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Abstract.—The Rlue Ribbon lineament i{s an east-west strue-
tural zone that isx about 246 kilometers wide and passes through
the Pioche mineral belt at about 38°10° N,
litah,

Tt is best known in
where It is at least 190 km long, and extends from the

southern Sevier Plateau in the High Plateaus westward and -

across southern Mouutain Home (Needle) Range in the Great
Rasin, It westward an  additional 170
km into Nevada, with the
of the 230-km

probably  continues

where it (‘Ull‘llc('(ﬁ enstern end
Hneament, The Blue Ribhon
linenment is defined by range terminations and cast-trending
valleys, alinement of eruptive centers of middle., Miocene
(20 million years) to Pliocene(?) (5-1.8 m.y.) alkalle rhyollte,
alinement of areas of middle Miocene to Plocene minernlized
rocks (mostly fluorine, urantum, tungsten) and hydrothermally
altered rocks, east-trending magnetic highs and Interruptions
of magnetic anomalies, and east-striking lmsin -range faults: of
late Tertiary and Quaternary nge. Mountnim south of the
lineament are topographically and strucfurally lower than those

to the north, North-striking Quaternary basin-range faults,

Warm Springs

‘the Thermo hot springs area, several.warm springs and former

hot springs, and numerous dacitic to andesitic voleanic centers
of enrly to middle Miocene age (26-20 m.y.) occur along the
lineament. The Blue Ribbon lineament s belleved to be a
deep crustal fnult zone dating from at least middle Miocene
time nnd possibly much earlier. It thus developed generally
eoincident with northerly trending classical basin-range faults.
Its fracture system was an important, long-lived conduit for

mineralizing fluids, and it should be an attractive target for

minerals exploration in the future. The lineament could be
due to au east-trending warp in the subducting  mantle plate,
or it could be part of a past or present intracontinental trans-
form fault that loeally gets younger eastward and dles out
enstward In the western Colorado Plateaus province.

This report is an outgrowth of -various studies on
the geology of southwestern Utah. One of these studies
was a detailed geologic mapping of the southwestern
part of the High Plateaus subprovince of the Colorado
Plateaus and mapping of the nearby Black Mountains
of the eastern Great Basin (Anderson and Rowley,
1975). Other studies were conducted farther west in

! Kent State University,

_inant trend of basin-range faults neatly at right angles.

the Great Basin and consisted of un mvest,lgnhon of
the Stants (Monarch) mine-Blawn Mountain area in
the southern Wah Wah Mountains by D. A. Lindsey
(unpub. data, 1976) and reconnaissance geochemical
studies in the southern parts of the Wah Wah- Moun-
tnins and Mountain Home Rangg (formerly called

Needle Range) by D. R. Shawe and D. A. Lindsey -

(unpub. data, 1976). During these studies it became
apparent that Tertiary Volcmlc oenters, Tertiary min-
eralized and hydrot}mmnl]y *xlterod rock, gcophyswnl

nnomahcs, topographic features, and “Tertiary and.

Quaternary basin-range faults defined gm east-trending
structural belt that passcd through, all the prevmusly

studied arecas. . lt .

In 1975 an opportunity arose to inv'EStfgate the hot
springs and associated rhyolite centers along this east-
trending structural feature, as well as those hot springs
and rhyolites north of the feature,'as part of a pro-
gram of reconnaissance and detmled mapping , of
young rhyolite centers around the rim of the Colorado
Plateaus provinee for their geothermal potentm.l (for
example, Lipman and others, 1975; 1978 :Rowley and

- Lipman, 1975). A major phase of bhls progra.m was

tho determination of K-Ar ages, of ‘alkalic rhyolite
(Mchnert and others, 1977). These ages indicated that
the rhyolite centers were 20 million.years old and
younger, generally coincident with the broad episode
of basin-range faulting in this pért, of ,Utah. The
youngest K-Ar age of four xhyohtcs wag ‘from a dome

at Blue Ribbon Summit, which gives its ‘name to the *

structmal feature descnbed here. . , .-

This repmt describes the nature of the Blue Ribbon
linecament, a through-going structural feature at about
38°10 N., that crosses the Wasatch Front and the dom-

The Blue Ribbon lineament 1s about 25 kilometers wide
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176 RLUE RIBBON LINEAMENT,

and extends nbout 190 ki through the Grent Basin
and Colorado Pleatenus of southwestern Utah and
probably an additional 170 km westward through cast-
ern Nevada, The lineament appears to be collinear at,
about 116° W, in Nevada, with the 230-km east-trend-
ing Warm Springs lneament  (Ikren and others,
1976) of similar characteristics, which extends to- tho
western edeo of the Great Basin. In Utah, where de-
tailed data are available and where we are most fami-
is traced from

lar with the geology, the lineament,
southwest of Indian PPeak in the Mountain Home

Range near the Nevada border east to the Antimony
mining district, which is cast of the southern Sevier
Plateau (fig. 1.1). The southern edge of the lineament
is several kilometers south of the latitude of Antimony,
and the northern edge is near the Iatitude of Beaver.

The Blue Ribbon lineament as here defined lies
within the southern half of the broad Wah Wah-
Tushar mineral belt (fig. 2) of Hilpert and Roberts
(1964) and just north of the Pioche mineral belt of
Roberts (1964). It crosses the axis of the “I’ioche min-
eral beli? as redefined by Shawe and Stewart (1976)
but, because of the overall coincidence. with the Pioche
mineral belt in Utah, the Blue Ribbon Tineament is here
considered to be n distinctive zone within the broader
feature as defined by Shawe and Stewart (1976).

Acknowledgments.—Recognition and analysis of the
Blue Ribbon lincament is due partly to discussions
with T. A. Steven, G. P. Eaton _D. R. Shawe, and E. B,
FEkren. Wo arce grateful to E. B Ekren, J. H. Stewart,
and D. R. Shawe for making available much unpub-
lished dam on cast-trending features in the Great
Basin. R. K. Glanzman, G. L. Galyardt, and . T.. Wil-
liams provided information on some arcas in the Great
Basin with which they are familiar. J. S. Pallister as-
sisted with collecting specimens for K-Ar study and
made most mineral separations.

PREVIOUSLY DESCRIBED EAST-TRENDING BELTS
IN GREAT BASIN

East-trending belts of mineral occurrences, geophys-
1eal anomalies, structural features, and patterns of
Cenozoic igneous rocks in the Great Basin have been
observed and described by many geologists, starting
with Butler and others (1920). Various geologists and
geophysicists have placed belt axes differently, as de-
scribed in the following paragraphs and shown on
figure 2; none of these axes arc mutually exclusive
because the authors used different scales and different
criteria. for plotting them. Most of the lineaments
probably reflect in one way or another the effects of
deep cast-trending fault systems in the Great Basin,
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npparently of an nge coincident with clnssical basii
range stricture but perhaps con“rolled by features the
are partly older than basin-range étructmc ,

Hilpmt and Roberts (1961}) summarized prenot
< and deseribed three broud belts of intrusive rocl
and mMnl mining districts m western Utah (fig. 2
from north to south the qurrh Ulinta, Deep Creel
Tintic, and Wah Wah-Tushar belts. The mining (11
tricts on the belts nceount for 95 percent of Umh
lead, silver, gold, and zinc. Erickson (1974
diseussed the nm'(,lmmnost belt, which he renamed tl
Uinta-Gold Tl trend and which he extended farthe
castward. The southern two belts contmue into Nevac
as the Cherry Creck belt and the Pioche belt (Robert
1964) ; Roberts (1966) later described the broa
curving Cortez-Uinta axis, whlch connects with tl
Ogquirrh-Uinta belt, and the Hamilton- Ely belt :
about 39°10° N, aﬂmr]mn (1973) also called attentic
to cast-trending mineral belts Zietz and others (196¢
noted  cast-trending acromagnetxc patterns in t)
Oquirrh-Uinta, Deep Creek-Tintic, and Cortez-Ulnf
belts. Cook and his coworkers (for example, Cook an
Montgomery, 1974) postulated three broad east-tren:
g zones in Utah defined by gravity data. The axes ¢
these zones are at 40°40° N, 40° N., and 38°40° N
within the mineral belts of Hilpert and Roberts (1964

Shawe and Stewart (1976) discussed the three m
jor Utah mineral belts as well ds'Nevada mineral belt
Their Pioche mineral belt, which extends east-nortl
castward from Nevada into Utuh contains 'the We
W'nh Tushar belt of Hilpert 'and Rdberts (1964) a.

he Pioche belt of Roberts (1964). The axes of the
lx\lts genernlly are defined by alined Cretaceous ar
Tertiary plutons, zones of fuult,s that are transveme
the northerly basin-range ftmlts, gross neromagnet
patterns, and major mineral occurrences To the thr
major belts they added another, smaller belt south
the Pxoc};Lhe belt, which they called the Delamar-Ir
Springs mineral -belt (fig. 2) Stewart, Moore, a1
Zeitz (1977) discussed the belts in terms of distributi
of igneous rocks; they observed that broad east-tren
ing zonés of volcamc rocks' r'm,,Nevada and weste
Utah deerease in age from north t0 south. The axes|
their voleanic belts correspond to the axes of the bs
of Shawe and Stewart (1976) i) - /

Eaton (1975, 1976; unpub data, 1976) describe
ma]m east-trending crustal‘ boundary that crg
Nevada at about 37° N. (fig. 2) thence gently SW/
nortlu :asterly into southern Utah, coincident with
Intermountain Seismic Belt. | Thls zone, Whlch is
fined ]argely by gravity and magnetnc data, selsm;
and depth to the M-discontinuity, marks the soui
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Frovee L—Index maps showing topogrnphic and neromagnetic
expression of most. of the Utah part of the Blue Ribbon
lineament. o4, Raised relief map showing location of geo-

graphic and peologic fentures near the Blue Ribbon linea-

ment as o well ax location of areas of fignres 3 oand b Ap-
proximate boundaries of Blue Ribbon lineament shown by
dashed hachured Hoes. Wasateh Froat shown hy dashed line.
thyolite, stippled. L Neromagnetic

Ogeurrence of  alkatlie

i

! .
map, from Zeitz, Shuey, and Klrl,;y (1976). Blue Ribbon
lineament shown by lined ruling. Outiines of aeromagnetic
ridie of Ploche mineral belt, modified from Stewart, Moore,
and Zeitz (1977, fig. 5). ix shown by heavy solid line, Con-
tour tntervals are 20 and 100 gammas. 1, Indian Park; 8,
Stants (Monarch) mine; ¥, Frisco ;- T, Thermo hot sprin;:s;l
M, Milford; Mi, Minersville; B, Beaver; Co, Cove Fort; .
Clreleville; Ma, Marysvale; and A, Antimony.
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Fieure 2—Index map of eastern Nevada and western Utah

showing location of the Blue Ribbhon lineament and other
enst-trending structural, wmineral, and geopbysicnl belts de-

sceribed in the published life!‘:llllr(}, S (Kalt Lake City), I'r

(Provo), N (Nephi), ¥ (Fillmore); Co {Cove Fort); D3
(Beaver), C (Cedar City), and II (Hurricane) matk the
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N ‘ EXPLANATION

Boundary of arromagnetic ndge of Pnoche mmeral bell from
Stewart and others (1977)

' ! '
{ .

Axis of east-trending mineral belts of Shawe and ; ¥
Stewart (1976) | I
« OU, DT, PI. DI-Oquirrh-Uinta: Deep Crenk Tmuc Pioche; i
Delmar-lron Springs : l\ . :

Axis ol eastern parts of lincaments o( Ekren and others {1976) :

WS, TI-Warm Springs: Tnmpahute i . . !
Akis of southern pmt of Inlermountain Se'smlc Belt and

approximate transverse crustal boundary "of Eaton (\975)

f
.

Mineral belts of Hitpert and Robcns (1964) and RUbC”o (1966)

Axes of east-trending mineral belts of Robens (1964, 19686)

extreme eastern edge (W ns'xtch Front) of the Great Bas
T (Tempiute) ; P (Ploche) ; fvt (Stateline mining’ distncl
8F, (San ¥Francisco mining (ll%Erlct), M (Milford), and sl
(Marysvale) occur at sites of major mining activity in !
enst-trending Ploche mineral belt of Shawe and Stew
(1976). !

!
1
'

1]
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cd[:’f‘ “of voleanie rocks and mining districts in tho
Great Basing In Utah, this belt coincides with faults
of the same “rike and with strings of plutons and
voleanic centers (Cook, 1960, maps 1-21; Blauk and
Mackin, 1967, .plo1).

Ekren and others (1976) documented four linea-
ments between lat 37°407 and 39° N,
Nevada, cach of which ranges in length from 200 to
300 km (g, 2).
graphic discontinuities and disruptions, terminations
and alinements of acromagnetic anomalies, alinements
of plutons and voleanie centers, and other structural
features, Thetr northern lincament may conneet with a
sitnilar Hineanient in west-central Nevada deseribed by
Bingler (1971).
and others (1976) were called the Warm Springs linca-
ment and Timpahute Hneament. The Warm Springs

m south-central

Their evidence consists mostly of topo-

The southern two lineaments of Kkren

fincament probably conneets with the Blue Ribbon-

fincament, and the Thupahute lineament extends into
Utah as the northern edge of the Clover Mountaing
and Bull Valley Mountains and into the Tron Springs
mining distriet, which occurs at the intersection be-
tween the Timpahute Iineament and Eaton’s crustal
boundary (1975, 197G; unpub. data, 1976).

PIOCHE MINERAL BELT

The Pioche mineral belt, as defined by Shawe and
Stewart (1976).1s a broad zone more than 50 km wide
that 300 km "the. Tempiute
mining district in Nevada east through the Marysvale
voleanie pile in Utah (fig. 2). As Shiwe and Stewart
noted, considerable commodities have been produced
along the belt

extends more than from”

csuch as gold, silver, lead, zine, tungsten,
fluorine, manganese, copper, and alunite.
Some mining districts in the belt are shown on figure
2. Fhose along the Blue Ribbon lineament are deseribed

in the following discussion,

uraniu,

In addition to the features enumerated by Shawe
and Stewart (1976), other characteristics of the min-
eral belt are noteworthy. The easterly to cast-north-
casterly frends of occurrences of fluorine, tungsten,
wold. copper, molybdenwn, lead-zine-silver; manganese,
nranium, and bariune minerals are apparent from pub-
Lished compilntions (for example, Walker and Oster-
wald, 19635 U.S. Geological Survey, Utah Geological
and Miner ulogu al’ Survey, 1964; U.S. Geological Sur-
vey, Nevada Bureaun of Mmes, 1964); occurrences of
iron, beryllinm, alunite, sulfur, and other minerals
have a less well defined but nontheless general east-
trending distribution. Many mineral occurrences, no-
tably those of fluorine, berythium, uranium, tungsten,
and sulfur, are young and commonly oceur near centers

‘3
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§
of alkalic rhyolites that range in.age from middle Mio-
cenc: (20 m.y.) to Pleistocene. At Marysvale, for ex-
ample, wranium deposits (Kerr and others, 1957 ; Kerr,
1968) were dated at about 13 m.y. by DBassett and
others (1963). Steven and others (1977) concluded that
much alunite; uranium, fluorine, and molybdenite at
Mavysvale are 16-9 m.y. old, but, that obher deposits of
alunite and hase and precious metals are early to mid-
dle Miocene in age. Most other mineral deposits of the
Pioche minernl belt are of middle to late Tertiary age,
and some, ns at Tempiute and Pioche} (Krueger and
Schilling, 1971; Johnston, 1972), may !be totally Cre-
taceous in age. Tn the Pioche mineral belt, many ‘hot
spring areas ocenr,. ineluding known ‘geothermil re
sonree arens (KGRA') that may provide gcothclmal
energy in future years such as the Roosevelt area just
west. of the Mineral Mountains and the Cove Fort-
Sulfurdale aren just northeast of the Mineral Moun-
tains. Clearly the overall Pioche mineral belt has been .
in exigtence at, least from middle ’I‘em:\ry to Holocene
time and perhaps even longer. |

“The Pioche mineral belt of Shawe and Stewart
(10;(») inclndes the topographically highest mountains
in southern Utah and is also str uctumlly high. East-
striking faults oceur in the mineral belt Callaghan
and Parker (1962), Kennedy (1963), and Callaghan
(1973) noted that the Tushar Mountmns probably oc-
cupy part of an east- tron‘ding arch t;ha;t is bounded on
its northern side (in the major east-trending valley of
Glear Creek near the northern edge of the mineral
belt) by a parallel downwarp. The arch occurs in the
same area where an cast-trending highland of probable
Lato Cretaceous or carly Tertiary age extended both
cast and west of the Tushar Mountains (Butler and
others, 1920; Callaghan, 1973; Anderson and Rowley,
1975). Because of the highland, 1acusti'ine and fluvial
rocks of early Tertiary age in the northern High Pla-
teaus are different in lithology from ! lacustrine and
fluvial rocks of the same age in the jsouthern High
Plateaus, and sedimentary rocks of early Tertiary age
in the Tushar Mountains are absent or are thin and of
different character from beds of t,hc same age to the
north and south. \. .

