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Introduction 

% structural geology in an area of southwestern Utah 
s'Vred at Milford (Fig. 1) includes several features that 
S" '̂ from the siiriplef pattern to the north. 

i South of the north end ofthe Mineral Range the craton-
ward edge of the fold and'thriist belt includes a wide 
and fairly well defined disturbed belt east of the major 
thrust(s); northward the leading, or erosional, edge of 
ihe major thrtists generally are the easternmost struc­
tures of the fold and thrust belt. • - • . •-. 

' Bisiit atid Range block fault trends are subparallel tiD 
fold and thrust belt structures of Sevier orogeny vintage 
north of Black Rock, but are diagonal for rnore than 
100 kms to the .south. - ,'• . , .., 

" N'orth of the Mineral Range normal faults marked by 
I major displacements occur at or west of the cratonward 

"k fJge of the fold and thrust belt, whereas for some dis-
'M lance south major normal faults invade the shelf. This is 

I particularly true for those faults .that are associated, with 
I gnbens deeply filled with GenozoicsediJTients. 
I -5 Milford lies in, a transverse igfieous zone that extends/ 

.^ westward from the Tushar Mountains across both the 
I Basin and Range andfold and thrust belt structure's into 
f and across southern Nevada. The zone, is defined by 
I thick Tertiai-y silicious volcanics. This zone is probably' 
I structurally controlled'and includes quartz monzonite 
1 and granodiorite stocks with associated mineralization. 
I "> Finally, the interrnountain seismic belt, which coincides 
4 with the Wasatch line at the eastern edge of the over-
i thrust belt and Basin and Range province to the north,'' 
I turns westward in the vicinity of Milford and extends 
I across Nevada. 

A '"t above generalizations are subject, to modification as 
> lliiius are assembled into a regional picture. The several 

-tt-tts however; seem to point to the conclusion that the 
Ŝ 'ord area is critical to the understanding of past and present 
C Sanal tectonics at the eastern edge of the Great Basin-; ' 

Prominent Structural Features ^ 

n̂ iurbed Belt; - The disturbed belt is a iransitiori zone be-
>"̂ n the undeformed strata of the "shelf, the plains and 
«• 'au provinces, and the severely deformed rocks of the fold 

'î i ihrjst helt. In southwestern,Utah the boundary between , 

the disturbed belt and the main fold and thrusit belt may be 
defined as the trace of the easternmost thrust which places 
Cambrian or Eocartibrian rocks over younger strata^ The width 
of the disturbed belt varies from near zero to many tens of 
kms. There appears to be a cori-elation between the width of 
the belt and the occurrence of a stratigraphic section rnarked 
by stroiig mechanical anisotropy, for example, the,coincidence 
in the Appalachians of the wide disturbed belt in the Pennsyl­
vanian salient and the distribution of Salina Salt (Frey, 1973). • 

North of the,Mineral Range a major thrust in the Pavant 
Range places Lower Cambrian, Prospect Mountain Quartzite 
over Jurassic Navajo Sandstone. Navajo is exposed in a window 

: formed in the tilted up western edge of the range (Hickcox, 
1971), Theleading edge of the thrust is, however, covered by 
latest Cretaceous and Cenozoic deposits, but must lie some­
where beneath the e3.stern flank of the Pavant Range or be­
neath Sevier Valley; deformation genetically related to fold 
and thrust belt development is not observed at the western 
edge of the Fish-Lake Plateau bordering Sevier Valley on the 
east. Tlrus, the maximum width of the, disturbed belt is 18 
kms. A geometric' reconstruction suggests to Hickcox (1971) 
that the eastern edge of the Pavant thrust is iri, the order of 10 
kms east of the Upper Cretaceous ovetlap. Any distiirbed belt 

'development must occur in a narrow band. 
Tlie eastern edge of, the fold and thrust belt' is offset west­

ward between the south end of the Pavant Range and the San 
. Francisco Mountains, where' Prospect Mountairi and Eocam­
brian quartzites are thrust over Upper Cambrian limestones 
(East, 1966):_ This major thrust(,s) wherein the Prospect 
Mountaiii structurally overlies rocks as young as Pennsylvanian 
can be, traced southwestward througli the southern Wah Wah 
Mountains (Miller, -1966), and beyond into southeastern 
Nevada. TlVe sole of the f lirust plate persists at a shaly zone 
near the base of the Prospect Mountain Quartzite throughout 
this extent, as Well as in the Pavant Range. The constancy of 
•this stratigraphic zone at the.sole of the thrust plate, together 
with the large, stratigraphic offset across the faul t(s), marks 
this structure as the eastern edge of major overthrusting. 

