven topography of the obsequent scarp, a 
very conspicuous west- (uphill-) facing scarp 2 km long and as 
much as 4.8 m high is found on the main trace of the Sevier 
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fault. The scarp is formed on well-lithified conglomerate or 
breccia containing angular clasts of yellowish-gray and 
pinkish-gray sandstone. The origin and age of the conglomer
ate are not known. Where the scarp is more than about 2 m 
high, its lower part is formed on greenish-brown silty shale or 
medium-grained sandstone of probable Cretaceous age. In 
profile, the scarp is conspicuously compound with the lower 
part steepest (figure 16A). At one locality along the scarp, the 
uphill-side-down displacement sense has produced a small 
sediment trap (figure 16B). Scarps on transverse ridges to the 
south of the sediment trap (figure 16A and 16C) are between 4 
and 5 m high, and we infer this to be the maximum depth of 
closure of the trap. Currently, the trap is not filled with 
sediment and has about I m of topographic closure over an 
area of about 1.6 X 103 m2• Uphill-side-down scarps extend 
away from the trap along the fault trace and serve to funnel all 
erosional detritus, including debris-flow deposits, from an 
area of about 40 X 103 m2 into the small trap. Because it is not 
filled with sediment, we estimate that the trap and the scarp 
bounding it are only a few thousand years old. 

The possibility exists that there is little or no tectonic throw 
associated with formation of the uphill-facing scarp. If 
straight-line segments of the crestlines of ridges that are trans
verse to and cut by the scarp (well-illustrated in figure 16C) are 
projected across the scarp they show approximate concor
dancy. If it is assumed that the crestline had relatively constant 
slopes prior to scarp formation, the scarp may simply be the 
east boundary of a narrow zone of asymmetric subsidence 
aligned along the main trace of the Sevier fault. Though 
crestline projections cannot be made so accurately as to pre
clude tectonic throw, we assume that little, if any, of the 
approximately 5-m-high scarp reflects tectonic throw. An 
important implication to this assumption is that the scarp 
probably does not reflect earthquake-related surface faulting. 
Regardless, it would be highly anomalous to restrict 5 m of 
seismogenic surface faulting to a 2-km-Iong segment of a 
through-going major block-bounding fault presumed to ex
tend to depths of IS km or so (Arabasz and lulander, 1986; 
Anderson and Barnhard, 1987). 

Instead, we suspect that the scarp was caused by gravity
driven yielding of mechanically weak Cretaceous rocks east of 
the fault . The rapid erosional downcutting that produced the 
obsequent main scarp created a fault-parallel ridge with the 
trace of the Sevier fault in the eastern ridge flank. Uphill-facing 
scarps caused by gravity-driven yielding of oversteepened 
ridges are common (Beck, 1968; Radbruch-Hall and others, 
1977) and have a sound mechanical basis (W.Z. Savage, 
written communication, 1988). Landslides are widespread in 
the nearly flat-lying Cretaceous rocks east of the fault (Doel
ling and Davis, 1989), attesting to the susceptibility of those 
rocks to gravity-driven mass movement. We suspect that the 
damage zone of the Sevier fault served as a steep breakaway 
boundary for minor lateral bedding-parallel shifting of a rock 
mass less than 100 m thick, and that the scarp results from 
asymmetric collapse associated with the lateral shift. That 
gravitational stresses and pore pressures could have existed at 
levels high enough to satisfy bedding-parallel yield conditions 
in the Cretaceous rocks is, of course, inferred. A similar linear 
trough parallel to the Sevier fault occurs in less steep landslide 
terrain east of Black Mountain about IS km to the south. This 
trough is less well-defined and more obviously the result of 
landsliding, but it provides further evidence for gravity-driven 
mechanisms in the area. 
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w Fi8ure 16. A) Profile sketches of uphill
facing (west) scarps along ridges cut by the main 
trace of the Sevier fault. The ridges are identified 
as A and B in figure 16C, corresponding to the 
profile labels; vertical and horizontal scales 
(meters) are equal. B) View south-southwest 
along the surface trace of the Sevier fault north of 
Alton showing the irregular topography 
characteristic of the east-facing obsequent fault
line scarp in this area. Photographer is standing 
on the main trace. The line of tree shadows cast 
onto the floor of a small closed depression 
(sediment trap) in the center of the photo 
conspicuously marks the trace of the uphill-side
down scarp. The photos in figures /4 and I 6C are 
taken from point marked by A. The cliff face in 
figure 15 is seen upslope (west) from the closed 
depression. C) Looking south-southwest along 
trace of Sevier fault from point marked by A in 
figure 16B showing profiles of back-lighted ridge 
crests cut by fault. Note that the uphill-facing 
scarps at A and B mark the east boundary of/ow 
parts of the ridge crests across which the ridge 
crests can be projected as apparent prefaulting 
continuous lines. 
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BASALTIC VOLCANIC VENTS 