As noted by Shawe and Stewart (]976 ﬁg '2), the
Pioche mineral belt is characterized by plutons and
voleanic rocks mostly of Cenozoic age. One of these is
the granitic batholith of the Mineral Mountains (Liese,
1957; Farll, 1957), which is in the ﬁrst range west of
tho Wasatch Front (ﬁg 1), and is the largest pluton
in Utah; published K-Ar ages of lo—9 m.y.. (Park,
1968; Armstrong, 1970) have received. some confirma-
tion from Rb-Sx dating (C. E. Hedge, unpub. data,
1976). Tava and tuff fields of alkalic rhyolite are

3 g e e e




180 BLUE RIBBON LINFKAMENT,
abundant in the Pioche mineral belt. The largest such
fictd is the Mount Belknnp Rhyolite, about 21-17 m.y.
old  (Bassett and  others, 1963; Cunningham  and
Steven, 1977 Steven and others, 1977), and the related
Joe Lott. Tufl (Callaghan, 1939) in the 'Pushar Moun-
tains. Adkalic rhyolite is exposed at several places south
of the San IFrancisco Mountains (.1, Williams, oral
commun,, 1976). Alkalic rhyolite of Pleistocens age
overlies the Minceral Mountains batholith (Liese, 1957
Eartl, 1957 Lipman and others; 1975, 1978). A large
province of Quaternavy basalt and minor rhyolite oc-
curs north of the Mineral Mountains on the northern
side of the Pioche mineral belt (Mehnert and others,
1977). Upper Cenozoie alkalic rhyolites are cxtensive
in the southern parts of the Mountain Ilome Range
and the Wah Wah Mountains (D. A, Lindscy and
T R. Shawe, oral commun,, 1975).

Tho mincralized and hydrothermally altered rocks
i the Ploche mineral belt are closely outlined by a
broad acromagnetic ridge (fig. 2; Stewart and others,
1977, fig. 5). The overall magnetic high (fig. 1B) con-
taing high-amplitude  (that is, shallow
crustal) hills and depressions (Zictz and others, 1976)
that mostly reflect the presence of plutons (Hilpert and
Roberts, 1964) and voleanic centers (Stewart. and
others, 1977). In contrast, the areas north and south
of the ridge arc magnetically low and contain few
superimposed magnetic hills and depressions. The aero-
magnetic ridge extends fromwabout 115° W. east to
about 111° 45" W.; the west end is terminated by a
broad north-trending “quiet” acromagnetic belt that
bisccts the Great Basin (Eaton, 1976; Stewart and
others, 1977; (Gi. P. Eaton, unpub. data, 1976). In de-
tail (fig. 11), the acromagnetic ridge consists.of both
cast- and east-northeast-trending components. One ef-
fect of the two trends within the magnetic ridge is that
the western half of the ridge is forked, containing a

_branch that continues west and a branch extending
from about 113°30* W. south-southwest to the western
end of the Delamuar-Tron Springs mineral belt.

The Pioche mineral belt has striking similaritics to
the Deep Creek-Tintic mineral belt. For example, the
Deep Creek-Tintic mineral belt contains major occur-
rences of beryllium, fluorine, lead-zine-silver, copper,
manganese, gold, uraninum, tungsten, and other min-
erals. Most of thes¢ mineral occurrences clearly show
n general east-trending distribution (U.S. Geological
Survey, Utah Geological and Mineral Survey, 1964;
U.S. Geological Survey, Nevada Bureau of Mines,
1964 ; Cohenour, 1963 ; Park, 1968; Lindsey and others,
1973, 1975; Van Alstine, 1976) or a northeast-trending
distribution (Shawe, 1966). The Deep Creek-Tintic
belt contains numerous centers of young (10-3 m.y.)

munerous
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alkalic rhyolite (Lindsey and’ ‘others, 1‘)7.) Armstrong
1970; Mehnert and others, 1977), nuwmerous pluton
(Hilpert. and Roberts, 1964),'and numerous cast-strik
ing fanlts (Stokes, 19635 Loring, 1972). Tt is axial t
a brond zone of (,mm/m(', volcanic rocks and is the sit
of a broad east-trending magnetic ridge, with superim
posed highs and lows, that extends into Nevada (Zict
and others, 1969; Zietz, Shuey,. and Kirby, 1976
Stewart. and others, 1977). The Crater Springs le
springs area occurs along its southern edge. Like th
Pioche belt, the eastern end of the Dccp Creek-Tinti
belt contains a base metal and precions metal minin
distriet. (Tintic) near the W wateh Front, while jus
west of this district the yoéung, 17-'to 16-m.y.-ol
(Armstrong, 1970; Cohenour, 1970; D. A. Lindsey
unpub. dafa, 1976) granite of Sheeprock Mountains i
n\'poscd in a configuration similar to that of the Marye
vale mining district and Mineral Mountains batholit
of the Pioche belt.

UTAI AND EASTERN

A i

1 .
BLUE RIBBON LlNEAMEN'Ir IN .UTAH

' The Blue Ribbon hnoamené in Utah occupies an eas
trending zone, about 25 km \xpde and 190 km long (fig
1A), that is defined by magnetic highs and interrug
tions of magnetic anomalies, alinement of Tertiar
centers of alkalic rhyolite and dacitic to andesitic rock

rango terminations and valleys, Tertiary and Quate:
nary basin-range faults, and Tertiary mineralize
(mostly fluorine, uranium, and tungsten) and hydr
thermally altered rock. Sevcral hot springs also ocot
along the lincament, and theu‘ presence suggests th:
hot. water circulation a]ong~the lineament, which i
Tertiary time produced altered rock and carried mii
erals, is remarkably long lived. ‘

""The lincament concentrates many diverse feature
but not exclusively so with respect to those in othe
parts of the Pioche mineral belt; the lineament is onl
one of several controls of Such features within t}
broad mineral belt. Another; such feature is a secon
less clearly defined east- west lineament that occu
along the northern edge of the Pioche belt, mostly b

| tween the Iatitudes of Cove Foxt and Marysvale (cer

tered on 38°30” N.) and extendmg from at least 30 ki
west of Frisco to at least Marysvale. Parts of this fer
ture were recognized by G. L Galyardt (oral commur
1976), who observed east- trendmg geophysical patter
in tho Cove Fort-Sulfurdald area, and T. A. Steve
(oral commun., 1977) who obéerved east—trendmg alin
ments of pnbhshod mineral oceurrences (U.S. Geolog
cal Survey, Utah Geological and Miner alogical Surve
11964). The lineament also is defined by folds and faul
' (especially in the Clear Creek area west of Cove Fort

|
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topography. acromagnetic anomalies, coinetdence with
hot springs, and alinement, of phitons and voleanic
conters,

OF the types of evidenes for the presence of the Blue
Ribhon Hineament, the magnetic patterns are especially
mstruetive. s the acromagnetic map (fig. 1B) shows,
the Blue Ribbon lincament contains a series of cast-

Sdined highsTnd Tows, These ave superimposed on the

fnrger Ploche magnetic ridge. Thus the Timewment
forms one of several cast- ll(‘n(llll”‘ details in the Pioche
mgnetic hwh "I Utah the Blue Ribbon lineament oe-
cupies the Tsouthern cdae of the Ploche magnetic ridge,

bat 1 Nevada the Blue Ribbon lineament is near the

centeal part of the Pioche acromagnetic ridge (fig. 2;
Zictz, Shuey and Kivby, 1976), We believe that the
magnetic patern shown by the hneament results from
a combination of geologic features. These features will
be deseribed Trom west to east.

Volcanic centers and hot springs

Voleanie conters and phatons mark the lineament
throughout its length but ave rare or nonexistent. south
of the ineament. Several hot springs oceur near the
voleanic centers. At the western end of the Tineament

Utahe south of Tndian Peak in the southern Moun-
tain Home (Needle) Range (fig. 14), two Tertiary
porplivritic: plutons, each underlying an area of 1
square kilometer: have been mapped  (1lintze, 1963).
These are intrusive into lower Tertiary ash-ffow tufl of
dntermediate composition. The southern of these plu-
tons 1s LA ko west of the Cougar Spar mine, the main
producer of fluorspar in the Indian Peak mining dis-
trict. Thurston and others (1954, p. 6, pl. 1) reported
that rhvolite lava flows, including perlite and rhyolite
dikes, oceur i the vicinity of the Cougar” Spar and
sther mines.

arther cast along the Blue Ribbon lineament, in
the Stuats (Monareh) mine—DBlawn Mountain area of
the southern Wah Wah Mountains, two alkalie rhyolite
plugs ov sills oceupy an area of more than 1 km? near
ithe Staats (Monaveh) mine (Miller, 19665 Whelan,

. . . i i
Tanre Y—Analytical data for K-Ar ages for alkalic rhyolites alony the Blue Ribbon lineamend i

Mecay constants for K40:
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1965). ()!w of these, ealled by Whelan thc “mum in-
trusion,” yiclded a new K-Ar age of 20.2' ,m.y. (tuble
1); it is here called the rhyolite of; Stants mine.
Petrography of the rhyolite is summarized in table 2.
Mineral separations demonstrate that consxdcmble ac-
cessory topaz oceurs in the rock, and scxmqummmtlve
spectrographic  analyses  show .mommlously high
amounts of fluorine, berylium, niobium, 10.'u1 tin,
europium, and lithium in fresh rock of the main in-
trusion (1. A. Lindsey, unpub. data, 1976) New map-
ping revealed that lava flows of snme composition
underlic The Tetons, about ¥ km south of the Staats
(Monarch) mine.
Whelan (1965) mapped numerous other areas of 1hy0-
lito in the Staats (Monarch) mine-Blawn Mountain
area, but at least. some of these are of Oligocene age
(]Sus]nndn, 1973). | '

Tirickson and Dasch (1963) mapped two plugs of
alkalic rhyolite in the southern Shauntie Hills. These
are intrusive into voleanic rocks that they correlated
“1H1tho]son\1<01nvnlon,bnt1ocontxnapp1ng (fig. 3)
shows that these rocks belong to a local sequence of
Tertiary lava flows and \r)l('fnnc mudﬂow breccia of
intermedinie composition, The southern of the two rhy-
olite plugs, near Dead Horse Reservoir, yielded a new
K-Arv age of 11.6 m.y. (table 1). The plugs are, here
mllod the rhyolite of Dead IMorse Resorvoir,

\ deeply eroded dome and possible lava flows of
alkalic rhyolite yiclded a new K-Ar age of 10.3 m.y.
(table 1). Tt is hiere ealled the rhyolite of Thelmo hot
springs avea. It forms two small hills about 3 km cast
of the hot springs, in the Fscalante Desert bet\veen the
Shauntic 1Tills and the Black Mountains (ﬁg 3). Most
rhyolite is devitrified, the exception being a' vitrophyre
zone on the southwestern part of the rhyolite exposurves
(table 2). The Thermo hot springs area is t}xe site of u
KGRA. The hot spiings occur in two en echielon north-
trending silica mounds controlled by Quaternary north-
stnl\mcr fractures, probably faults (Petelsen 1973).
Ilast-striking f(mlts cast. of the hot springs ¢ cut Quater-
nary surficial deposits, including Plelstooene shorelines

of the Tscalante arm of Take Bonnewllé;,. Thus an

!

}

A =0.581 x 107 10)'1 Voox =4.963 x 107 loyr 1. atomic abundance: K"O0/K=1. 167 x 10-“;
*\1““—radxogmnc argon; niheral analyzed for all  samples:

sanidine; potassium determinations made with

instrumentation Laboratories flame photometer with a Li internal standard]

Location of rhyolite Sample — Locality K0 *AEHO *art? L Age
No. Lat N, Long W. (percent) x10710 (percent) (m.y.+20)
Stanty ming-—m—=—m—=nn ST-R 38°14745" 11334745 8.86, 8.84 2.582 74.0 ,‘20.210.86
bead Horse Reservoir--  75L-14A  38%14725"  113°%14725" 10.44, 10.37 £.755 87.2 11.6+0.46
Thermo hot springs---- 75L-13A  38°10°30" 113%9°50" 9.11, 9.04 1.347 82.0 h10.3%0.40
Blue Ribbon Summit-~--~  750L-12 38°10° 10" 112%507 25" 8.96, 8.94 . 950 50.2 ., | 7.4+0.40

}
A
B

i

b

)
Sl

1.

Taylor and Powers (19.)‘3) and«



file:///-olcaiiic

~of about 1/2 km.