Southward from the offset zone, scattered outcrops of 
deformed. Paleozbic and Mesozoic rocjcs express a wide dis­
turbed belt. Disturbed belt rocks are ob.served in the Beaver 
Lake Mountains (Barosh, 1960), the Rocky Range, the Star 
Range (Baer, .1962), the Southern San Francisco Mountains, 
.southern Wah. Wah Range, Blue Mountain, the Mineral 
Mountains (Earll, 1957), northcentral Black Mountains, the 
Iron Springs mining district west of Cedar City (Mackin, 
1947), and 'in.the Bull Valley district. Exposed rocks are 
generally-.Upper'Pate'ozoic and Mesozoic in age and exhibit 
folds and thrusts, and merely tilted sections where the outcrop 
is areally iithited. The exception is at Blue Mountain where 
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'"•iia is old as Middle Cambrian are thrust over Jurassic 
^^ajoSdiidstone (Miller, 1966),- . .; , . 

h miglit be argiied.that the upturned Late Paleozoic and 
*'fso/oic strkta.dbserved on ;both,-the east and west flanks of . 
"i" Mineral Range: pluton resulted from forceful intrusion.. 
^Hril points may: be advanced-against this, argument. First", 
ih coniict between igneous and.sedimentary rocks alongthe 
•tytheast flank of the. Mineral Molintains is clearly discordant 
'̂ Jiil 195,7). Condie (i960) develops a case for grahitizatioh 
'''her than. magmatic.: injection.•,'Structural trends continue 
•̂ iii-ihward in,,unbroken exposures- into the southernmost end 
•tJ iiie Mineral Range .and the ripfth-central Black Mountains, 
f t oj the area of the; pIuton.,Finally, these structures are on 
tod with the thrustedfoldin thejrbh Springs district.' 

Detormiition within this.'zone, shows the fransitionalchar-
T-fer tvpicarbf'disturbed belts,wit;lr close.folding and complex 
''•^^htate-thrusting, immediately .beneath the leading-major 
*^M ind grading':td gentler defofmatibii at the boundary 
•̂  in undefbr'med shelf strata:' A. section' through the southern 
'̂ •Sii Wahs, Blue'Mountain, ahd-.tlie Iron Springs'-district illus-,. 
'̂ Jits the transitional nature ofthe deformation. Moreover, 
&' observed structures^ may,, be' recbnciled' with' another 
•̂ .sti re typical bf disturbed belts, namely a wedge-shapedde-
'inied body wher'ein a 'thick'^section is involved in deforma-, 
KT lie ir, the • major ••-thrusts, and •wedgei?,, out to ohiy.-a thin 
•'lormed-sectionj>';cdmpfised of,the ;youngest ,rbGkSi at the 

vJHoinsdrd edge.:,The exposed section iri the-southern Wah 
sii Mountains; .beneath.-the, Prospect Mountain Quartzite at 

a** sole of thc-niajor-thrust-,-includes strata that range-in age -
fro 11 Middle; Cambrian,, through-Jurassic,- whereas the rocks 
'̂ 'fohcd in thrusting,and folding,in the,Iron;Springs district 
<-* tcstiicted to.the. Cretaceous and Jurassic section above the 
^f"*^ijoSandstone,(Mackin,'1947>••''v ., , • ••• 7-.'..-••-': 

Width of the/disturbed belt- between the Wah 'Wah thrust 
lai she eastern.'edge of the Iroir Springs district, is more than 
' J N i n s , , , - • , - . , : , . - ' i . ' - , . , ' . , - . > : ^ . - - , v • • - ; • , - • , . , • • • , , 