Rocks younger than 5 Ma of primarily basaltic composition 
are exposed within a northeast-trending zone referred to as the 
St. George zone by Smith and Luedke (1984). Many flows in 
the zone are surmounted by cinder cones. On the basis of cone 
morphology, most are certainly Quaternary but some may be 
as old as latest Tertiary. Plate I shows the location of known 
or inferred Quaternary-age basaltic vents based on published 
compilations (Luedke and Smith, 1978; Hamblin, 1 970b; 
Hintze, 1980), unpublished mapping in the St. George and 
Hurricane quadrangles by W.K. Hamblin, and photogeologic 
study by the writers. The choice to include a comprehensive 
compilation of Quaternary vents on the map is guided by the 
suggestion of Koons (1945) that alignments of basaltic vents of 
Quaternary age in Arizona are structurally controlled. 

Whole-rock analyses of major elements (Best and Brimhall, 
1974) and trace-element patterns (Fitton and James, 1986) of 
latest Cenozoic mafic lavas from the transition zone in 
southwestern Utah and adjacent Arizona indicate that the 
magmas were derived from lithospheric mantle. The role of 
crystal fractionation during magma ascent or during residence 
in crustal chambers in producing observed chemical variations 
is thought to be small (Best and Brimhall, 1974). Chemical 
variations are inferred to have resulted mainly from partial 
melting in the lithospheric mantle. On the basis of these 
petrogenetic interpretations, it is reasonable to assume that 
eruptions originated at great depths and that magmas 
ascended through the entire crust. Preferential orientations of 
dike swarms or alignments of volcanic centers should, there
fore, reflect deeply penetrating fracture systems that served as 
channelways for magma escape. 

There are eight alignments of Quaternary volcanic vents in 
the Cedar City quadrangle that can be confidently identified. 
They are enclosed within whole brackets near their termina
tions on plate 1. The alignments include from 3 to 28 vents and 
range in length from 2.5 to 11.5 km. Additional vents are 
positioned at widely spaced intervals on or approximately on 
the projection of three ofthose alignments (marked by incom
plete bracket on plate I). Inclusion of the less-confident 
members raises the number enclosed by a single alignment to 
32 vents and the maximum alignment length to 37 km. 

The shortest alignment is the three-cone group along the 
axis of the northeast-trending Enoch graben. Because this 
graben is formed in locally derived Quaternary basalt, a high 
degree of confidence is attached to the structural significance 
of the axially positioned short cone alignment. 

The most conspicuous alignment of Quaternary basaltic 
vents is the 28-member group at Little Creek Mountain south
east of Hurricane. This 8-km-long group consists of two 
closely spaced alignments with an average trend ofN. 400 W. 
Some centers are low, gently sloping lava mounds flanked or 
partially flanked by aprons of scoria and volcanic bombs. The 
cones and mounds in this alignment exhibit similar degrees of 
erosional modification, suggesting that they erupted quasi
simultaneously, probably from a single magmatic source. 
Most of the vents in the group represent eruptions of very 
small volume. The two largest-volume vents are marked by 
conspicuous cones whose volumes may have special structural 
significance. One is located along Gould Creek at the north
west end of the alignment at an elevation 250 m lower than those 
on Little Creek Mountain. This cone is built on several lava 
flows that erupted from the vent and flowed as much as 7 km 
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westward toward the Hurricane Cliffs, exceeding in total 
volume the eruptions from the remainder of the aligned vents. 
These large-volume eruptions from the topographically lowest 
point in the alignment suggest integrated magmatic geopres
sure over the length of the alignment. The second-largest cone 
is located at the intersection of the alignment with a northeast
striking steep fault, suggesting enhancement of magma ascent 
by the damage zone of the cross fault. Steep-walled canyons 
cut into Little Creek Mountain as well as its plateau-like edges 
provide excellent exposures of pre-basalt rocks transverse to 
the aligned vents. The eruptions were controlled by a vertical 
joint striking N. 400 W. along which there is no shear dis
placement. A 3-m-wide basalt dike fills the joint at one locality 
but elsewhere there is no indication of significant dilational 
strain resulting in the formation of dikes or veins. Either the 
walls of the joint closed following eruptions or many small 
tube-like channelways are buried beneath the vents. We con
clude that these eruptions were not accompanied by synvol
canic faulting or hazardous levels of seismicity. 