¢

o v S

kL . '. \1
182 BLUK RIBBON LINEAMBNT, SOUTHWESTERN UTAI AND EASTERN|NEVADA ;
[ . 1
' N ] !
Panry 2—Moidal data and pe Ilmjruphu xlrnulpilmm of rhyolitcs along the Bluc Iutbbon ltncamcnt IR R :
b ‘ L ‘r
(1,000 points or more counted on thin sections; --- = not, present] : '
< [ oo St
- i
. l ;o i 4
Mineral ' Modes (volume percent). 1t ' i
y A U
I
p— * ,\‘f‘k‘ M '.
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: 00 ) o] Hun it © o
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© ) U K 9 3 R R SO SO
Co 0 g e 3 — ,“knjm W avel.GoH
n gy 0 = ma ) e Mmoo
! ' J . Y :
Plagioclase---—-- 2.9 5.9 0.3 - 1.1 5 0.1 209
Quartz—e—=———=————— 1.3 7.6 .9 Trace 1.7 jf - Trace |
K-feldspar-~---—~ 7.8 5.7 .5 6.7 1.9 - CoLG
Biotite-————mneu—-- .1 1.0 Trace L4 Jd “l o —m— -—
! v Yo . 4
Hornblende———-——~ e ——— .3 Trace Tracer& N e ' ==
SO
' i [ " ' [EI R |
Pyroxene—----~--- — - i 0 Tk LT
Sphene———~——~—-—m —— 1 — —— — e
Opaque minerals-- - .1 ) Trace 24 ‘ 1o === 7 Trace
Croundmasg———m———m 87.8 79.2 97.9 89.5 p 95.1 .+ 99.6 96.5
Xenolithg————=~—-~ — —_—— —— ?.9 _— {““‘;;l RS

t i i

T

i .A«,‘u T

IDevitrified flow-foliated rhyolite containing vapor—phase minerals andrsome feld-
spar microlites. .'|,3 w«

2Devitrified resistant, locally veslcu]ar pink rhyolite from a plug with a dlamete1

‘n

Average of 2 thin segtions. Obsidian and mostlyldevitrified flow—foliated rhyo—
lite containing feldspar microlites and vapor phase minerals. N TCOTI T S ‘
“Average of 5 thin sections. Devitrified poorly welded tuff structure. ,Some'
specimens contain vapor-phase minerals. Scattered- ash-flow tuff, dikes, plugs, and

volcanic mudflow breccia at and near Muddy Hill (2 km southeast of Mlnersville)

SAverage of 5 thin sections. Mostly devitrified flow-foliated rhyolite. Someul"
specimens contain bands of slightly devitrified rhyolite alternatinghwith bands of
lighter colored devitrified rhyolite. Some specimens contain feldSpar microlites, ang
some contain vesicles and spherulites. One specimen is of slightlm devitrified perli-

tic glass. Two specimens from dikes 3 km south of Blue Ribbon Summit, other two from
dome at Blue Ribbon Summit. : ‘ et ‘

cl,tq." |
bMostly devitrified flow-foliated rhyolite that 1s somewhat vesﬂcular and contains’
feldspar microlites. L "utjyﬁkﬂﬁ' ;QM@Ttlixﬂﬁ 3
7Average of 5 thin sections, given in Rowley (1968 P- 319 -321); 1chemical analyses;
of two specimens also in Rowley (1968, p. 44-49). Mostly flow- folfated ‘rhyolite con~’
taining bands of slightly devitrified rhyolite alternating with bands of llghter
colored devitrified vesicular and amygdular spherulitic rhyolite.,. Onersapple .essen-—,
tially nondevitrified perlitic glass; another an intrusive breccia.thour:specimens
from Phonolite Hill, and one from basal glass of a lava flow on the&easéern,flank of '

the southern Sevier Plateau north of Kingston Canyon.” 'ﬁdﬁuﬁﬁ f‘ ;}‘m,
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. EXPLANATION R
CORMELATION OF MAP UNITS | | ' :
[' o] Holocens oo
Vo T ] QUATERNARY
. Ploistocena \ .o
N ot .
o Pigistocene or .| QUATERNARY OR '
g | Pliocens \TERTIARY
, T
Miocene i ¢
Mo lTeRTIARY
oeeng and Miocane and .
Ohgocene(?) Oligocene 3
: t Ve
ot
DESCRIPTION OF MAP UNITS L Lo )
| L
Travertine hot spring deposits (Hotocene) L : f-
Alluvium, 1an deposits, pediment deposits (Holocene and Ple:s(oceno}
Lake Bonneville sediments (Pleistocene}--Lake deposits and al!uvrum in <
Escalante arm of Lake Bonneville i, 1\,' '::
Basaltic lava iows (Pleistocene or Pliocene) : “ ! '
1. t !
Rhygtite ot Dead Horse Reservoir (Miocene) L .
t
STl Rnyolite of Thermo hot springs (Miocene) L
ACERRE o Py
™ Horse Valley Formation {MioCene)--Lava flaws, plugs. and volcamc. .‘ -
: mudtiow breccia of rhyodacitic composition. About 221\9 m, y. old :
T . et
m Mount Dutton Formation {Miocene and Oligocene)--Voicanic mudhow breccia
Tv Volcanics of Shauntie Hills (Miocene and Qligocene ?)--Volcanic mudfiow .

] breccin and tava flows of intermediate composition - §
;
t

CONTACT R . I
——71——— FAULT--Dashed where anpvo-in'vately located. dotted where concealed.
Bar and ball on downthrown side

438 SIRIKE AND DI OF BEDS !

4 KILOMETERS

S SRS ST R 'y

Fictug 3.—Preliminary geologic map of Thérmo hot springs

aren and southern Shauntie Hills (P. 1. Rowley, unpub.
data, 1975) showing distribution of alkalic rhyolite (Trd,
Trt). Note east-trending faults at the latitude of the hot

appears to control the hot
and Lipman, 1975); this interpreta-
tion s supported by geophysieal studies by the Univer-
sity of Utah (Robert Sawyer, oral commun., 1977).

About 10~15 km south and southeast of the Thermo
hot springs arvea, in the northwestern Black Mountains
{Anderson and Rowley, 1975), stratovoleano sources
for rhyodacitic voleanic mudflow brececin, plugs, and
Lava flows of the Horse Valley Formation (22-19 m.y.
old) are exposed.

orthogonal system of faults
springs (Rowley

Most. voleanie rocks (volcanic mudflow breccia and
lava flows) lying north of the canyon cast of Mincrs-
ville and extending south through the Black Moun-
tams belong to the Mount Dutton Formation (26-20
m.y. old). One source for these volcanic rocks of in-
termediate composition is a dacitic(?) plug, the ap-
parent. core of a stratovolcano, at Black Mountain,
about 4 km southeast of Minersville. A major N. 10°

W.-striking fault that passes through Minersville and

springs and of the rhyolite of Thermo hot sprlngs See An-
derson and Rowley (1975) and Fleck, Anderqon and Ro“ley
(1976) for additional detmlﬁ

] -.‘» THEEIT i

; . l\ - L
partly coincides with several centers of silicic tuff south
and southeast of Minersville postdatesln the Miocene
dacitic to andesitic rocks; this silicic tnﬂ'\h"re 18, ca]led“
the rhyolite(?) of Muddy Hilt (table 2).‘ lDot,sons
warm spring (Mundoxﬁ' 1970, p- 43) 051 the ettstern
outskirts of Minersville lics n,kmg a mfw.)ml‘ north-trend-
ing fault zoue. Lee (1908) noted stlica mt‘)unds, indica-
mvn of former hot springs, near North Sprmg ‘about

5.5 km north of Minersville, und Earll (1957 ) recorded
sulfurous fumes and warm water at Oak Sprmg nearly
1 km northeast of North Sprmg .| ' «

Blue Ribbon Sumimit, in the northern Black Moun-

M
tains-about 9 km southeast of Minersville; is Junderlain
by a- dome and lava flows of alkalic rhyohte (ﬁg 4)
that are partly covered by basalt lava ﬁo‘\vs (Anderson
and Row](\), 1975, p. 37). The rhyolite ylelded 8 new
K-Ar age of 7.4 m.y. (table 1). Alkalic r'hyohte also is
exposed less than 3 lam south-southeast of Blue Rlbbon
Summit. These rocks, here called the rhyohtc of Blue

)
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EXPLANATION . . :
CORRELATION OF MAP UNITS i

or Pleistocene of ‘1 QUATERNARY OR .

o Pliocene f TeRTIARY C e :

14 ;

. | ‘ :

Tr Miccene \ . :
] i

Tma Miocene and . )

Tm Olgocene ! * !

1 4

. Miocene ar |t TERTIARY ' !

Oligocene . {

i shrt :

Tn Otigocene , L. I

' o Vo, .

Te Ofigocene ang [ t

Eocene : ! .

DESCRIPTION p'F MAP UNITS

QT Basaltic lava llows (?jeis(ocene ar Pliocenel» '

EELAR

'_Tr, Rhyome o! Blue R.bbon Summil (Muocone)

Mostly volcanic mudHow brecc:a of Mount Dutton
Formation (Miocene and Ohgocene) !
Ash-flow tuft membet of Mount Dutton Formation !

™

Tma {Miocene and Oligacene)’ !
Ti lsom Formation (M:oggne or Qligocene)~-Ash~llow

tuft about 26 m. y. old A
Tn Needies Range Formiation (Oligocene) --Ash-fiow i !

tuft about 29 m. y. oid ,

Te Claron Formation’ (Ohgocene and Eocena) Sandsmne
and limestone v . .

k l

CONTACT
——g— FAULT--Dashec where aporonmately ioca\ed
:Bar and ball on downmrown side

STRIKE AND DIP OF BEDS
inclined i

Sy N !

! Vertical '
0 R o 3 KILOME TERS Harizantal .
L ! { [ HYDROTHERMALLY ALTERED ROCK

Ficurr 4. —D'reliminary geologic map of’ the Blue Ribbon Summit area, northern Black 2 ’\{ountnlins (P ‘D. Rowley. unpub
datn, 1075}, showing distribution of alkalic rhyolite (Tr). See Anderson and Rowley (1975) and Fleck ‘Anderson, and

Rowley (1975 for additional (1('m1x
Ribbon Summit, are mostly perlite and devitrified rhy-
olite; obsidian 1s rare (table 2). Vents of alkalic basalt
lie 1-2 km east of Blue Ribbon Summit. The rhyolite
and basalt are eut by north-northeast-striking faults,
most with displacements of less than 50 m,

A dissected rhyolite dome, the rhyolite of Teddys
Valley, oceurs in a similar «vcolo«rn, setting, and of an
assunied similar age, 10 km east of Blue R\bbm\ Sunt-
mit (table 2). It covers an area of about 0.2 km? just
rorth of Teddys Valley and is partly covered by basalt
that 1s transected by north-northeast-striking faults.

Nevershine Hollow, draining north, and Fremont
Wash, draining scuth, separate the Black Mountains
on the west from the Tushar Mountains and Marka-
gunt Plateau on the east. Dacitic, coarsely porphyritic
Inva flows of the Beaver Member (25 m.y. old) of the

-Mount Dutton Formation and their probable plutonic

source were mapped by Anderson and Rowley (1975)

'l.

i

east and west, respectively, % Never@hme Hollow. Eas
of Nevershine Iollow, J. J ' Anderson (unpub dats
1976) mapped a small calders less than 3 km in longes
diameter that crupted a grezm poorly welded to non
welded silicic ash-flow tuﬂ'?(Rowley and Anderson
1975, p. '12). This rock is|crystal poor e\(cept fo
abundaut tiny hornblende crystals‘ The tuff, as well a.
ealdera hreceia and land%hde breccm, occupxes the in
ner sides of the caldera und the low ‘grassy 'valley, i
the interior of the caldern. Some tuff also oceurs 1
Nevershine Hollow. The caldera is cut by numerou
youthful basin-range i'aults of relatlvely small dls
placement. - The topographic expréssmn of the calden
and the presence of the tuff exhumed from Nevershm
Hollow argue that the caldera and tuff are young:
probably Pliocenc or late Mloccne, and thus the tuff i i

roughly correlative in age w1th other’ 1hy011tes alon;
the lineament. l(l :

7R : TS



“of the Mount Dutton IFformation.

ROWLICY

A very arge positive magnetic anomaly  (Fppich,

1973 Zictz, Shoey, and Kirby, 1976) underlies the
southern Tushar Mountains,-on line with the Blue

Ribbon linecament. Major vents of the Mount Dutton
Formation, the Dry Hollow Formation (22 n.y. old),
older basalt flows (22 mey. ol yoand perhaps younger
(upper Cenozoie) basalt lows (Anderson and Rowley,
1975) ocenr on the linemment in the southern Tushar
Mountaing. The largest of these vent structures is iden-
tiiied by the presence of alarvge arceuate fault, convex
sontlovard, that was mapped by J.J0 Anderson (un-
pube data, 1974) on the southern side of Birch Creck
Mowntain near the southwestern side of the large posi-
The fault is of major dis-
placement that is down on the northern side and is
considered to rellect collapse due to eruption of magma
The fault probably
is the partial surface trace of a deeply eroded caldera,
about 6 km in dianeter, that is concealed on the west-
ern, northern, and eastern sides by basin-range faults
and vounger

{ive magnetic anomaly.

rocks. Locations of other nearby major

Anderson, unpub. data, 1976) of
the Mount Dutton Formation—marked
and

vent complexes (J.)
L by dike swarms
by’ ]x\dxolh(\lnm]]\
altered rocks—inelude the following areas: Cireleville

(Rowley 197h, p. 25), two
places about 4 km west and west south\wst of Circle-
vitleo two places about 12 km cast of Nevershine 1ol-
low. and several places on the southeastern flank of the
Tushar Mountains (Civeleville Mountain ohd north)

antoclastie flows ad loeally

(invon and  Anderson,

between the Tatitudes of  Junction antl Cireleville
{ Donglas Kohout, unpub. data, 1972). A dike swarm
vent area for older basalt flows oceurs in Little Dog
Valley about T ki south-southwest of Cireleville. A
farge Taccolith of Oligocene age, the Spry- pluton, and

several mferred Taecoliths of Miocene age occur in the

northern Markagunt Plateau along the southern side

of the Blue Ribbon Hineament. (Anderson and Rowley,
1075, po 1617, 38-39) 5 the Spry pluton, in partienlar,

forms a Iarge positive acromagnetic anomaly (Ippich,

1973, p. 38-39).
At the extreme eastern end of the Hneanent, exten-
sive alkalic rhyolite occurs in the eastern Kingston

Here

Canyon arca of the southern Sevier IPlateau.

three plugs of alkalic rhyolite underlie an area of 1
ki near the bottom of the eanyon, and lava flows of

alkalic rhyolite about 300 m thick underlie an area of
36 km® on the Sevier Platean north of the canyon and
in Grass Valley east of the plateau (Rowley, 1968,
pl. Rowley Anderson, 1075, po 27). A
nounced positive anomaly, shown on the acromagnetic
map (fig. 1.1), under the rhyolite suggests the presence
of a shallow intrusive body beneath the anomaly. The

lel(l pro-
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possibility of a shallow intrusive body is sn_:lggcst‘,cd be-
rhyolite are magnetically
benign and rarvely give rise to pronounced magnetic
(G. . Bath, oral commun., [1976). The
lnvgest. vhyolite plng in Kingston Canyony probably a
main vent Tor the lava flows, was pictured by Dutton
(1880) in his classic report and the rockiwis named
phonolite, althongh Dutton noted that thd samples he
collected were too altered for microscopic (xnni'mltion
Chemistry and petrography  clearly show that the
phigs and flows are mostly devitrified Ihyohtc (table
2) 5 minor obsidian at the intrusive contacts of the

CRNSE Invas, in general,

anomalies

plug and at the base of the flows, as well as pexhie .

the rock. On Lh(, basis of petro-
graphic shmilavity, the rhyolite in Kingston Canyon
was correlated (Rowley, 1968; Anderson and Rowley,
~1975) with the Mount Belknap Rhyolite, which has a

composes some of

K-Av age of aboit 21-17 m.y. (Bassett 'and others,
1963; Cunningham and Steven, 1977;" Steven: and

others, 1977). The rhyolite in Kingston Canyon may
be considerably younger than the Mount Belknap
Rhyolite, however. The rhyolite of the phws and Java
flows is here called informally the rhy olite of Phono-
lite IHll, !

Most, dacitic to andesitic voleanic centet's along the
Blue Ribhon lincament probably are late Oligocene to
middle Miocene (27-20 m.y.) in age, in keeping with

the middle Tertiary voleanic sequence that character-

izes this part of Utal (Anderson and Rowley, 1975).
The four dated centers of alkalic rhyolite along the
Blue Ribbon lineament, however, are revealed to be
middle to late Miocene (20-7 m.y.) in age, generally
correlative in age with the upper Tertiary and Qua-
ternary sequence that roughly coincides with basin-
range faulting (Anderson and Rowley, 1‘)7’” Rowley
and others, 1977). The four
progressively younger toward the east. IIamblm and
Best (]975) and Best and Brimhall (1‘)74), among
other workers, observed a similar eastward® pngessxon
of ages in upper Cenozoic basalt centers in extreme
southwestern Utah and northwestern Arizona. They
attributed the progression to an castward’ l‘mgmtlon of
basinsrange block faulting. )

Topographic and structural features ,(

The Blue Ribbon lineament is marked bjf gross east-
trending topographic and structural pattems. The
mountains are both topographically and structurn]ly
higher on the northern side of the lineament than on
the southern side. In fact, the sonth-fa'ciné' step in to-
pography 1s similar in trend, :nnp]itude,f‘ and facing
direction to that of the lineament at 37° N, (G. P

rhyolite centm% get

v, ”‘\P
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Baton, written commun, 1976). Fast-striking fuults,
rare in this part of the Great Basin where most faults
strike north-northwest. to north-northeast, also chnr-
acterize the lineament. South of the hm‘nn(‘nt casl.-
striking faults are rare or nonexistent. lnp()gt‘lphic
and structural features are discussed from west to east.

