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Introduction

“The structural geology in" an ‘area of southwestern Utah

: mfered gt Milford (Fig. 1) mcludes several features that
lgneou ' ’

‘;‘3' e N ,'...n from the simplet pattern to the north.
W, Lastern - 12 South of the.north end of the Mineral Rangc thé craton-

. ACt
: et “ard edge of the fold and“thrust belt includes a wide

"and fairly well defined drsturbed belt east of the major
hrust(s); northward the leadmg, or erosional, edge of
- the ‘major thrusts generally are the easternmaost struc-
" tures of the fold and thrust belt. - - -
‘Basin and Range block fault trends are subparallel to
’=;‘fold and thrust belt structures of Sevier orogeny vintage
- vorth of Black-Rock, but are dragonal for more than
“:100kms to the south. C

iu m‘-argdr:i’d'jt
achronolo,
8 p.
2 rocks in )
E R B.-Eckel

Mnunt‘rms S

vada: Ph.D. § ;- major displacements occurat or west of the cratonwrtrd

- tance south’ major normal faults invade the shélf. This-is
. pdrtrculurly true for those faults that are associated. with
. grabens deeply fi filled with Cenozoic sedmtents .
"4 Milford lies in 2 transverse igneous zone that extendS/
«; westward from the Tushar Mountains across both the
./ Basin and Range and-fold and thrust belt structures into
’_; and across southern Nevada. The - zone. is defined by
*.thick Tertiary s1hcrous volcanics. This zone is probably
# siructurally controlled and iricludes quartz monzonite
* and granodtonte stocks with associated mineralization.

', with the Wasatch line at the eastern edge of the over-
“thrust’ belt and Basin and Range province to the rorth,”
. turns westward in the- vicinity of, Milford and extcnds
-across Nevada. : BRI
nte above generallzatlons are sub]ect to modtﬁcatton as’
L&tus are assembled - into a regtonal picture. The -several
: .leulcS however; seem to point-to thé conclusion that the

('“{‘sanal tectomcs at the e"tstern edge of the Great Basm
Prominen_t Stru(:tu'ral Features
- ,t‘.'ls‘jurbed Belt. — The disturbed belt is a izansition zone be-

th:

] R North of the Mineral. Range normal faults marked by

.' edge of the fold and thrust belt, whereas for some dis-

. ‘5 Finally, the intermountain seismic belt, which coincides

Hlford area is critical to the understanding of past and present -

[Hireq. the undeformed strata of the shelf, the plams and -
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_the dlsturbed belt'and'the main fold and thrust belt may be
defined as the trace of the easternmost thrust which places
Cambrian or Eocamibrian rocks over younger strata: The width
of the disturbed belt varies from near zero to-many tens of
kms. There appears to be a correlation between the width of
the belt and the occurrence of a stratigraphic section marked

by stronig mechanical anisotropy, for example, the coincidence
inn the Appaldchtans of the wide disturbed belt in the Pennsyl-
varlian salient and the distribution of Salina Salt (Frey, 1973)..

North of the. Mineral Range a major ihrust 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 (Htckcox
1971). The. leadmg edge of the thrust is, however, covered by
latest Cretaceous.and Cenozoic deposits, but must lie some-
where beneath. the eastern-flank of the Pavant. Range or be-
néath Sevier Valley, deformation genetlcally related to fold

. and thrust belt development is not observed at the ‘western
edge of the Fish'Lake Plateau bordermg Sevier Valley on the

east. Tltus, the maximum width of the disturbed belt is 18
kms. A geometnc reconstruction suggests to Hickcox (1971)
that the eastern edge of the Pavant thrust is in, the order of 10
kms east of the Upper Cretaceous overlap. Any disturbed belt

" development must oceur in a narrow-band.