Pnercence of Thrusts and, N6/mal,FaiiIts..- North of the 
*̂ nenl Range ,the .traces of major •,normal faults and over-
Xi.i{z are-'s.ubparallel;-.Tliis relationship .is .v/ell .illustrated in 
M Pi\ mt and Canyon Ranges where .traces ofthe riiajbr bver-
vû ists p irallel .the.range axes. Thrust fault traces are.dramatic-

dbplayed in, these ranges', and while the traces of the 
"*\or normal;faults are rarely ckposed, it.may.he assumed 
'•"•I reisq'nabie'. assurance '.that- major normal faults at the 
f»''is block..out.,-,the, mountains. Similarly, fbid axes, in the, 
« ='kei Mountains parallel normal faults, that segment the 
"lounnins. Presumably . a . major thrust .fault underlies the 
.̂iffô td rocks in the Cricket Hills at shallow depths inasmuch 
lUhe e\po,sures'are continuous thrbugh.the Beaver Mbuntains 
•"i ihi San Fraricisco Mountains'where, the major, thrust is 

fo<;f>d •, ' . ..•-, ' • . 7 ' - • : . ,--

'n contrast, major norrnal-fault trends diverge. frorn the 
tf' c of ihe rnajor thru'st(s) by about 35° south of the Mineral 

Range. The trace of the rnajor thrust(s) through the Beaver 
Lake-San . Francisco-south Wah Wah Mountains is ap-
pi-oximately .riortheast-southwest. Divergence of the normal 
fault trends is most obvious at the flanks of the Mineral Range 
and the Hurricane fault, from Cedar City south to north­
western Arizona. Other arealy limited fault line, scarps and 
particularly gravity gradient zones (Cook and Hardman, 1967) 
indicate, that the divergence of- rnajor normal faults and 
overthrust fault trends is the regionalstructural motif south of 
Milfordr' ' . . . ' " : .̂  :i:7.. '. . 7 ' " . • ' . ' 

Grabens on the Shelf. - The sedimentary section exposed in 
virtually all of,Washington County in southwestern Utah has 
strong affinities to (he shelf section to'the east (Cook, 1960), 
although the area west of the Hurricane fault has been,lowered 

-relative to the high plateaus. A further, ramification of the 
divergence,of .major normal faults relative tg major thrusts is 

. that these norma! faults invade the shelf. This is particularly 
true when, normal faults are cbnsidered that border grabens 

.which are deeply filled "with Cenbzoic valley-fill depbsits. The 
Enterprise-graben extends from the Escalante Desert in Iron 
Cbunty into the Bull Valley area of Washington County. This 
graben, however, is at least in part, if not wholly, within the 
disturbed belt. The Parowan and Cedar Valley grabens, how­
ever, are clearly within the shelf prbvince. Cook and Hardman 
(1967) estimate, bn the basis of gravity calciilations, that 
approximately 1200 m of valley-fill underlie Cedar Valley. 

North of the Mineral Range, by way of contrast; the Black 
Rock Desert arid the Juab Valley are the easternmost grabens 
that cbntaiii deep valley fill,'and the Pavant and Nebo-Charles-
ton thrusts, respectively, are exp.osed east of these valleys. 

Transverse Igneous Belt. — The Marysvale volcanic pile, up to-
3000 m thick (Kerr and'others, 1957), is centered-just south 
of the Pavant. Range where the, .cratonward edge-of the fold 
and thrust belt- is offset westward. A line trending west-south­
west from the Marysvale volcanic pile .coincides with a de­
positional thick of silicious volcanics which- extends across 
southern Nevada: These rocks are.predominantly ignimbrites 

. and.tuffs, and in the main range in composition from rhyolite 
to latite-(Mackin,-1960). The age of the bulk of the yolcan'ics 
is Oligocene .and Miocene; however,, later volcanics occur 
centered, along the sarne , line, but in a wider,zone. The 

.Quaternary volcanics are largely basalts, but scattered rhyolitic 
cones are known (Leise; 1957).- , 