The long linear north-trending Mountain Home
Range and Wah Wah Mountaing and intervening Pine

Valley are broken up within and south of the linea-

ment into a series of scattered hills with no clear trend
and with no major valley separating them (fig. 1.4).
TTowever, these hills form a block of east-trending high
gl'()lxlnl lh.lt 1s nearly continuous with the Black Morn-
tains and High Plateaus to the east (fig. 14). Paleo-
zoie rocks are exposed widely in the Mountain Home
Range and Wah Wah Mountains north of the linea-
ment, but are exposed only sparsely south of it; this
suggcsts that the northern area is structurally higher
than the southern aven. Taylor and Powers (1953) and
Hintze  (1963) mapped ecast-striking faults in the
mountains north of Indian Peak and north of the
Staats (Monarch) mine-Blawn Mountain arca. Land-
sat images clearly show large east-trending lnear fea-
tures, presumably faults, just south of ITndian Peak and
thes Staats (Monmreh) mine-Blawn Mountain area.

The Shauntie IHills and other hills forming the
southern end of the San Francisco Mountains termi-
nate abruptly on the northern side of the lineament,
(fig. 1.1). Paleozoic rocks are widely exposed in these
areas, Many east-striking Faulls ave mapped (Hintze,
1963) through these hills, and are considered by Baer
{1962) to be vounger than the faults \\'ith nm‘l‘} erly
trends, even though younger(4) uplilt. of these hills
secems to be more strongly influenced b\ nmth striking
fuules. T

A deep east-trending eanyon along the lineament
east of Minersville separates the low Black Mountains
to the south from the high Mineral Mountains to the
north. The northern edge of the Black Mountains has
an casterly trend for over 50 km. A major north-
trending fault zone, which terminates the western side
of the Mineral Mountains, offsets the easterly trend of
the northern Black Mouutains at Minersville; the
northern fhank of the eastern Black Mountains is 6 km
north of the northern flank of the western Black Moun-
tains, The southern part of the Mineral Mountains has
a ceneral plunge to the south, and Paleozoic and Meso-
zoie rocks, abundant to the north; are exposed in only
a few small arcas in the northernmost Black Moun-
tamns. The southern Mineral Mountains and northern
Black Mountains ave broken into scores of small blocks
by the intersection of northerly and easterly faults.
Numerous vast-striking faults occur in the southern

Mineral Mountnins and n(n'l’t,hcrn Black Mountaing
(Hintze, 1963; 12, D, Rowley, unpub. data, 1976). They
ave confined to an cast-trending zone that extends frou
about 10 kin north to about 6 'km south of Mincrsville

(A major cast-striking fault_ /(me ¢ (Farll, 1957; Hintze

1963) passes through lho Miner ul ’\[onntmns ubout J
km north of Mine
lincament, The aren nmth ()f t,hc fﬂult zone lms b(,u

"uplifted more than 350 m (Larll, 19.)7, p. 67) relative

to the southern side. The huge, young Mineral Moun
tains bathelith is on the northérn side of the fault zone
At least some cast-striking fdults, as in the Jscalante
Desert. north of the western Black Mountains, ar
clearly Quaternary (fig. 3). A swarm of north-striking
faults, extending castward ‘in the valley betweer
\Imms\ ille Reservoir and Beaver, are also Quaternary
(1. J. Anderson and I’. I). Rowley, unpub. data, 1976)

The lineament crosses the Wasatch Front near
Beaver and passes along the southern edge of the
Tushar Mountains, which 1.1ng(, in altitude from 300C
to more than 3400 meters, and along the northern edge
of the lower Markagunt ]’1.1tc'au which ranges in alti-
tude from 2100 to 2600 m. The Tushar Mountains are
nueh higher structurally than'the Markagunt Plateau;
Mesozoic rocks arve exposed in the former but not the
tatter avea. The abrupt sonth-facing scarp between the
southern Tushar Mountains and northern Markagunt
Platean (at the southern side of the lineament) prob-
ably was not cansed by east-striking faults. For the
Tushar Mountains, however, vertical offset along
northerly striking faults certainly was much greater
and the type of faulting was different; horsts and
erabens characterize the northern Markagunt Plateau,
but. a single giant. horst forms the Tushai Mountains.
Intersecting  north-northeast! and north- northwest.-
striking faults prodiuce rhombic blocks along the
south-facing mountain front; }'thesc are belicved to re-
flect. t\\an due to (hffment senses of tilting between
the Markagunt Plateau and Tushar Mountains (P. D.
Rowley and J. J. Anderson, n‘\npub. data, 1976), along
the Blue Ribbon lineament. On the southern side of
the Hneament, Anderson (1965, 1971) mapped major
cast-striking fanlts, about 24 m.y. old, that controlled
part of the distribution of rocks of the lower Miocene
Buckskin Breecia and Bear Valley Formation.

Near its eastern-end, the-lincament underlies the
1200-m-deep Wingston Canyon ‘where an east-flowing
antecedent stream  crosses the Sevier Plateau. The
Sevier Platean is slightly lnghcl north of Kingston
Canyon than it is sonth of the canyon. The western end
of the canyon is incised in fault blocks of the Sevier
fault- zone. The Sevier fnultl zone, along which the
western side of the Sevier Plateau is uplifted, consists
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of en echelon fanlts that strike north-northeast south
of the Blue Ribbon lincament and north-northwest
north of the lineament (Rowley, 1968). These two scts
t l():f\ faults interseet and produce a rhombic pattern of
fault blocks in the castern Kingston Canyon region. A
similar, but mirror image, zone of intersecting faults
acenrs A0 ki to the novth (P D, Rowley and J. J.
Anderson, unpub. data, 1976) at the eastern end of
the canvon of Clear Creek and the northern edge of the
I’ioche mineral belt and on the east-trending lincament
fat 380307 N Just west of Clear Creek, Crosby

1 (1973) and Cook and Montgomery (1974) postulated

rizhi-lateral offset of the Wasateh Front along a hy-

pothetical cast-trending transverse fault.

Mineralized and hydrothermally altered areas

Mineralized and hydrothermally altered rocks are
the major features in several areas along the Blue
Ribbon lineament in Utah. Fluorine, uranium, and
tupigsten minerals arve the most important additions.
Many mineral oceurrences along the lineament are in
he voungest rocks and commonly oceur near centers of
relatively young atkalic rhyolite. In contrast, mineral-

wed and hydrothermally altered rocks are essentially

mknown south of the hineament in the Black Moun-
ams. Markagunt Platean, and Sevier Plateau. There
s grood posstbility that additional deposits of these
i other minerals may be present at shallow depth
ong the Tineament. For this reason the deposits and
iteved roek will be deseribed in detail,

Dwdian Peake mining district and. vicinity.—The Tn-
ealled Washington
Diztriet) in the southern Mountain Home Range (fig.

fan Peak mining distriet (also
PAY was  leading producer of fluorspar in southwest -
an Utahe (Thueston and others, 1954) but_now s
avgely dnactive; uranium has also been reported
he distriet. The Cougar Spar mine is the main pro-
bieer (Whelan, 1973). The rocks in the district consist
argely of faulted and hydrothermally altered ash-flow
uff of the Oligocene Needles Range Formation (Bul-
ock, 1976). Most fluorspar oceurs as veins in 'm(l neai
(Thurston and others, 1954). The de-
0sits may accompany or postdate rhyolite or one or
nore. Tertiary porphyritic plutons that have been
napped in the arvea (Thurston and others, 1954;
Hintze, 19635 Bullock, 1976).

Staats (Monareh ) mine=Blawn Mowntain area—The
Staats (Monarch) mine and Blawn Mountain area,
Uso known as the Pine Grove mining district, in the
southern Wah Wah Mountains (fig. 1.1), has been an
‘ntermittent minor producer of fluorspar and lesser
araninnt and base metals for many years. Fluorspar at
‘he Staats (Monarch) mine occurs as lenticular shoots

weecin Zones
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in the fanlted, hreceiated, and hy(lrothcrmnlly altered
contact. between alkalic rhyolite and lower Paleozoic
saurbonates (‘Thurston and others, 1954; Whelan, 1965,
1973: Bullock, 1976). Uranium (uraninite, autunite,
uranophane, and metatorbernite) occurs as impregna-
tions and coatings on fluorite (Whelan,t 2965). At
Blawn Mountain, Whelan (1965) mapped. intensely
hydrothermally altered rock (kaolinite, alumite, silica)
and minor minerealized rock (iron, uranium, fluorine)
at. the contact between Tertiary rhyolite'and lower
Paleozoie earbonates and quartzites. Alunite resources,
perhaps related to ancient hot springs, recently have
been discovered in and north of the Blawn Mountmn
aren (William Walker,

Tarth Sciences, Inc. oral com-

mun., 1976). ‘l‘nt’cnscly hydrothermmally altered rocks’

oceur about 5 km east-southeast of the Staats (Mon-
arch) mine (R. K. Glanzman, oral commun , 1976).
Shavntie ITills.—All rocks in the southern Shauntie
Hills (fig. 3) are hydrothermally altered and silicified
to some degree, and the most intensely altered rocks
are ul]a(-cnt to plugs of the rhyolite of Dend Horse Re-
servoir, prompting Erickson and Dasch (1963) to sug-
gest that at least some alteration is due to emplacement
of the plugs. No detailed work has been done on the
ty pes and amounts of mineralized and altered rocks.
Significant mineralized and altered rocks are ex-
posed elsewhere in the Shauntie Hills and areas to the
north (Hintze and Whelan, 1973). For example, 7 km
north of the rhyolite of Dead Horse Reservoir, String-
ham (1963) mapped an 11- by 2-km cast-trending belt
of mineralized rocks (sulfur related to former hot-
spring activity, uranium minerals, and hcn'mtite) and
hydrothermally altered rocks (mostly alunite, kaolin-
ite, and silica). Undated rhyolite plugs occur north of
the belt (Stringham, 1963, pl. 4; Erickson, 1973 P. L.
Willinms, oral commun. 1946) rmd may h‘we ploduced
some of the minet .lh/(‘d and altered rocks; mineraliza-
tion postdates rock of the 24- to 21-m.y, old Qumh&pa
Group. L
Northern Black Mountains and southern Mineral
Mountaing—T,ocal aveas of intense hydrothermally
altered rocks occur along the northern edge of the
Black Mountains (Erickson and Dasch, 1963 1968) but
few introduced metals other than minor iron have been
recorded. The Jarloose mining district (Erickson and
Dasch, 1968), several kilometers southeast of Miners-
ville, has several mines, but the type of mineral deposit
1s not known and qppmontly no ore was produced The
area is broadly }ndrothermnlly altered at and outward
from Black Mountain, which is underlain by a Ter-
tiary dacitic plug. Probably this plug was a main vent
for lava flows and volcanic mudflow breccia of the

Mount Dutton Formation in this area, and the vent
: g ve
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aren likely was the source of altered and sparsely min-
eradized rocks. .
Most. rocks near Minersville are mineralized and
hydrothermally altered o some degree, and, as its
numne sugeests, the town was a mining center duving
its early days. Copper staining is visible in rocks.ex-
posed below a disseeted pediment about, 1 km northeast
of Minersvitle. Lincoln mining distriet, in the southern
Mineral Mountains about 5 km north of Minersville,
produced mostly lead, silver, and zine. Bradshaw dis-
trict, 8 km north of Minersville, produced tungsten,
cold, silver, and lead. Granite distriet, about 13 km
northeast. of Minersville and continuing farther north
along the eastern side of the Mineral Mountains, pro-
dueed mosily tungsten (Hobbs, 194355 Karll, 1957) 5 the

“peryliuny mineral helvite was discovered in this dis-

trict, by Sainsbury (1962). Minor fluorspar also oceurs
in the Bradshaw and Granite districts (Bullock, 1976).
Most minerals north of Minersville ave contact-meta-
morphic and fissure-vein deposits that formed during
intrusion of the young Mineral Mountains batholith.

Sowthern Tushar Mountains and vicinity.~—Mineral-
ized and hydrothermally altered rocks occur in inost
of the Tushar Mountains, including the southern end.
One of these, in the southern Birch Creck Mountain
arvi, was mentioned by Anderson and Rowley (1975,
p. 28); it consists of intense hydrothermally altered
rock, meluding silicified sandstone, in a north-north-
west-trending zone at least 4 kfi Jong, and it postdates
rocks of the Mount. DuttonFormation. On the south-
ern side of the Blue Ribbon lineament, cinnabar de-
posits, sihicified rock, argillic altered rock, {luorspar,
and other minerals have been reported (Doelling, 1975,
p. 139-143) on the northwestern side of the Spry
pluton, o

Fastern Kingston Canyon and wvicinity.—XKingston
Canyon, cut in the southern Sevier Plateau, contains
seattered patches of intense hydrothermally altered
rocks, at least some of which arve associated with rhyo-
lite plugs (Rowley, 1968). Antimony and arsenic have
Leen mined cast of the town of Antimony (Daclling,
1975).

BLUE RIBBON LINEAMENT IN NEVADA

Because of our lack of firsthand knowledge of the
geology of castern Nevada and because of the absence
of a detailed aeromagnetic map of this region, the
extension of the Blue Ribbon lincament into Nevada is
more speculative, and the discussion brief. At 113°307
W., in Utah, the southern branch of the Pioche mag-
netic ridge crosses the Blue Ribbon lineament and
extends  west-southwesterly into Nevada, where it
terminates at the north-tvending “quiet” magnetic zone

| ‘
(Katon, 1976; Stewart and others, 1977; Eaton, unpu
data, 1976) and at the western end of the Delama
Iron Springs mineral belt of Shawe and Stewa
(1976). '

The northern braneh of the aeromagnetic expressic
of the Pioche mineral belt (ﬁfr 1), as shown on tl
seneralized acromagnetic map'of Stewart, Moore, i
Zictz (1977, fig. 5), extends westward into Nevada |
far as 115° W., where it terminates at the quiet zon
The Blue Ribbon lineament coincides with the crest
this northern hranch and is ceritered at about 38°10” ]
A large cast-trending magnetic high at 38°10” N. u
derlies the White Rock Mountaing and_Wilson Cre
Mountains, The crest of this high, in the Wilson Cre
Mountains, is overlain by allarge area of rhyoli
(Stewart and Carlson, 1975) i the area has not be
mapped in detail, but Tschanz and Pampeyan (197
noted that glassy flows and %i{';niﬁczmt reserves of pe
lite occur there, near the Hollmger mine. The ma
netic high may reflect a pluton at depth. :

The lincament passes through the southern edge
the next two ranges to the west the Fairview and tl
Schell Creek; the area is underlain by a circular ma
netic high, and rhyolites and east-striking faults a
known at the surface (Tschanz and Pam‘pcyan, 197
Stewart and Carlson, 1974). The lmrgest exposures’
rhyolite are in the southern Fairview Range; here ¢
rhyolite is described as perlitic pitchstone (Westga
and Knopf, 1932, p. 32) imd is the site of one
Nevada's largest perlite mines (Tschanz and Pa
peyan, 1970. A Tertiary gr anodlomtc pluton is nmpp
in the southern Schell Creek Range (Tschanz a:
TPampeyan, 1970). \ _ ,