The eastern edge of. the fold and thrust belt’ is offset west-
ward between the south- end of the Pavant Rzmge and the San -

. Francisco Mountains, where’ Prospect Mountain and Bocam-

. brian quartzites .are thrust over Upper Cambrian limestones
(East, 1966). This major thrust(s) wherein the  Prospect
Mountam structurally overlies'rocks as young as Pennsylvanian
can be traced southwestward through the southern Wah Wah (
Mountains: (Miller, -1966),. and beyond into southeastern

" Nevada. T'he sole of the thrust plate persists at a shaly zone .
near the base of the Prospect Mountain’ Quartzrte 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, étratigraphic offset across the fault(s), marks
this structure as the-eastern edge of major overthrusting. -

Southward from- the offset zone, scatteréd. outcrops of
deformed :PaleoZoic and Mésozoic rocks express a wide dis-

" turbed belt. Disturbed belt rocks are observed in the Beaver
Lake Mountains (Barosh, 1960), thé Rocky Range, thé Star
‘Range’ (Baer,,_.l96_2), the Southern San Francisco Mountains,

. southern Wah. -Wah Range, Blue Mountain, the Mineral

‘ Mountams (Earll; 1957), northcenttal Black Mountains, the
Iron - Sprmgs ‘mining - district " west of Cedar City (Mackin,
- 1947), and 'in_the Bull Valley district. Exposed: rocks are

generally -Upper . Palebzoic and Mesozoic in age and exhibit

- folds and,’thru'sts',j and merely tilted sections where the outcrop

. is areally limited. The exception is at Blue Mountain where
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lhe Mmeml Range -and the no
of the - area of the pluton Frmlly, these ‘structures are on
#nd. wrth the thrusted fo]d m the lron Spnngs drstnct

f. "‘Sl\ Mountains; beneath,.the. Prospect Mountarn ‘Quartzite at
ew sole-of [ the: ma]or thrust, includes strata that range -in age -
tre.zr Mrdde Cambrlan lhrough Jurassw whereas the rocks

i aence of Thrusts and Normal Faults

ﬂeml Range ,thetracés of major -norinal faults and over-
&ests are: subpar’rllel “This 1elatlonshrp is well illustrated in
avant and C"rnyon Rangcs where traces of the ma]or over-

cket '\lountams parallel normal fdults. that segment the
urmms Presumably a. mAJor thrust fault underhes the

N

‘ta as oltl ds Mrddle Cambrran are thrust over Jurassrc

-contact between 1gneous and; sedrmentary rocks along the
lheast flank of. the Mmeral Mountams is s clearly drscordantv
' l957) Condre (1960) develops a case’ for granitization
Structural trends " Continue
5 into thé southernmost end-
central Black Mountains,

t\wte thrustrng rmmed1atelv beneath ‘the leadrng major
; Ust and gradmg to gentler deformatron at the boiindary ~
n undeformed shelf strata A sectron throu;,h lhe soulhern '

firre. lyprcal of drsturbed belts namely a wedge- shaped de-
med body wherem a tlrrck sectron is mvolved m deforma

' . Width: of the, disturbed belf between the Wah Wah thrust
o the eastern. edge of the lron Sprmgs drstrrct is more than

— North of the

lht San Francrsco Mountams where the mAJor thrust 1s'

.' UTAH GEOLOGICAL ASSOCIATION PUBLICATION 3 - 197'%

L3

3 n’ tontrast ma]or normal fault trends drverge from the ,
5‘(‘ of* lhe maJor thrust(s) by about 35 south of the Mmeral.

. 29.

Range The trace of the major thrust(s) through the Be.rver
- Lake- San Franusco~south Wah Walt Mountains is ap-
proxrmately northeast southwest.. Divergence of ‘the norma
ﬁult trerids. is' most obvious at the flanks of the- Mineral Range
and the - Hurricane - fault from Cedar City south to north-
western "Arizona, Other drealy limited fault line. scarps and
particularly gravity gradient zones (Cook and Hardman, 1967)
indicate, that - the drvergence of. major normal faults and
overthrust fault trends is the regronal structural motrf south of
Milford: " .