Pliitonic. rocks occur in abundance within the transverse 
igneous belt, including Utah's largest exposed intrusive body in 
the Mineral Range. Much mineralization accompanied these 
intrusive eyents, spawning an extractive industry that is still 
active after-three quarters of a century. Mineralization occurs 
along the entire belt; however, a large percentage of the mining 
activity in>.the .Utah portion is concentrated within a 25 km 
radius of Milford. .The intrusives, largely granodiorites and 
quartz monzonites, are contemporary with the deposition of 
thcbulk of the silicious volcanics (Whelan, 1970). 
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figure 2.—Geologic map of the southwestern spiir of the jRavant Range. 
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"--"veral cjilderas.haye beeh mapped within the zone., four in 
V>ada and (wo probable calderas in Uttili.The largest of l:he 
""•̂ r iwo is located in west-central fron County at the 
-f̂ 'e'-nmost extension- of the Escalante De.sert. The eastern 
n of this probable- caldera is downfaulted and covered by 

'iT*' fill deposits: of the Escalante-Desert. The other probable 
:ii,i is located,in-,the Horse Valley area at the west'end-of 

'*"• BfacJf Hills. The ririr'rock-geometry, faulted central'de-
J"i(on, alteration, silica-fii/ed fractures, and a thermal spring 
ire'.usge.stive ofa caldera. • ',-, ' ' . 

\ liigh concentratfon of thehnaJ springs is closely assoe- -
t'sdwifh,(he transverse igneous belt (Heylmun,,J966), and 
-< fpor. mineralization-is cori-elaled with tfie belt (Schmitt, 
M ] ' , , - ' - V , - . • • A . • ' ^ „ . . ; , • : ; : . " ' ' • ,• 

S'Jifierri Boundary of the fntennountain Seismic Be/t. - The 
'••imountaiii, seistiiic belt extends .so'uthward from Flathead 

'7^ III'Montaha, throiigh the Hebgen Lake-'VelJowstone area, 
5. Jtneasterii ldaiio,'and along the ,-Wa,satch. front'in Utah to 
'? Beaver-Cedar City area. At' this point the zone of 
^micity bends abruptly and exfe'rids'west-southwest across 
-S-Jiliern Nevada (Baraiizangi and-Dorman, .,1969). The west-
'•'td (rend coincides, with the depositional thick of the 
pmibrites. • -' ., , ' '.';. - . - ; : - ' . ' , 

local depths oflhe earthquakes-in this zone are shallow, 
' I wily all ranging from the 'surface to 20. km. Earthquake 
f̂ -̂ ',IS are known ,to occur in the zone, the most notable 

ng (he 1971 swai-m centered just ndrtl-i of Enoch, Utah. Up 
') W eventsper "day-were recorded with a local seisinometer 
•"s.j* by Smith and Trimble (piersonal communication). Foeaf 
"uhanisnis within the belt include both normal and strike-slip 
^whcements (Smith andSbar, 1973).' • 

t he Black Rock Offset 

A regionally'significant structural zone occurs between the 
'''Jill end of the Pavant Range-and the north erid of the 
l̂ -iver Like Mountains.- The most obvious effect of this zone .' 
•» file westward offset of the leading or erosional edge of the 
'̂ -jor fhrust(s) south of this zone. Because the Black Rock . 
*s4atio near,Kanosh and the Black Rock community on, the 
iiion Pacific .Railroad- lie within this zone, it may con-
eirnlly, be Called'the Black Rock offset. Its west-southwest -
""'nt! is siniilar to the Leamington fauh which fartlier north 
"''••ts (he Canyon Range overthrust w.estward from the Nebo 
'%«st (Shepard and Morris, 1969). ., • 

Tl'e Black,Rock offs,et is located at the northern edge of 
'•^fnnsverse igneous-belt and (he southern end ofthe inter-
iiiuniaiii .sefsmic belt. Moreover, if marks.the boundary be-
'""n (he two areas of contrast as discussed-above in terms of 

^̂» disiurbed belt,' divergence of the major (hrust(s) and 
Ji.inl faults, and the graben-overthrust spatial'relationship, 
'•^pie the obvious importance of this zone in (he regional, 
îJcdire, little is known of its detailed structure owing to 

masking by Cenozoic sediments and volcanics. Meager c 
dence indicates that strike-slip faulting is important within tl 
complex zone. - ' . 