The north-trending magnetic quiet zone is just wi
of these ranges, from about 115° to 116° W. and’
expression of the lincament, can be seen on the gro
acromagnetic maps a\(n]able.‘ Even though aerom:
netic. expression is not evident, the geology at ,t
surface suggests that the lineament passes through t
guiet, zone. Thus large rvhyolitic intrusive and extrus
masses underlic the Quinn ‘Canyon Range at ab
38° N. (Stownrt and Carlson, 1974), and, from ¢
fo 38°25” N.; the range is dotted by numerous mi:
which have pmduced ﬂuoxme uranium, and tw
sten; and which contain occnrtences of berylhum (T
Geological Survey, \Icvnda\lBuges@u of Mines, 19
Shawe, 1966; Sainsbury and  Kleinhampl, 19
Tschanz and Pampeyan, 197 0) Just west of the Qu
Canyon Range, at 38°10” N.} is the oastem end of
Warm Springs lincament of Ekmen and others (197
here the ‘Warm Springs lineament exhibits interr
tions of acromagnetic anomalies (U.S. Geological S
vey, 1968). ' '

i e
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CONCLUSIONS

Although the genesis of east-trending mineralized
“structural belts in the eastern Great Basin is poorly
known, it is possible to draw a modest set. of conclu-
sions from the observations on the Blue Ribbon linea-
The lineament is a fault zone, as indicated by
alinement  with

ment.,
alinement features,
acromagnetic contours, and coincidence with major

high-angle faults. Although at least some major faults

of topographic

of the Warm Springs lineament have strike-slip move-
ment, (Ekren and others, 1976), only dip-slip move-
ment s known for major faults along the Utah por-
nion of the Blue Ribbon limeament. The lower topog-
ruphy and struetuve south of the lincament indicates
that cumulative throw is down to the south: Major
post basin-range transcurrent. movement is not indi-
cated along the lineament in Utah because the basins
andd ranges and related struetures ave not known to be
offset Lty Ty, Strike-ship movement along the linea-
mwent might have ocenrred prior to about 20 m.y. ago,
however. Alternately, the Blue Ribbon lincament in
Utalhh may be an ineipient strike-slip fault. This is
suggested by a general similarity between the fault
patterns along the Blue Ribbon lncament and those
Riedel shear patterns of “peak stracture” illustrated
by Pehalenko (1970, fig. 9). East-striking fanlts of the
Blue Ribbon lmeament. are rarve east of the Wasateh
Front, indicating that the fault system dies out
castward, -

The age of the lineament is unknotn, but igneous
and (or) hydrothermal activity along the lneament
started 20 muy. ago or carlier and continued to at
least s late as 7 may. ago, as indicated by new K-Av
ages of rhyolites, and probably to as-young as Holo-
cene, as suggested by the presence of past and present
hot springs. Thus 1t has been a persistent. geologic
feature, IPurthermore, it is generally coincident with
extenstonal rifting of the eastern Great Basin, Rhyo-
ite and basalt along the hincament, for example, are
corvelated with Anderson and Rowley’s (1973) upper
Pertiary and Quaternary sequence (20 nuy. to present),
which 1s generally synchronous with basin-range de-
velopment in this part of Utah (Rowley and others,
1977) and with young extensional tectonies in the
woestern United  States  (Christiansen and  Lipman,
1972). Some features on the ineament, however, belong
to the middle Tertiary sequence (Anderson and Row-
fex. 1975), and still others may date to early Tertiary
or older.

Phe lineament fracture system extends to a depth
where partial metting and fractionation of the rhyo-

Ite magma ocenrred. As the magua rose along the
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fracture system and the pressure decrensed, metal-
lnden hydrothermal (luids were released.. Thus the
Jineament should serve as a guide to mineral explora-
tion beeause it marks the locus of a fmctul(, systen
that controlled the migration of mmcm]lzmg solutions.

The larger mechanism of control of 'such faults is
open to question, but, Stewart, Moore, and Zietz (1977)

hypothesized that east-trending features may be due.

to aast-trending warps in the subducting mantle plate,
and credited @me of us (Lipman) with preliminary
suggestion of the idea. Another possible explanation
is that the Blue lineament was or is part of an
intracontinental transform fault, which extends from
a zone of clear strike-slip faulting (Warm Sprmgs
lincament) eastward along strike to the forerunning
fracture zone and from there to die out in the Colorado
Plateaus province. The K-Ar ages of rhyo]xtes sug-
west, that at least some parts of t,hc fanlt system
are younger eastward, in keeping wmh recent ideas
on the castward expansion of the N\stcrn Great Basin
(Best and ITamblin, 1977) The B]uc‘Rlbbon linea-
ment is parallel with the general worldwide pattern
of transform faults (Moore, 1973). At right angles
to the lincament, classical northerly trending basm-
range faults of t.ho, same age as the lineament occur

in tke extension direction, analogous to the trend in
the extension direction of spreading lmes in an ocean '

basin and rifts on a continent where they are parallel
to and above the typical (Moore, 1973) north-trending
spreading ocean ridge. Both hypotheses need consid-
erable further testing, however, and resolution of the
genesis of m.st—hendmg features in the Great Basin
must. await new studics. )

¢
‘
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Oligocene and Miocene metamorphism, folding,

and low-angle faulting in northwestern Utah
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ABSTRACT

An area of 3,000 km?? in and around the Grouse Creek Moun-
tains and the Raft River Mountains exposes Precambrian,
Paleozoic, and Triassic sedimentary rocks that were folded several
times and displaced tens of kilometres on low-angle faults. Over-
rurned folds and local imbrications indicate transport wesrwgrd
and northward during two episodes of m_eramorphlc defomanon
and transport eastward after metamorphism. Metamorphic grade
increases downward in the allochthonous shftegs and fxutochthon
and increases westward in the autochthon. M{nergl grains are flat-
tened into the horizontal plane, and shear strains Increase upward,
suggesting that the deformations.were caused -by gravity acting on a
broadly heated dome. Rb-Sr dating of granitic p]utor')s affected by
the deformations indicates that (1) the area is upder]am by adamel-
lite, about 2.5 b.y. old, in which deforma’tlon decrca_sed pro-
gressively downward; (2) the first metamorphic deformation prob-
.ably ended before 38.2 Z.Q m.y. ago; and (3) the second
metamorphic deformation was still underway 24.9 + 0.6 m.y. ago.

High-grade allochthonous rocks that lie on low-grade parts of
the autochthon indicate as much as 30 km of eastward transport
after metamorphism. Parts of the dome sagged to form broad ba-
sins 12 m.y. ago, and the coarse sediments and tuffs that accumu-
lated in them were overrun by a]Joc}}thonogs sheets measuring at
leasi 11 by 19 km. Two Rb-Sr mineral isochrons and several
fission-track ages indicate that some parts of the area cooled below

“400.°C only 10 m.y. ago.
INTRODUCTION

The area studied is one of many in the_ re.:gion that expose low-
angle faults of Mesozoic or Tertiary age; it is glso'one of abour 20
localities where metamorphism and deformation were partly con-
current {(Fig. 1). The map shows the great extent of tb¢sq fearures
but also presents a problem in interpreting themn. The ]p;a]ltles west
of the belt of upthrusts are shown as separate dots because each is a
mountain range surrounded by extensive alluvium. Folds and faults
are superbly exposed in the ranges, but most are t0o complex to be
connected reliably across the'broad intervening basins. The belt of
upthrusts, which is exposed more continuously, provides ample
evidence of major eastward thrusting in Late Cretaceous and early
Tertiary time, but contemporaneous tectonic features have been
dated in only a few localities to the west (Hose and Blake, 1976;
A. Snoke, 1974, oral commun.) Isotopic data from the western
localities suggest a wide range of igneous rock ages, few of whlgh
have been artached firmly to tectonic events. A major Problcrp is
that K-Ar ages have been variably reset by Cenozoic heating.
Nonetheless, the regional history has been interpreted by several
persons {Misch, 1960; Roberts and others, 1965; Armstrong and
Hansen, 1966; Armstrong, 1968b, 1972; Roberts, 1968; Hose and

, Stanford University,
VICTORIA R. TODD U.S. Geological Survey, Menlo Park, California

} U.S. Geological Survey, Denver, Colorado 80225

Stanford, California 94305
94025

Danes, 1973; and Roberts and Crittenden, 1973). These histories
are too varied to review here, but some events pertinent to our
study have been assigned ages so consistently as to seem firmly
dared: (1) the Grouse Creek—Raft River area lay in the hinterland
of a broad belt of west-to-east thrusting (or sliding) during Creta-
ceous and possibly Late Jurassic time; (2) metamorphism in the re-
gion was concurrent with deformation during the early part of that
period only; and (3) starting no later than middle Tertiary time, the
entire region underwent extension and consequent high-angle fault-

ing, so that thrusting must have ceased.
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Figure 1. Tectonic features near area studied. Open circles = places
where low-angle faults of Mesozoic or Tertiary age have been reported;
solid circles = places where metamorphic rocks were involved in deforma..
tion. 1, Ahlborn (1973); 2, Hazzard and Turmner (1957), Misch and Haz-
zard (1962); 3, Young (1960); 4, Misch (1960), Hazzard and Turner
(1957); 5, Howard (1966), Kistler and Willden (1969); 6, Armstrong
(19682); 7, Compton (1969, 1972); 8, Todd (1973); 9, Thorman (1970);
10, Woodward (1967), O'Neill (1969); 11 and 12, Anderson (1931); 13,

Moores and others (1968); 14, Nelson (1966, 1969), Nolan (1935); 15, 01- |

son (1956); 16, Schaeffer and Anderson {1960); 17, Willden and others
(1967); 18, Whitebread (1966), Lee and others (1970); 19, Dover (1969);
20, Misch (1960); 21, Woodward (1964); 22, Misch (1960); 23, Kerr
(1962); 24, Fagan (1962); 25, Riva (1970); 26, Cebull (1970); 27, Drewes
(1967); 28, Tchanz and Pampeyan (1970); 29, Thorman (1970); 30,
Oversby (1972); 31, Slack (1974); 32, Peace (1956). Thrust faults arc
from King (1969).

Gedlogical Socicty of America Bulletin; v. 88, p. 12371250, 13 figs., September 1977, Doc. no. 70903.
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The dates determined in this study therefqre seemed surpfi'si‘ng,
as did the directions of tectonic transport d}mng mctamo_rph|§m._ln
brief, our data indicate that metamorphism and folding in fhe
Grouse Creek—Raft River area were going on as rcgcntly as 20 m.y.
4go, that metamorphic flow and low-angle faulting were mainly

Canyon

=2 T

COMPTON AND OTHERS

northward and westward rather than castward, that some
allochthonous sheets traveled 30 km castward after metamorph-
ism, and that allochthonous sheets were ‘emplacec placed Tocally onto
T1-m.y.~old sedimentary and volcaniclastic rocks. We present our

age data here and briefly describe structural relations. Geologic
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Figure 2. Structure map of Grouse Creck Mountains (north-south outcrop), Raft River Mountains (cast-west outcrop), and vicinity. High-angle faults

have been omitred. Black = upper allochthonous sheet; dots = middie sheet (and subsidiary sheets derived from it), s = lower sheet; a = autochthon; g =
Tertiary granitic bodies. Dotted boundaries = depositional contacts with Cenoz

oic rocks; T = allochthonous sheets on Tertiary beds. Heavy dashes show

axial trends of first metamorphic folds and lineations; thin unbroken lines show trends of second metamorphic folds and lineations,
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maps and many lithologic and structural details are available
(Copmpton, 1972, 1975; Todd, 1973).

ROCK UNITS AND LOW-ANGLE FAULTS

The Raft River Mounrtains expose two major allochthonous
sheets that lie one above the other on an autochthon consisting
mainly of Precambrian rocks. The Grouse Creck Mountains are
similarly composed but include a third, sall higher shect along their
western flank (Fig. 2). The Matlin Mountains and other low hills
east of the Grousé Creek Mountains expose one or more north-
northeast—striking, westward-dipping low-angle faults along which
sheets of variably metamorphosed upper Paleozoic limestone and
sandstone were carried over thick unmetamorphosed limestone and
sandstone of similar age (V. R. Todd, unpub. data). In many places,
these thin sheets were emplaced on upper Miocene tuffaceous
sandstone and fanglomerate (Fig. 2). The faults are exposed dis-
continuously for a distance of at least 19 km from north to south
and for 11 km from east to west. Similar sheets lie on Tertiary beds
at the north end of the Bally Mountains and at several localities in
the Grouse Creek Mountains {Fig. 2}. Fossils collected by Sranford
field students at one of the latter localities include gastropods that
were studied and assigned a late Miocene age by James E. Firby
(1973, written commun.). '

Deformed upper Miocene beds show that the Raft River Moun-
tains formed as a doubly plunging east-trending anticline in
Pliocene time and that the Grouse Creek Mountains formed at
about the same time by arching and high-angle faulting. Erosion
has exposed the autochthon to depths of 900 m in both ranges but
has left enough klippen and peripheral patches of the allochtho-
nous sheets so thar they can be projected confidently over most of
the mapped area.

Although folded in detail, the allochthonous sheet§ and au-
tochthon are rudely stratified and were more or less horizontal be-
fore the mountain ranges formed. Figure 3 shows their total strad-
graphic succession as well as the .rypical posftions of the principal
low-angle faults. Recumbent folding locally inverted the sequence,
and low-angle faulting attenuated it and locally repeated it, but
most of the rock units in the figue are generally present in the order
shown. ) )

Figure 3, however, is not a stratigraphic column. The thicknesses
shown are all maximal for the area but are probably much less than
the original sedimentary thicknesses, except for units younger than
Mississippian. Solid-state flow caused considerable thinning, as
shown by flartened grains and schistose fabrics that generally lie
parallel to the subhorizontal layers. This effect varied considerably
from place to place and is locally extreme: along the eastern flank
of the central Grouse Creek Mountains and the adjoining southern
flank of the Raft River Mountains, the total thickness of all units
berween the basal adamellite and the Fish Haven (2) Dolomite is
commonly only 100 m. _

Another important cause of thinning was faulting along surfaces
that cut across stratigraphic units at low angles, displacing strata of
the hanging wall onto older rocks. This is shown on a large scale by
the middle sheet, which emplaced the upper part of the Mississip-
pian or the lower part of the Pennsylvanian on Ordovician rocks
throughout the north half of the area but includes progressively
older Paleozoic units as it is traced southward in the Grouse Creek
Mountains (Fig. 4). The feature cannot be 2 moderately faulted un-
conformity beneath an onlapping sequence because all of the units
are lithologically the same as they are elsewhere in the region. The
relation thus implies many tens of kilometres of displacement of the
middle sheet. The middle sheet is also subdivided by subsidiary
low-angle faults that produced similar but less extreme effects.

The fault ar the base of the lower sheet locally rises from the
schist of Stevens Spring to the schist of Mahogany Peaks or the
marble of the Pogonip Group. The lower allochthonous sheet is cut
out entirely in part of the eastern Raft River Mountains, where the
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Ogquirrh Formation lies directly on the autochthon. Subsidiary im-
bricate thrusts that have locally emplaced older units over younger

are associated with strongly overturned folds, as described in the
next section.

FOLDS AND LINEATIONS

At least three sets of folds formed during metamorphism, and a
fourth, which may locally be divided into several sets, formed after
metamorphism. All of the folds plunge at low angles in most places.
Axes of the oldest folds define a broad arc that swings from east-
northeast in the Raft River Mountaisn to north, even northwest, in
the Grouse Creek Mountains (Fig. 2). Almost all the folds are over-
turned toward the convex (northwest) side of the arc. Exceptions
are east-overturned folds at the southern end of the Grouse Creek
Mountains, which may not be continuous with folds to the north.

Axes of the second set of metamorphic folds 1rend northwest to
due west in the Grouse Creek Mountains and approximately west
in the Raft River Mountains. At scattered localities in the central
Grouse Creek Mountains, west-trending metamorphic folds have
overprinted northwest-trending folds. Almost all folds of the sec-
ond set are overturned to the north. Exceptions are northwest-

trending metamorphic folds in the lower, and particularly in the -

middle, allochthonous sheets in the central Grouse Creek Moun-
tains that are overturned to the southwest. Still younger, scarce
metamorphic folds (not shown in Fig. 2) trend northeast and are
overturned toward the southeast, and in pants of the central Raft
River Mountains late metamorphic folds of this trend are over-
turned toward the northwest.