On the Skutumpah Terrace east of Glendale and Orderville, 
three basaltic cones form conspicuous landmarks: Buck 
Knoll, Black Knoll, and Bald Knoll (plate I). None are on 
mapped faults, though Bald Knoll, the eastern one, is within 
0.5 km of the projected trace of a mapped fault (Doelling and 
Davis, 1989). Black Knoll is near the northeast termination of 
a major steep joint that is part of an extensive, young, north
east-striking joint system rendered conspicuous by spectacular 
erosional etching of Navajo Sandstone (figure 17). As with the 
joint at Little Creek Mountain, excellent exposures show that 
there is no shear displacement or significant permanent dilata
tional strain at the joint. We assume that eruptions at Black 
Knoll were not accompanied by faulting or significant seismic-

Figure 17. Photo looking southwest across canyon in headwater area of 
Kanab Creek about 4 km southwest of Black Knoll showing joint-controlled 
erosional notches in Navajo Sandstone. Thejoint that controls the notch on the 
right can be traced 10 km to the southwest from here. To the northeast, it 
projects into the volcanic cone at Black Knoll. 
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ity. Buck Knoll is probably also on a joint as indicated by a 
lack of fault displacement and the presence of aligned vegeta
tion north of the cone. Thus, even some individual cones 
appear to be joint controlled. 

Aligned vents in the Cedar City quadrangle are generally not 
on mapped faults. For those aligned along northeast trends, 
parallel-striking faults of known or inferred Quaternary age 
cut adjacent rocks or rocks along the projection of the aligned 
vents. The northwest-aligned vents at Little Creek Mountain 
have no parallel-striking Quaternary faults nearby, but the 
north-northwest-aligned vents on the Uinkaret Plateau in the 
adjacent part of Arizona are paralleled by faults, some of 
which have been active during Quaternary time (Koons, 1945). 
As with the vents on the Markagunt Plateau, those that form 
alignments on the Uinkaret are not located along mapped 
faults. Also, aligned and indistinctly aligned cinder cones in 
the region north of St. George generally are not located on 
mapped faults. This general lack of association of Quaternary 
volcanism with faults, together with direct evidence for joint
controlled volcanism, leads us to speculate that Quaternary 
volcanism in the Cedar City quadrangle was generally not 
accompanied by seismogenic faulting at hazardous levels. 

SUMMARY 

The principal through-going Quaternary structures in the 
Cedar City quadrangle are the Sevier fault and the Hurricane 
fault. Both are generally north-northeast-striking normal 
faults and are spacially and temporally associated with local 
smaller scale faulting and folding on the hanging wall (down-
thrown) blocks. The Hurricane fault has greater long-term slip 
rates and activity than the Sevier fault, although both have 
been active in the late Pleistocene. Probable late Pleistocene 
scarps on alluvium and pediment/ colluvial deposits are on the 
Hurricane fault, but no scarps on alluvium are on the Sevier 
fault. Late Pleistocene displacement on the Sevier fault is 
inferred solely from indirect geomorphic evidence and from 
presumed age protraction of many small displacements to 
produce large offsets in basalt of middle Pleistocene age. 

Other major structures in the quadrangle are less continu
ous, shorter, and generally older. The Gunlock fault has been 
relatively inactive, with the last movement occurring during 
early to middle Pleistocene time. This fault represents the 
short northern part ofthe larger Grand Wash fault system in 
Arizona and is the only part within Utah of this long fault 
system which shows evidence for Quaternary movement. The 
Washington fault likewise extends northward into Utah from 
Arizona, but in Utah it is generally a middle to late Pleistocene 
structure with local evidence for late Pleistocene displacement 
near Warner Ridge. The Antelope Range fault which bounds 
the eastern edge of the Escalante Desert has scarps on allu
vium. Even though recurrent movement on this generally 
active mountain front has occurred in the past, this fault is 
considered to have been quiescent during Holocene time 
because of the advanced state of degradation of the scarps. 