Grabens on’ the Shelf. - The sedrmentary section exposed in
virtually all of Washington County in-southwestern Utah has
strong affinities to the-shelf section to the east (Cook, 1960),
although the area west of the Hurricane fault Has been lowered
.relative to -the hrgh plateaus, A further. ramification of the
drvergence of major normal faults relative to major thrusts is
that these normdl faults invade. the shelf, This is particularly
true’ when_ normal fauits ‘are considered. that border grabens
~.which are deeply filled with. Cenozoic valley-fill deposits. The
nterprise “graben extends from the Escalante Desert in Iron
County into the -Bull V.rlley area of Washmgton County This
“graben,’ however is at least in part, if not wholly, within the
drsturbed belt. The Parowan and CedarValley grabens, how-
" ever, are clearly. wrthm the shelf provmce Cook and Hardman
(1967) estimate, on the basis of gravity ‘calculations, that
1pprox1mdtely 1200 m ofvalley fill underlie Cedar Valley
North of the Mineral Range, by way ‘of contrast; the Black
‘Rock Desert and the Juab Valley are. the easternmost grabens
“that contam deep villey fill, and the Pavant and Nebo-Charies-
ton thrusts respectrvely, are expused east of these valleys

Transverse ]gneous Belt. — The Marysva]e volcamc pile, up 1o-
3000 m- thick (Kerr and others, 1957) is centered-just:south
of the Pavant Ringe where the cratonward edge’ of the fold
and thrisst belt. is offset. westward. A liné trending west:south-
west from :the Marysvale volcanié¢ 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
o latite: (Mackm 1960). The age of the bulk of the volcanics

is Oligocene:.and Miocene; however, . later- volcanics occur
centered. along the same line, but in a wider .zone. The
_Quaternary volcanics are largely basalts, but scattered rhyolitic
cones are known (Lerse 1957).--

Plutomc rocks occur in abundance wrthm the transverse
igneous belt, including Utah’s largest exposed intrusive body in
the Mmeral Range Much mineralization accompanied these
intrusive events spawmng an extractrve Jindustry that is still
active after three quartersof a century Mineralization occurs
along the entrre belt however, a large percentage of the mining
activity ins the Utah portion is concentrated ‘within a 25 km

" radius, of Mrlford The intrusives, largely granodiorites and
quartz monzonrtes are contemporary with the depomlron of
the bulk of the srhcrous volcanrcs (Whelan 1970)
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- Several widcxas have bcen mapped w1thm the zone, four in
Aevada and two probable calderas in Utah. The largest of the.
-m: iwo s lowted in west- centml fron County at the

By fill deposns of the Esmldnte Desert. The oner probable

Widera is located. in: the Horse Valley area at the west end -of
s Biauk Hills The nm ‘rock geometry, faulted centml de-

fuvge‘;txve of ica dela
A high comcntlatlon of thezma] springs is dosely assoc- -
¥ with {he mnsverse tgnwu\ belt (Heylmun 1966}, and

ipper mlmmhzmon 1s «,urraiated thh the bclt (Sumltt
}h{ﬂ : A A

“wthem Bound'u'v of the lntermountam Selsmnc Belt. — T he*
emountain, seismic belt, extends southward from Flathead
m MOH[QI’]A through the Hebgen Lake Yellowstone area,
'mtnmstern ldaho and a!ong the Wasatch front in Utah to
4 Beaver Cedar Clty area. At this pomt the ‘zone of
’asmtcxty bends abmpt!y and exiends’ west-southwest across -
dthern Nevada (Baranzangx and’ Dorman, 1969). The west-
Wrd trend comcxdes wsth xhe deposmona! thxck of the

%4NE

_@:umbrxies

Focal depths aft the earihquakes in this zone dre shallow,

cstally all mngmg from the surface to 20 km. Earthquake

mams are known .to occur ifi the-zone, the most nohble‘

eing the 1971 swarm z,ente:ed;ust ‘north of Enoch, Utah. Up
3300 events: per day-were recorded with alocal seismometer

iy by Swiith and’ Trimble (pcxsoml communication). Focal

Yethanisms within the belt include both normal md smke shp

: aizmhcemenrs (Snuth and’ der !973)

e

The B!ack Rock Offset A )