The metamorphic folds range from upright to recumbent, most
being strongly overrurned. The largest are recumbent and measure
0.5 1o 1.5 km from anriclinal hinge to adjoining synclinal hinge.
These large folds are typically solitary or in couplets, with rock
layers extending nearly unaffected for many kilometres in front of
the folds or behind them. Hinges of the most prominent folds in the
Raft River Mountains can be followed for 22 km in the au-
tochthon. Only a few folds of comparable size occur elsewhere, but
the numbers of smaller folds increase exponentially with decreasing
fold size, such that folds with wavelengths of about 1 m can be seen
at many localities (except in the upper allochthonous sheet), and
folds smaller than § mm are so abundant as to impart a pervasive
and characteristic linear ridging or striping to surfaces of many
quartzite and marble layers. Other linear elements parallel to these
small folds include flattened and elongdted pebbles, triaxial quarz
and calcite grains, prismatic kyanite and hornblende grains, elon-
gated mica plates, and open-space fillings (typically calcite) on rwo
sides of pyrite crystals.

The postmetamorphic folds (not shown in Fig. 2) have a variety
of forms and trends, suggesting that movements at that stage were
complex and localized. The largest of these folds in the western
Raft River Mountains are probably of the same age as the youngest
metamorphic folds in the central Grouse Creek Mountains. Their
sense of transport could be determined 14 km southwest of Yost,
where a fan-shaped array of large folds that are overturned gener-
ally toward the east is cut by imbricate thrusts with the same sense
of transport (Compton, 1972). Six kilometres northeast of Yost,
folds of approximately the same age have strongly deformed the
rr}xliddle low-angle fault and subsidiary low-angle faults in the lower
sheet. :

Recumbent north-trending folds in the middle allgchthonous
sheet of the central Grouse Creek Mountains are probably of the
same age as those just mentioned but formed where metamorphism
was still in its waning stages. They measure as much as 0.5 km from
anticlinal hinge to synclinal hinge, are overtumed to the east, and
are cut by imbricate thrusts displaced toward the east.

Postmetamorphic folding also affected the autochthon widely
but by no means universally. The folds range from slight rolls and
crimps to open chevron folds overtumed to the east. None have




LOW-ANGLE FAULT

“Atluvium,
Fish Haven Dolomite. Metamorphosed, chiefly . —_—
. gray, laminated, but locally tan and masslive. -%%(ETE;EAL_ ._7:"-1"";. SEuLErT _./FTDJ. Basalt, rhyollte. i
100 M (Black Hills) - UNCONFORMITY .
Eureka Quartzlite. Metaguartzite, white, nearly 1000 M Unnamed sedimentary and volcaniclastic rocks. Fanglomerates
: 8l quartz, & few percent muscovite. (Dovs Creak) ' and tuffaceous sandstones and s!itstones; tuffs; minor
ORDOVIC1AN e UPPER MIOCENE lacustrine |imestone.
e Sl bt l...;'q.'-.
T Pogonip Group. Metamorphosed |imestone, chlefly
T 1
e T S S arglllaceous, sandy, locally dolomitlzed; thin
. S T sandstone and shale subunits. (South of Yost)
UNCONFORMITY
Schist of Mahogany Peak. Metaclaystone, mafic, LOWER TRIASSIC Thaynes Formation. Limestone and sandstone, fossiliferous.
unbedded. (Southwest of Yost) Gerster Formation, {Interbedded medium-gray, silty-sandy
CAMBRIAN(?) Quartzite of Clarks Basin. Metaguartzite, gray, UPPER PERMIAN dolomitic 1imestone and dark brown chert; brachlopod-rich
tan, white; distinctly flaggy, muscovitic. limestone; platy calcareous fine-grained sandstone. (Terrace Mountain)
—— LOW=ANGLE FAULT

Schist_of Stevens Spring. Metashale, graphitie, LOW-ANGLE FAULT

with large lenses of metadlabase, hornblende MIDDLE(?) Unnamed dolomite and sandstone. Dolomitic sandy limestone; cherty
schist, and metamorphosed silicic tuffs and PEPMIAN dolomite; calcareous sandstone, (Matlin Mts.)
minor intruslons. (North of Muddy Canyon) .

Unnamed limestone. Chiefly silty-sandy limestone and calcareous
sands tone, cross-bedded; irreguiar chert bodies; algal, bryozoan

Quartzlte of Yost. Metaquartzite, white to green,
thin-bedded, muscovitic. (South,of Yoot}

———

Schist of Upper Narrows. Metamorphosed shale and 3 1 . (Matlin Mee.)
siitstone, biotitic, graphitic, with granitic seg- \geg?;r:‘né:‘;:edded dolomite and chert. ’

regations; rhyolltlc metatuff and sandstone locally LOWER PERMIAN Oquirrh uroup.

near top. Light-weathering, calcareous silty sandstone, thin-bedded:

PRECAMBRIAN (7) o A o
H h
Elba Quartzite. Mainly white metaquartzite, commonly dolomitic, cherty; fossillferous mestone, rhythmically bedded

cross-bedded, locally green, with pebble beds;
subunits of laminated metasl|itstone, mica schist
(metatuff?), greenschist (metabasalt), and hematitlc
_schlst,

sandy |imestone and chert. (Mitlin Ms.)

Metamorphosed cherty and sandy !imestone; Interbedded

calcareous sandstone and pebble conglomerate; thin-bedded -

sandy |lmestone, (Bovine Mountain)
' PENNSYLVANIAN

—~— UNCONFORM!ITY
Chainman-Dlamond Peak Formations. Black phyllite and pyritic

Older schist. Metamorphosed shale, .siitstone,
pebbly mudstone, sandstone; abundant metabasaltic.
rocks and metadiabase. (Northeast Raft River Mts.)

metasiltstone; minor impure marble and tan metaquartzite; upper

PRECAMBRIAN part chert, quartzite-pebble metaconglomerate. (Upper Rosetud Camyor)

Gullmette Formation. Metamorphosed fosslliferous 1imestone.

Adamellite. Mainly gnelssose, grading upward to MISSISSIPPIAN
schist. DNI_A_N
= SILURTAN LT 7_ Laketown Dolomite.

_Figure 3. Sequence of rock units in area studied. Not shown are Tertiary granitic rocks, which intruded units as young as Permian. Note that scale on
right-hand column is one-tenth that on left,

—_— BOVINE NT.

LOWER PERMIAN — N 5,000 FT 0 5 KN
e RosEBUD [ 1,000 H ———
PENNSY IAN — g HUDDY o DOVE
LVANIAN \~~-~\ CANYON CANYON CREEK - [} 3 Ml vosT
_________ e { HISSISSIPPIAN

mISSISSIPPIARL !
DEVONIAN

SILUR AN ———

LOWER ALLOCHTHONOUS SHEET

(ORDOVICIAN, CAMBRIAN(?),
AND PRECAMBRIAN(?))

Figure 4._ Partly .recons‘tructcd no'rfh-south vertical section from west end of Raft River Mountains to south end of Grouse Creek Mountains, at natural
.scale', showing stratigraphic composition of middlc allochthonous sheet. Lower sheet and units in autochthon are shown virtually as they are now, but units
in middle sheet south of Rosebud Canyon have been reconstructed from greatly folded and faulted fragments.
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wavelengths of more than 1 m, and all trend hetween N30°W and

N30°E.
METAMORPHIC VARIATIONS

Verical and lateral variations in metamorphic grade duc to tem-

perature differences help greatly in interpreting the deformations. -

The general vertical variations are as follows: (1) the upper
alochthonous sheet is not metamorphosed; (2) the middle sheet is
not metamorphosed in some places, bgr in others shows an increas-
ing degree of low-grade metamorphism downward;'and (3) the
Jower sheet and the autochthon are metamorphosed, with metamor-
phic grades generally increasing downward. Table 1 lists the prin-
cipal mineral assemblages for the‘ highest grade part of cagh unit,
Because parts of the sheets were displaced after metamorphism, the
rabulated section is a reconstructed metamorphic sequence for the
most heated part of the area at the Peak of.progradc mcetamor-
phism. Textures indicate that the minerals in e.ach assemblage
coexisted at that time, whether or not true eqpxhbna were .attamed.
Except for the fine-grained schists of the Oquirrh and Chainman or
Diamond Peak Formations, most mineral grains are between 0.05
and 5§ mm in diameter.

The lateral variations in metamorphic grade are simplest in the
autochthon: the highest grade rocks are in the western part of the
area and the lowest grade in the eastern part. The pre-adamellite
schists have not been studied in enough places to be meaningful,

TABLE 1. MINERAL ASSEMBLAGES IN HIGHEST GRADE
PARTS OF ROCK UNITS IN GROUSE CREEK
AND RAFT RIVER MOUNTA INS

Rock unit Original rock Metamorphic minerals
Oquirrh Formation  Silty Calcite, dolomite, quartz, colorless
limestone mica, relict detnital feldspars
Diamond Peak Shale Colorless mica, quartz, biotite,
Formation chloriteid, graphite
Fish Haven(?) Dolomite Dolomite, quartz, colorless mica,
Dolomite tremolite, relict K-feldspar
Fureka(?) Quarwzite Sandstone Quarz, colorless mica
Pogonip Group Sandy, clayey Calcite, dolomite, zoisite, calcic
limestone plagioclase, colorless mica,
biotite, quarz
Schist of Mahogany Mafic shale  Colorless mica, staurolite, garnet,
Peaks biotite, quartz
Quartzite of Clarks  Feldspathic Quartz, colorless mica, kyanite,
Basin sandstone chloritoid (locally biotite and
garner)
Schist of Stevens Shale Colorless mica, quartz, biotite,
Spring garnet, oligoclase, graphite
Basalt Green hornblende, plagioclase
Granite Quartz, K-feldspar, oligoclase,
porphyry colorless mica, biotite
Schist of Shale Biorite, colorless mica, quartz,
Upper Narrows b K-feldspar, oligoclase
Elba Quartzite " Feldspathic - Quartz, colorless mica, biotite,
sandstone K-feldspar, plagioclase
Older Precambrian  Adamellite Oligoclase, orthoclase, quartz,
units biotite
Gabbro Green hornblende, intermediate
. plagioclase, garnet, quartz
Shale Biotite, quartz, oligoclase, gamnet

(altered metasomatically during
late metamorphism to
assemblages with kyanite,
staurolite, andalusite, sillimanite)

Note: Minerals listed in order of decreasing abundance.
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but in the west the amphibolite consists of hornblende, inter-
mediate plagioclase, and garnet and in the east of finer grained
horblende, cpidote, albite, and chlorite. The Precambrian
adamellite, which has been studied more extensively, has the pro-
grade assemblage listed in Table 1 in the Grouse Creek Mountains,
and it has the assemblage microcline-quartz~albite~white mica—
cpidote~biotite throughout the east half of the Raft River Moun-
tains. The adamellite is distinctly gneissose in the Grouse Creek
Mountains, with few igneous textural relics, but changes gradually
eastward to less foliated varieties with many igneous textural relics,

Lateral changes of the Elba Quartzite have been studied in 130
thin scctions. Where the rock shows its highest grade assemblage,
in the central part of the Grouse Creek Mountains, quartz grains
are ncarly cquant polyhedra, and white mica and biotite form dis-
tinct plates. Toward the east, biotite disappears, quartz grains are
more flatiened and irregular, and white mica is finer grained and
more irregular. Near the east end of the Raft River Mountains,
quartz and feldspar grains larger than 0.5 mm commonly have the
shapes of relict sand grains, some even preserving diagenetic over-
growths. Quartz grains also show an increasing amount of post-
crystallization strain toward the eastern part of the area.

In the schist immediately above the Flba Quartzite, biotite is
coarser (0.2 to 0.7 mm) in the western part of the area than in the
eastern part (where itis 0.01 to 0.05 mm), and the degree of granu-
lation during recrystallization increases toward the east. Schist of
the Upper Narrows in the eastern part of the Raft River Mountains
has assemblages such as chlorite~white mica-albite—quarz and
albite-quartz-biotite-epidote, which contrast with the western as-
semblages (Table 1).

The lower allochthonous sheet also varies laterally in metamor-
phic grade, being highest in grade in the western Raft River Moun-
tains, about 12 km northeast of the highest grade part of the au-
tochthon (Fig. 5). Especially recognizable are variations within the
Pogonip Group, which is coarsely porphyroblastic marble where it

BALD
KNOLL

|
iy ' }
)
|
|
|
|

Figure 5. Locations of highest grade parts of autochthon (horizontal !
lines) and of lower allochthonous sheet (vertical lines). Dots show where ;
Oquirrh Formation of middle sheet is metamorphosed. Tertiary plutons
show in black. Qutcrop is same as that of Figure 2 ‘
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contains high-grade minerals (Table 1) but changes 10 the south-
west and to the east. White mica is the only new metamorphic min-
cral in marble of intermediate grade, and the lowest grade rocks,
near the east end of the Raft River Mountains, contain abundant
relics of sedimentary grains, including shredded whitc mica. An
important exception is a high-grade outlicr ar Bald Knoll (Fig. 5).
Variations in other Cambrian{?) and Ordovician units are consis-
tent; the schist of Mahogany Peaks loses its large staurolite and
gamnet grains to the south, east, and west, and white mica grains in
the Eureka(?) Quartzite and Fish Haven(?) Dolomite become small-
er in the same directions, again except for the outlier at Bald Knoll.

The Mississippian rocks of the middle sheer are metamorphosed
everywhere, but the Oquirrh For_marion is metamorphosed only
locally (Fig. 5)- Gradations within the Oquirrh from mectamor-
phosed to unmetamorphosed rocks are well exposed in the central
and southern Grouse Creek Mountains.

In view of the systematic variations of metamorphic grade in the
autochthon and the allochthonous sheets, and considering the
thinness of the lower sheet, the distribution of high-grade rocks
shown in Figure § is provocative. The high-grade rocks of the lower
sheet at Bald Knoll are 30 km east of the high-grade part of the au-
tochthon and lie on some of the lowest grade rocks of the au-
tochthon. Likewise, the metamorphosed Ogquirrh of the middle
sheet lies on low-grade rocks of the lower sheet along the north side
of the Raft River Mountains and in the central Grouse Creek
Mountains. Unmetamorphosed Oquirrh rocks lie directly on the
most metamorphosed part of the lower sheet, and, near Vipont
Mountain, they lie only 100 m, vertically, from the highest grade
rocks of the autochthon. These relations indicate major low-angle
faulting after metamorphism or late in metamorphism, with a Targe
Tesultant transport from west to east. The isolated occurrence of
higher grade rocks in the lower sheet at Bald Knoll also indicates
separate movement of a subsidiary part of the lower sheet. Separate
movements of subsidiary sheets are also suggested by metamorphic
relations around Tertiary stocks of the Grouse Creek Mountains,
as will be discussed when the dating of the stocks is described.

DATING OF PRECAMBRIAN ADAMELLITE

Precambrian adamellite was sampled for dating near the east end
of the Raft River Mountains and in the central Grouse Creek
Mountains, in the lowest and highest grade parts, respectively, of
the autochthon. Exposures elsewhere show that similar adamellite
extends under all or most of the mapped area, and studies by
Armstrong (1968a) of the Albion Range show that similar rock ex-
tends at least 38 km northward from the western part of our area.

Clear Creek Canyon

Adamellite is well exposed from its contact with older rocks, 5
km from the mouth of Clear Creek Canyon (Fig. 2), to the canyon
head, 6 km to the southwest (Compton, 1975). Five samples for
dating were collected at various places along the canyon, starting 1
km west of the contact with the older schist and extending 4 km
southwest. Throughout the east half of the Raft River Mountains
the rock is typically homogeneous and nearly granular, with a weak
metamorphic foliation and lineation. Feldspar phenocrysts, as long
as 3 cm, are typically sparse but locally abundant; otherwise the
grain size is typically 1.5 mm. Contacts with the older rocks are
sharp in most places, although metashales are feldspathized locally
for as much as 10 m from the adamellite. In several places the
adamellite grades outward to a porphyroaphanitic border zone
against older mafic igneous rocks. The irregular boundary is appar-
ently a chilled margin, suggesting a shallow emplacement of the
adamellite in this part of the area.