Near Corn Creeic at the south end of the Pavant Range. (1 
Pavant thrust begins to climb section in the allochthot 
Furthermore, fold axes and traces of imbricate thrusts ti-em 
approximately east-west,- in marked contrast to the nort.h 
iiortheast .structtiral trends in the Pavant thrust plate persisfen 
for many tens of kms to the north. This change in geometry 
may be reconciled with an interpretation wherein the southein 
end of (he thrust plate fsnear the southernmost e.xposufcs, 
and docs not continue .south beneath the Late Cretaceous-
Cenozoic overlap. Crosby (1959) has mapped an anticline in 
authochthonous Permian Kaibab Limestone trending east-west 
in Middle Canyon 3 kms south of Corn Creek. 

Tbe .southwesteriimost spur of the Pavant Range is held up 
by an .overturned section'of Paleozoic rock which is thru.sted 
over various Tria.s.sic and Jura.ssic formations (Crosby, 1959) 
(Fig. 2). Mapping by Zimmerman (1961) demonstrates (hat 

, the overturned section is .exposed in the low hilLs west of 
Interstate 15 for another 10 kms. Immediately north of the 
overturned section are some areally limited exposures of 
Cambrian Prcspect Mountain and Pioche Shale that are de­
formed but in normal attitude; An east-trending, steeply 
dipping fault, exhibiting diagonal striations, separates these 
rocks from the overturned section,,Several relatively minor 
faults repeat the Prospect Moun tain-Ophir contact. These 
faults trerid northwest-southeast and striations on the fiiult 
surface indicate that at least the final movements had a strong 
strikeslip component. A small outlier of Pro.spect Mountairi 
rests oh the overturned section. 

The, next westv/ard exposure of the offset structural zone is 
at (he north etid of the Mineral Range. Here Prospect Moun­
tain Quartzite fs in thrust position over-Upper Cambrian lime­
stones (Leise, 1957). The thrust fault has a domed configura­
tion and distribution of metamorphic facies suggests that the 
structural attitudes reflect a shallow intrusive, perhaps salel-
litic to the main Mineral Range pluton. It is not known if the 
Upper Cambrian limestones ure normal, or overturned like the 
section in the southwest Pavant Range with which they line 

" P - - , ' • • • ' ^ • 

At the northernmost tip of the Beaver Lake Mountains 
Cambrian Pro.spect Mountain Quartzite is observed to be 
thrusted onto several Lower Paleozoic formations (Barosh, 
i960). -The next pre-Cenozoic exposures to the west are in the 
San Francfsco Mountains where the offset is here connected 
with (he main hne of faulting defined by the major thrust(s) in 
the Wah Wahs, San Francfsco, and Beaver Mountains. 

The fact that Lower Cambrian-Eocambrian quartzites rest 
in thrust relation on Paleozoics in all of these "lined up" ex­
posures between the south end of the Pavant Range and (he 
San Francisco Mountains suggest that each is part of a struc­
tural entity: The limited exposures of the east-west diagonal 
fault, in the southwest spur ofthe Pavant' Range, shows indica-
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tions of strong strike-slip motion, and together with the bveraii Frey, ,M. C, 1973, Intluence of Sadna salt on .stmoture in Ni 
structural geometry of the,zone .suggests that ,right Jateraf • •.•P'="'?''*y'*'«"''''P= r̂of'̂ Pi'a/adiiM P/ateau: Am, ASMC. p, 
slrike-shij" faulting predominates in the-Black Rock offset ,: - Geologists Bali„v. 57, p. 1027-1037, . ., ;: 

. zone. The minor northwest.rsoutheast trending faults north of Heylmuii, E; B.; 1966;Gcot(iomial power po ten (iai in Uiah: Uc 
the diagonal fault in ^the: southwestern Pavants are second ;, - ' ;^"?'' P"-:Survey,Spec. Studies 14, 28.p: 
order "extensional"fauJts by this interpretation. ' ' Hickco.v. C w •''"-•' 
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