Many other Quaternary structures occur in the quadrangle. 
Most trend north-northeast parallel to major structures, but a 
few isolated features trend east-west. The youngest surface
faulting events are in the northern part of the quadrangle: (1) 
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north of Cedar City in the Enoch-Parowan Valley area, (2) in 
the northern Escalante Desert, and (3) in the Sevier Valley 
north of Panguitch. Scarp profiles and exposures in the 
Enoch-Parowan Valley area indicate a latest Pleistocene (pos
sible Holocene) age for some scarps. To the west in the 
Escalante Desert near Zane and A von, and north of Panquitch 
in the Sanford Creek area, faults with possible late Pleistocene 
displacement are found. 

POTENTIAL FOR SURFACE FAULTING 

Our assessment of the potential for surface rupture on faults 
in the Cedar City quadrangle is a qualitative one based solely 
on geologic information regarding Quaternary faulting. No 
attempt is made to quantify overall probabilities for the area 
based either on an analysis of historical seismicity or on a 
relationship between long-term geologic slip rates and seismic 
moment rates. Such analyses for southwestern Utah, done for 
an area about twice as large as the Cedar City quadrangle 
which includes the more active Richfield area, indicate an 
estimated recurrence for an ML 7.0-7.5 earthquake somewhere 
in the region of 200-500 years based on historical seismicity 
(Earth Science Associates, 1982) and 200-600 years based on 
geologically determined moment rates (Doser and Smith, 
1982). These analyses, however, do not address the specific 
likelihood of a surface-faulting event at a particular place on a 
fault. 

Although no coseismic surface faulting has been reported 
during historical time in the Cedar City quadrangle, many 
faults are present on which surface faulting has occurred 
repeatedly during late Quaternary time. Detailed investiga
tions have not been undertaken to evaluate the time of last 
movement, recurrence intervals, displacement per event, and 
segmentation of these faults; studies of this type are neces
sary to fully evaluate the likelihood of surface faulting. Our 
preliminary assessment based on these reconnaissance investi
gations is that the likelihood of surface faulting on any particu
lar fault in the quadrangle is relatively low. Although long
term slip rates on some faults are high and within an order of 
magnitUde of the more active Wasatch fault, these faults have 
had little, if any, displacement during Holocene time. Little 
data are available regarding the amount of offset during indi
vidual surface-faulting events on major faults. Trenching 
studies on the Washington fault indicate that offsets exceeding 
I m may have occurred during single events. On minor faults 
such as those near Panquitch at Sanford Creek, the offset per 
event was less than 1 m. 

Variations in trend, prominent cross-structures, and struc
tural-inheritance features along major faults indicate that 
segments with independent faulting histories may be defined 
with further work. We found no obvious differences in appar
ent time of last movement on individual faults, but this is 
probably because of the long elapsed time since the last event. 
Unfortunately, the major faults have few sites where detailed 
trenching studies are likely to yield reliable data that would 
define recurrence intervals and the timing of the last event. 

No faults in this quadrangle show evidence for repeated 
surface rupture during Holocene time, similar to the Wasatch 
fault in northern Utah. The faults with evidence for most 
recent movement are generally short, discontinuous, and do 
not bound major range fronts. The Hurricane and Paragonah 
faults probably pose the greatest threat for generating a large
magnitude surface-faulting earthquake in a populated area. 
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Their relatively high long-term slip rates contrast with the 
general lack of evidence for recurrent Holocene movement. 
The slip rates indicate that for thousand-year-plus exposure 
times the probability of a large-magnitude surface-faulting 
earthquake is relatively high. Although it is possible that a 
surface-faulting earthquake could occur on any fault at any 
time, the apparent long recurrence intervals and lack of activ
ity during the Holocene indicate that the probability of a large 
surface-faulting earthquake at a particular point on any of 
these faults within the time frame generally considered for 
most engineering works (50-100 years) is low, particularly 
relative to the Wasatch fault and others in northern Utah. 
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