The adamellite is dominantly hypidiomorphic granular, with
plagioclase distinctly subhedral although altered to albite, white
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mica, and Fe-poor epidote. Metamorphism deformed and recrys-
wallized quanz, recrystallized biotite into scaly aggregates, recrys-
tallized single sphene grains into aggregates, and formed epidote in
the foliated pans of the rock. Small amounts of postmetamorphic
alteration are shown everywhere by minute cracks filled with very
finc grained Fe-smectite(?).

The analytical data are plotted on a Rb-Sr diagram in Figure 6.
The samples define only a poor linear array, and a least-squares re-
gression line yields an age of 2,180 + 190 m.y. The high ®7Sr*5r
intercept (0.764) may reflect either a later disturbance of the rock
chemistry or a crustal contribution to the initial strontium in the
magma. We cannot distinguish uniquely berween these two pos-
sibilities, but the generally older ages of 2.5 b.y. or greater for
basement rock throughout the Wyoming province (Condie, 1969;
Reed and Zartman, 1973) and the substantial degree of alteraton
shown by these rocks causes us to suspect postcrystallization
open-system conditions. Furthermore, the adamellite has appreci-
ably higher Rb/Sr ratios than other analyzed Precambrian rocks in
the vicinity ~— a factor often found to correlate with age modifica-
tion during subsequent metamorphism and weathering,

Fission-track ages on the Precambrian adamellite and associated
rocks of the Raft River Mountains indicate metamorphism of Ter-
tiary age followed by exceptionally rapid cooling. Sphene and apa-
tite from adamellite sample CC-1 (Table 2) gave annealing ages of
20 * 10 m.y. for sphene and 20 + 4 m.y. for apatite; (the T values
are 20 and Ay = 6.85 x 107" yr''). A second sample is from the
older schist 100 m above an intrusive contact with Precambrian
adamellite at lat 41°55'46"N, long 113°19'59"W, which is 2.6 km
southeast of locality CC-1. This sphene gave an age of 10.2 £ 1.9
m.y., and the apatite 12.4 * 2.4 m.y. A sample of Pogonip marble
metamorphosed to schist consisting mainly of epidote, quartz,
potassium feldspar, biotite, calcite, and colorless mica was col-
lected 30 m above the base of the lower allochthonous sheet, at the
northwest edge of the Black Hills (lat 41°50'18"N, long
11333’31"W). The apatite has a very low vuranium content (0.4
ppm) but gave an age of 46 = 26 m.y. for one determination and 69
+ 32 m.y. for another.

Annealing of fission tracks in sphene takes place at temperatures
of about 400 °C (Calk and Naeser, 1973) if the temperarures are
sustained for geologically significant periods — greater than 10° yr.
Apatite is annealed of fission tracks if temperatures above 100 °C
are sustained for 10° yr or more (Naeser and Faul, 1969). The
fission-track ages of the sphenes thus suggest that the rocks in and
around Clear Creek Canyon were at metamorphic temperatures as
recently as Miocene time. The quartzites in that part of the range
have strongly preferred crystallographic fabrics that are coaxial
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Figure 6. Plot of Rb-Sr isotopic data from adamellite of Clear Creck
Canyon, Raft River Mountains. Data are listed in Table 2.



with large recumbent folds of the second metamorphic set, and they
also show abundant features produced by postcrystallization
strain. Evidently, the east-west—trending folds were still formmg‘m
Miocene time, and the close similarity of the sphene and apatite
ages for each rock suggests that the rocks then cooled rapidly.

The older ages for the apatites from the Black Hills cannot be
interpreted firmly because they are very approximate and because
the sample is from an allochthonous shect that probably moved
many kilometres after metamorphism. The data show, nonethc!es§,
that some parts of the terrain cooled well before others. This is
supported by data of Armstrong and Hansen (1966, p. 123), who
reported K-Ar ages of biotites from two autochthonous rocks of the
Raft River Mountains. A sample of Precambrian adamellite from
Clear Creek Canyon, about 2.5 km southwest of our CC-}, gave an
ageof 57 + 8/—3 m.y.,and a sample of older schist (possnl?ly schis-
rose adamellite) from Big Hollow, § km east of the Black Hills, gave
an age of 38 + 6/—2 m.y. for one biotite split and an age of 41 +
6/—2 m.y. for a second split.

Central Grouse Creek Mountains

The contact berween the Precambrian adamellite and younger
quartzites and schists is a metamorphosed unconformity through-
out the Raft River and the northern Grouse Creek Mountains, but
in the central Grouse Creek Mountains. adamellite appears to in-
trude quanzite and schist. In Muddy Canyon, thin sills of adamel-
lite gneiss and schist occur between beds of Elba Quartzite, and
bedded quartzite forms concordant inclusions in the upper 100 m

" of adamellite. The upper contact of the adamellite cuts across upper
Precambrian(?) units of the aurochthon into the lower allochthon-
ous sheet at a low angle (Fig. 4). The youngest unit intruded by Pre-
cambrian adamellite is Cambrian(?) quartzite of Clarks Basin.
Partly granitized, contorted schist inclusions are notably abundant
in the upper part of the adamellite, suggesting that the missing sec-
tion was in part downfolded and incorporated by mobilized
adamellite. :

The Elba Quartzite thins from 215 m about 2.5 km north of
Muddy Canyon to 6 m in the north wall of the canyon (Fig. 4).
Equally striking are the thinning by metamorphic flow and low-

TABLE 2. Rb-Sr ISOCHRON AGES OF WHOLE-ROCKS FROM PRECAMBRIAN ADAMELLITE, NORTHWESTERN UTAH
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angle faulting of all metasedimentary rocks of the autochthon and
of the lower allochthonous sheet above the area of mobilized
adamellite,

The adamellite of the central Grouse Creek Mountains shows a
systematic change in texture upward, from coarse- and medium-
grained gneiss in the lowest exposures to fine-grained gneiss and
schist in the upper part, about 920 m above the base of the range.
Textures indicate simultaneous deformation and recrystallization.
Similarly, numbers of relict igneous grains decrease upward, and
phengitic white mica, quartz, albite, iron-poor epidote, and sphene
increase upward, as the higher temperature oligoclase-orthoclase-
quartz-biotite assemblage is replaced. Under the Elba Quartzite is a
zone about 6 m thick in which medium-grained adamellite grades
upward through feldspathic schist of adamellite composition to
phengite-quartz-albite schist (Fig. 7). It is noteworthy that these
schists contain the same accessory minerals, principally allanite and
dark red-brown metamict zircon, as the less altered adamellite be-
low. Locally, the metamict zircon in the schists bears partial jackess
of colorless birefringent zircon.

Adamellite in the central Grouse Creek Mountains was folded
twice during metamorphism. Recrystallized mineral aggregates
form two prominent lineations oriented paralle] to the two fold
sets. The earlier lineation (northeast 1o north-northwest—trending) -
consists of quartzofeldspathic rods, elongate biotite aggregates, and
parallel crenulations 0.5 to 1 cm wide lying in the foliation plane, in
deeper lying exposures. Wavelengths of the crenulations and
widths of the linear mineral aggregates decrease upward; near the
top of the range they are typically only a few millimetres wide. This
decrease is part of an increase in deformation and recrystallization.
In deeper lying rocks, the second (northwest to west-northwest)
lineation consists of subhedral biotite grains that cross the earlier
coarser biotite aggregates and, in thin section, appear to have re-
crystallized from them. In the reconstituted upper shell of the
adamellite and in rocks surrounding the two small Tertiary stocks
on the west side of the range (roughly the upper 185 m of adamel-
lite), the second lineation consists of quartz-feldspar rods, biotite
aggregates, and distinct crenuladon, and the first lineation is pres-
ent only as faint wrinkling. These relations suggest two important
points: (1) strain and recrystallization increased upward in the

Lat

Sample Long Rb Sr, 87Rb/®Sr 87Sr/8¢ Sy Age
no. (N) (W) (ppm) (ppm) (m.y.)*
Clear Creek Canyon
CC-1 41°56'50” 113°21°07" 297.2 75.5 11.85 1.113
CC-2 41°55'57" 113°22'49" 275.4 110.7 7.40 0.9908
CC-3 41°56'00" 113°22'43" 257.6 86.9 8.87 1.055 2,180 + 190
CC-5 41°56'31" 113°22'02" 2711 80.3 10.12 1.077
CC-6 41°56'43" 113°21'32" 293.7 58.5 15.30 1.248

Central Grouse Creek Mountains

9W-97-19A 41°41°21" 113°44'20"

144.2 1.684 0.7679
9W-97-19B 41°41'21" 113°44°20" 111.7 138.3 2.360 0.7998
9W-97-19Ct 41°41'21° 113°44'20" 240.9 - 152.4 4.629 0.8263
9W-97-21 41°41'32" 113°44'23" 166.2 98.2 4.988 0.8883
9W-97-26 41°41"23" 113°41°22" 101.5 148.2 1.998 0.7902
9W-97-28 41°40'18" 113°44°34” 1249 141.3 2.582 0.8111
10W-21-1A% 41°45°10" 113°41'19" 184.7 77.3 6.990 0.8208 2,510 + 170
10W-21-1Bt 41°45°'10" 113°41'19" 150.2 28.8 15.24 0.8048
10W-21-4A 41°45°03" 113°41'10" 126.7 109.3 3.396 0.8222
10W-21-4B 41°45'03" 113°41°10" 141.3 121.9 3.399 0.8368
10W-23-1 41°43'36" 113°42'04" 129.8 109.2 2.488 0.8456
10W-23-2A 41°43'33" 113°42'23" 170.0 138.0 3.613 0.8391
10W-23-2B 41°43'33" 113°42/23" 123.4 136.7 2.638 0.8014

83.4

* Calculated from least-squares regression method of York (1966). See graphic representation of these data in Figures 6 and 8. Decay constan

Ap = 1.39 X 107 yr~t.
1 Samples not included in calculation of age.
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adamellite when the first folds and lineations fOl‘m(Td, and (2) re-
crystallization of minerals during the second folding reachc_d a
maximum in rocks adjacent to, and lying above, the Tertiary
stocks. ) _
In the central part of the Grouse Creek Mountains, Precambrian
‘adamellite is interlayered with lesser amounts of granodiorite, to-
nalite, and leucocratic gneiss. Suites of these four rocks were col-
lected from three areas for dating. Three medium-grained gneisses
representative of deeper exposures are from Middle Canyon (Fig.
2). Six fine-grained samples, typical of the upper part of the gneiss,
were collected on Ingham Peak, which is 4 km southwest of Middle
Canyon. Four samples of metasomarically altered gneiss and schist
are from Muddy Canyon, where the intrusive-appearing contact of
Precambrian adamellite with the Elba Quanazite is well exposed
{Fig. 7). The samples are listed below by Ioca!iry. _ _
Middle Canyon. Sample 10W-23-1 is medium-grained tonalite
gneiss, 10W-23-2a is medium- to coarse-grained adamellite gneiss
-(the typical adamellite of the gneiss complex), and 10W-23-2b is
medium-grained muscovitized granodiorite gneiss.
Ingham Peak. Samples 9W-97-19a, b, and c were co”ect_ed from
a rypical outcrop of interlayered adamellite and mafic gneiss from
the highest peak of the central Grouse Creek Mpuntams_. Sample
9W-97-19c is from a thin gneissic granitic pegmatite layer in fine-to
medium-grained adamellite gneiss, the rock of sample ?W-97-19_b.
Sample 9W-97-19A is fine- to medium-grained granodiorite gneiss
from an adjoining mafic layer and was collected 10 c¢m from
9W-97-19b. Sample 9W-97-21 is adamellite gneiss from a site
about 610 m north of 9W-97-19, 9W-97-26 is muscovitized
adamellite gneiss collected 92 m north of 9W-97-19, and 9W-97.
28 is leucoademellite gneiss from a site about 2,200 m south of
9W-97-19. All three samples are fine to medium grained.
Muddy Canyon. Samples 10W-21-1a and 1b are phengite-
quarz schists collected adjacent to an inclusion of Elba Quartzite
1.8 m below the contact between mobilized Precambrian adamel-

~6FT

©  ELBA QUARTZITE o

——
e
=~ =
-
LEXS OF FE i s
Lot et = - IE
: FELDSPATHIC AND MUSCOVITE-QUARTZ.
: SCHISTS :

METAQUARTZITE
S e e

Figure 7. Diagrammatic section through upper part of Precambrian
adamellite and Elba Quartzite in Muddy Canyon, showing gradation from
gneiss to schist, interpositon of schistose adarpo.:llitc_in' quartzite, and
isotope ratios determined from samples from positions indicated.
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lite and Elba Quartzite. The inclusion consists of scveral thin beds,
in all 10 cm thick, that lie parallel to the foliation of the schist.
Sample 10W-21-1b was 0.6 m above the quartzite inclusion, and
sample 10W-21-1a lay about 0.5 m below it. Samples 10W-21-4a
and 4b were collected about 7.5 m below the contact between the
Elba Quanzite and Precambrian adamellite. Sample 10W-21-4b is
fine- to medium-grained muscovitized adamellite gneiss, and sam-
ple 10W-21-4a js a 30-cm, concordant fine- to medium-grained
leucoadamellite dike in 10W-21-4b. This series of samples is repre-
sentative of the border zone of the Precambrian adamellite in which
muscovitized adamellite gneiss grades upward through feldspathic
schist to phengite-quartz schist (Fig. 7).

Although we originally interpreted the adamellite of the central
Grouse Creek Mountains to be Phanerozoic; the Rb-Sr diagram
(Fig. 8) reveals an old Precambrian age. A whole-rock isochron age
of 2,510 + 170 m.y. was obtained from our data, excluding the
two schistose rocks (10W-21-1a and 1b) associated with the
metaquartzite in Muddy Canyon and the pegmatite (9W-97-19¢)
from Ingham Peak. The ten remaining samples show approxi-
mately the same degree of scatter as those from the Clear Creek
Canyon locality despite their being more metamorphosed. Indeed,
the somewhat older age and lower 87556y intercept seem to suggest
a more restricted isotope redistribution in these rocks. In particular,
the closely adjoining adamellite gneiss (9W-97-19b) and
granodiorite gneiss (9W-97-19a) gave no evidence of strontium
isotope homogenization between the two layers. The granitic peg-
matite layer (9W-97-19¢), which intrudes the adamellite gneiss,
however, either has undergone exchange or possibly is slighty
younger.

The only samples that have obviously undergone major chemical
reconstitution are the phengite-quartz schists (10W-21-1a and 1b)
within the immediate border zone berween the basement rocks and
the overlying Elba Quartzite. The schistose rocks have similar
strontium isotope compositions but appreciably higher Rb/Sr ratios
and, consequently, younger ages than the gneiss. We do not know
whether this effect arises from metamorphic differentiation in the
extremely sheared rock or from a mechanical mixing with the
younger mantling rocks. The other, less deformed samples (10W-
21-4a and 4b) from Muddy Canyon show lirtle disturbance of their
Rb-Sr systems even though they have recrystallized. The relations
between the theomorphic and chemical responses of the basement
rock have not been adequately resolved by this study; they remain
an interesting and important subject for further work.
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Figure 8. Plot of Rb-Sr isotope data from gneissose to schistose adamel-
lite of central Grouse Creek Mountains. Data are listed in Table 2. Cirdes
= Middle Canyon; squares = Ingham Peak; triangles = Muddy Canyon.
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In order to determine whether the individual mincral grains had
equilibrated isotopically among themsclves within a hand speci-
men, the plagioclase, microcline, and biotite were analyzed from
two of the samples (9W-97-21 and 10W-23-2a). The results, to-
gether with those of the whole-rock analyses, are given in Table 3.
On this scale the minerals have rather recently attained internal
homogenization of their strontium isotopes. Only the biotite with
its very high Rb/Sr ratio has evolved isotopically to a significant ex-
tent after homogenization. Assuming that the biotite did indeed

fully participate in the exchange, we were able to calculate biotite °

whole-rock ages of 11.9 and 8.0 m.y. on these samples. If our as-
sumptions are correct, the results indicate that ch'cmical m(_)billry
and, presumably, elevated temperarures persisted in Jate Miocene
time in the central Grouse Creek Mountains, a situation similar to
that indicated by the fission-track ages in the castern Raft River
Mountains.