S r\ regzonaﬂy mgmﬁcdnt strudumi zone occuts between the

» msh end of the Pavant Range-and ‘the north end of the’

daver Lake Mountams. The most obvious effect of this zone -

. & the westward off's_ét of the leading or erosional edge of the
SEGOr thrust(s) south of this zone. Because the Black Rock
Jkano near Kanosh and the Black Rock comimunity on. the

f*'a:m Pacific . Railroad. lie w:thm this zone, it may con-

mnn ly be called the Blick Rock ojfsct Its west-southwest .
nand is smumr to the Leamington’ fault which farther north

ey ts the Cmyon Range overthrust WBStW’!rd from thc Nebo

sist (Shepard and Morris, 1969). -

- Yhe Black Rock offset is located at the northern edge of

‘“* transverse 1gneous belt and thé southern end of the inter-

sauntain seismic belt ‘Moreover, it marks. the bounddry be-
ez the two areas of contrast as discussed above in terms of

,}'l""' disturbed belt, divergence. of the major thrust(s) and °

#xmal faults; and the graben-overthrust spatialretationship.

; Uspite the obvious importance of. this zone in the regional .

#ictire, little is known of its detailed structure owing to

UFAH GEOLOGICAL ASSOCIATION PUBLICAT[ON 3~ 1973

misking by Cenozoic sedrments and volcanics. Meager ¢
dence mdicates that smke-shp faultmg is important within t|
complex zone.

Near Corn Creek at the south end of the Pavant Range, t}
Pavant thrust begins to climb section in.the allochthor

" Furthermore, fold axes and traces ‘of imbricate thrusts trem:

approximately east-west, in marked contrast to the north
northeast struchiral trends in the Pavant thrust plate persisten.
for many. tens" of kms to the north. This change in geometry
may be reconciled with an interpretation wherein the southen
end of the thrust plate is near the southernmast exposurcs,
and does not continue south beneath the Late Cretaceous-
Cenozoic overfap. Crosby (1959) has- mpped an anticling in
authochthonous Permian Kaibal Limestone tmndmg east-west
" in Middle Canyon 3 kms south of Corn Creek.

The southwesternmost spur of the Pavant Range is held up
by . an overturned sgction 'of Paleozoic rock which is thrusted -
over various, Triassic. and Jurassic formatxom (Crosby, 1959)
(Fig. 2). Mapping by Zimmerman (1961) demonstrates that
Lthe’ 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
Camb:;anAPrqspect Mountain and Pioche Shale that are de-
formed but in normal attitude. An. easi-trending, steeply

dipping fault, exhibiting diagonal striations, separates these

rocks from the overturned section..Several relatively minor. -
faults repeat the Prospect Mountain-Ophir contact. These
faults trend northwest-southeast and striations on the fault
surface indicate that at least the final movements had a strong
stﬁkésﬁp component., A small outlier of Prospect Mcuntain
rests on the overturned section.-

The. next westward exposure of the offset strucrum! zone is
at the north ‘end of the Mineral Range. Here Prospect Moun-

-tain Quartzite is;in" thrust position over-Upper Cambrian time-
“-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, peshaps satel-

:“litic to the main Mineral Range pluton. 1t is not known if the

Upper Cambrian-limestones are normal, or overturned like the

. section in the southwest Pavant Range with which they line
up. - B

At the northernmost tip of the Beaver Lake Mountains

" Cambrian Prospect Mountain Quarizite is observed to be

thrusted onto several Lower Paleozoic formations (Barosh,
1960). The next pre-Cenozoic exposures to the west are in the
San Francisco Mountains where the offset is here connected
with the main line of fauiting defined by the major thrust(s) in
the Wah. Wahs, San Francisco, 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 the
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 of the Pavant Range, shows indica-

30
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