DATING OF TERTIARY INTRUSIONS

The Grouse Creek Mountains expose several young granitic
bodies, shown individually in Figures 2 and 5: (1) at Vipont Moun-
tain, in the northwest corner of the mapped area, (2) two closely
spaced stocks in and near Red Butte Canyon in the central part of
the range, and (3) the large, probably multiple intrusion near the
south end of the range at Immigrant Pass.

Vipont Mountain Intrusion

The lineated granodiorite and adamellite of Vipont Mountain in-
truded all of the rock units in the lower allochthonous sheet but did
not intrude the middle sheet. The country rocks dip 5° to 20° west,
and the upper contact of the intrusion is roughly concordant with
them, being emplaced mainly below the quartzite of Clarks Basin
but breaking across this unit toward the south and connecting with
thick sills in marble of the Pogonip Group and the schist of
Mahogany Peaks (Fig. 9). The upper part of the intrusion and the
associated sills somehow engulfed and assimilated much of the
stratigraphic section, especially the schist of Mahogany Peaks and
the upper part of the quartzite of Clarks Basin. Possibly because of
this, the upper part of the intrusion is banded by variably biotitic
adamellites, many bearing gamet, whereas the main body of the in-
trusion is homogeneous gamet-free granodiorite.

Age relations of the intrusion to deformational features are well
exposed. The first set of metamorphic folds is developed locally in
the country rocks above the intrusion but nowhere in the intrusion.
All of the body is lineated parallel to the second set of metamorphic
folds and associated lineations in the country rocks. The country
rocks are exceptionally high grade near the intrusion, the Pogonip
marble bearing gamnet and pyroxene, and the schist of Mahogany
Peaks being converted to oligoclase-quartz-sillimanite-muscovite-
biotite gneiss in which sillimanite and biotite are lineated parallel to
the second metamorphic folds. The rocks of the middle allochtho-

TABLE 3. Rb-Sr BIOTITE-WHOLE-ROCK AGES FROM

124.

nous sheet lying on these high-grade rocks are metamorphosed lit-
tle, if at all, so this part of the middle shecet must have beer
emplaced after the intrusion cooled almost completely.

The highest lying adamellite sills are converted in several places
to sheets of dark blastomylonite in which rounded relics of igneous
feldspar are surrounded by recrystallized, swirled trains of fine-
grained quartz, biotite, and feldspar. Because these rocks are
strongly lineated parallel to overturned folds of the second
metamorphic set, it appears that the allochthonous sheet shown in
Figure 2 rode over the intrusion during the second folding episode.
This relation indicates low-angle faulting during the second
metamorphic folding.

The localities of the analyzed rocks are shown in Figure 9, and
their textural and structural features are as follows: sample 4,

0 LoD H
—t 1 s
1,000 Ft

Op Samples
6,7,8

Cataclastic
granodiorite
\ ;

Figure 9. Geologic map and vertical section showing locations of sam-)
ples used in Rb-Sr studies of Vipont Mountain intrusion. Contours {dotted)
and outline of Sec. 8, T. 15 N, R. 17 W, are from the Cotton Thomas
Basin 15° quadrangle. Arrows show plunges of folds and lineations. Ccb =
quartzite of Clarks Basin (Cambrian?) (heavy stipple); €mp, = schist of
Mahogany Peaks (Cambrian?) (black); Op = marble of Pogonip Group
(Ordovidan) (unpatterned), Oe = Eureka(?) Quartzite {Ordovician) (th;l
stipple); Ofh = Fish Haven(?) Dolomite (Ordovician) (unparterned); and
Ta = Tertiary adamellite and granodiorite {cross-tracked). Cross section|
which is enlarged from map, has horizontal and vertical scales equal.

PRECAMBRIAN ADAMELLITE, NORTHWESTERN UTAH

Sample Lat Long Mineral Rb Sr, 87Rb/%Sr €75 /88Syr Age
no. (18] (W) (ppm) {(ppm) (m.y.)*
9W-97-21 41°41'32" 113°44'23" Plagioclase 184 140 3.9 0.8880
K-feldspar 361 120 9.0 0.8897 :
Whole rock 166.2 98.2 4.99 0.8883 } 11.9 + 0.
Biotite 1,056 3.0 1,056 1.063 o
10W-23-2A 41°43'33" 113°4223" Plagioclase 100 - 203 1.5 0.8348 7
: K-feldspar 294 160 55 0.8426
Whole rock 170.0 138.0 3.61 0.8391 8.0 + 0.
Biotite 917.0 11.6 232.7 0.861 e

* Calculated as biotite—whole-rock pairs. Decay constant: Ay = 1.39 x 10-!'yr—2,
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TABLE 4. Rb-Sr ISOCHRON AGES OF WHOLE ROCKS FROM TERTIARY INTRUSIONS, NORTHWESTERN UTAH

mple Lat Long Rb Sr, " Rb/*Sr ¥7Sr/%8Sr Age
PP N (W) (ppm) (ppm) (m.y.)*
/i tai
;@?;.'ZMO"" " 41°56°52" 113°48°46" 140 240 1.6 0.7217
3 41°57'17" 113°49°11" 124.8 171.8 2.105 0.7235
5 41°57°157 113°49°10" 150.6 94.7 4.613 0.7308 .
s 41°56'56" 113°48°53" 87.7 421.0 0.603 0.7123 Indeterminate
7 41°56'56" 113°48'53" 226.4 20.8 31.64 0.7306
8 41°56'56” 113°48°53" 2312 26.5 25.33 0.7276
9 41°57'12" 113°49'09" 452 1,182 0.111 0.7104

on

5&7“57138;;&")’ 41°39'47 113°45°27" 193.0 93.1 6.01 0.7169
9\-47-2B 41°39'477 113°45'27" 2355 5.22 131.2 .0.7592
9W-47-2C 41°39'47" 113°45°27" 240.6 2.36 298.7 0.8180
9W47-2D 41°39'47" 113°45°27" 235.5 7.44 92.0 0.7450 249 + 0.6
9W-47-9 41°39'49" 113°45'32" 335.7 222 43.8 0.7294
9W-47-10 41°39'49" 113°45°32" 265.7 8.22 93.5 0.7427
2”‘5;’,’;%’_"1’" Pass 41°30°52" 113°44°59" 103.8 285 . 1.05 0.7102
9\-39-2 41°31°01 113°45°07" 246.2 6.34 112.3 0.7716
9W39-3 41°30'58" 113°45°05" 362.1 7.16 146.4 0.7860
9W-40.2 41°32°07 113°45°58" 210.0 40.7 14.94 0.7184 382 + 2.0
13W-167-3 41°31'44" 113°41'48" 205.0 15.4 38.60 0.7282

13W-167-4 41°31'377 113°41'57" 152.2 56.4 7.82 0.7140

* Calculated from least-squares regression method of York (1966). See graphical representation of these dara in Figures 10 and 12. Decay constant:

Ap = 1.39 X 10~ Vyr'.

lineated adamellite from a 2.5-m sill in quanzite of Clarks Basin;
sample 3, lineated adamellite from a thick sill near or at the base of
the marble of the Pogonip Group; sample 6, typical lineated
granodiorite from the lower more homogeneous part of the intru-
sion; sample 7, muscovite-bearing leucoadamellite, part of a 1-
m-thick vertical dike in the rock of sample 6, moderately lineated
parallel ro the folds of the second metamorphic ser; samp]e 8, mus-
covitc leucoadamellite from another part of the same dike as sam-
ple 7; sample 9W-9-2, granodiorite much llk'e sample 6 but more
deformed; and sample 9, marble of the Pogonip Group, 30 m south
of the locality of sample 3. N -

An attempt to define an age for the granitic body frorp Vipont
Mountain has not been successful. Most of the analytical data
given in Table 4 and shown in Figure 10 crudely mimic an ~ 500-
m.y. isochron, but the pluton intrudes rocks younger thap that. The
leucoadamellite dike rock, which, from its h{gh Rb/S{ ratio, appears
to have undergone considerable differentiation relative to t'he main
igneous mass, seemingly records a much younger age. Field and
petrographic relations suggest that the ~500-m.y. age was largely
inherited by the igneous rocks during assimilation of lower
Paleozoic rocks of the lower allochthonous sheet. If the Rb and Sr
so derived were not significantly fractionated in the process, an ap-
proximate lower Paleozoic isochron age could be transferred_ to the
granite. The range in 8 Rbf¢Sr ratio so incorporated would impart
a highly variable imtial strontium isotope composition to _the
magma. Assuming, for example, a Tertiary age for the intrusion,
the ¥7S¢P¢Sr ratio would vary berween 0.710 and O..7‘30. Because of
this uncertainty in iniual strontium 1sotope composition, we cannot
precisely date even the two apparently dxffe_rennated leucoadamel_-
lite samples (7 and 8). If these rocks cxpcnengcd no'postcrysta'lll-
zation disturbance, we can only broadly establish their age as lying
between 0 and 50 m.y., depending on what initial isotopic compo-
sition we choose to assume. This extreme involvement of the
allochthonous and perhaps the autochthonous rocks in the genera-
tion of the magma without subsequent thorough'hon}ogcm‘zanon
and differentiation does not exist in the other Tertiary intrusions to
be discussed. .

0.740 T

0.700 1 1 1 1 1
20
87Rpb/86g,

Figure 10. Plot of Rb-Sr isotope data from Vipont Mountain intrusion
northern Grouse Creek Mountains. Data are listed in Table 4.
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Stocks of Red Butte Canyon

The two small Tertiary stocks on the west side of the central
Grouse Creek Mountains are cupolas of an adamellite body that
lies close to the surface throughout the central part of the range,
judging from the distribution of dikes and metamorphism of the
surrounding rocks. The upper contacts of the stocks are broadly
concordant with bedding in the westward-dipping, metamor-
phosed lower and middle allochthonous sheets and with foliation
in the Precambrian adamellite. Discordant dikes of alaskite and ap-
lite from the stocks are abundant in the Precambrian adamellite
and in the lower and middle allochthonous sheets near the stocks.




ure 11. Photomicrographs, each of 1-cm area, showing texrural'var-
iat}i:lis in adamellite of pluton of Red Butte Canyon. Top: weakly foliated
and lineated adamellite with subhedral plagioclase (P), unsn-amed.quanz .
Q potassium-feldspar (K), and biotite (B). Bortom: s'trongly hr}eated
gnc;ss 200 m below base of middle allochthonous sheet, with quartz in fine
aggregates (Q), and biodte reduced in size and party altered to chlorite and

sphene.

Rotated and partly altered inclusions of wall rocks occur in the
i damellite near its margins.

Te';t}lxirl);raec:mbrian adamellite and rocks of the middle sheet show
evidence of marked thermal metamorphism. over a_dnstance_of
about 0.75 km from the stocks. Recrystallization of mineral grains
in the Precambrian adamellite parallel to axes of ‘the second
metamorphic folds was most intense near the Tertiary stocks.
Cherty dolomite of the middle sheet was converted to tremolite,
dolomite, muscovite, and diopsic_le(?_) in a contact a.ur.eole c_cntergd
approximately over the stacks, indicating that post intrusive dis-
placement was not large on this part of the middle fault. In con-
trast, the upper sheet, locally only 200 m above the Tertiary body,
shows no thermal meramorphism. . .

Aligned biotite grains define a weak foliation that disappears
gradually toward the interior of the adamellite body. A faint west-
northwest to east-west lineation composed of quartz and feldspar

. grains and biotite aggregates can be seen on foliation surfaces and
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Figure 12. Plots of Rb-Sr isotope data from stocks of Red Butte Canyon
and from Immigrant Pass intrusion, Grouse Creek: Mountains. Data are
listed in Table 4. Open arcles = Red Butte Canyon; solid circles = Immi-
grant Pass.

in some thick dikes of alaskite and aplite. These fabric elements
parallel the foliation and second metamorphic lineation in the sur-
rounding metamorphic rocks, including the Precambrian gneiss.
The biotite fabric and lineation are moderate to strong within 46 m
of the Precambrian gneiss (Fig. 11). Over a horizontal distance of
460 m under the middle allochthonous sheet, Tertiary adamellite in
Red Butte Canyon is strongly gneissose and markedly lineated by
microfolds and mineral grains. A zone of mylonitized adamellite
about 3 m thick occurs immediately beneath the middle sheet. Mi-
crofolds and strong mineral lineation in the mylonite are parallel to
west-northwest—trending folds in overlying tectonitic, thermally
metamorphosed dolomite of the middle sheet. Thus, the intrusion
and crystallizadon of the Tertiary adamellite coincided with
movement on the middle low-angle fault and with the second
metamorphic folding, but predated emplacement of the upper
allochthonous sheet.

Except for the marginal zone, the adamellite is 2 medium-
grained, hypidiomorphic, equigranular rock consisting of oligo-
clase, quartz, and potassium feldspar in approximately equal vol-
ume and roughly 5% biotite. Coarse-grained adamellite with
sparse, euhedral, 2- 10 4-cm potassium feldspar phenocrysts occurs
locally in the inner part of the body. Abundant magmatic features
include euhedral feldspar phenocrysts, synneusis aggregates, and
delicate euhedral oscillatory zoning in plagioclase. The core of the
body appears structureless, suggesting that it solidified after defor-
mation had ceased. Leucoadamellite, alaskite, and aplite in irregu-
lar bodies and dikes ranging from several millimetres to 100 m in
thickness occur in and around the stocks.

All dated samples of the Ternary body were collected from the
southernmost part of the southem stock about 0.8 km north of
upper Ingham Creek. Sample 9W-47-2A (illustrated in Fig. 11) is
homogeneous, weakly foliated biotite adamellite; 9W-47-2B is
fine-grained muscovitic adamellite from a 30-cm-thick, sharp-
walled dike in rock of sample 9W-47-24; 9W-47-2C is a muscovi-
tic aplite dike, 15 cm thick, intruded into rock of sample 9W-47-
2B; and 9W-47-2D is aplite from several 6-cm-thick dikes approx-
imately 60 m from the collection site of samples 9W-47-2B and 2C.
Sample 9W-47-9 is aplite from a dike 20 c¢m thick, and 9W-47-1D
is from the center of a vertical aplite dike 1.2 m thick. Qther sam-
ples of average adamellite had *’RbA®Sr and #7Sr#%Sr ratios similar
to that of 9W-47-2A.

The six samples from the southern stock define a whole-rock
isochron age of 24.9 + 0.6 m.y., with an inital Stf8Sr ratio of
0.714 £ 0.002 (Table 4; Fig. 12). The ability to obtain so precise an
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age on a body so young is attributable to the extremely high Rb/Sr
ratios present in the differentiated leucoadamellite and aplite dike
rocks. Also, even if the slight scatter observed in the isochron dia-
gram is a reflection of initial strontium isotope varability, the
magma could not have been as heterogencous as the onc at Vipont
Mountain. The initial #’Sr#®Sr ratio, however, does imply some
crustal contribution to the magma, although the ratio is consid-
erably lower than would be acquired solely from melting of the
nearby Precambrian adamellite basement rocks.

The intimate association between the main adamellite body and
the various dikes that cut it and the adjacent country rock implies a
genetic and, presumably, a temporal relation. Thus, we feel
confident that this late Oligocene age applies not only to the dikes
burt also to the entire intrusion and to the superimposed second
metamorphic fabric. We further conclude from the lack of contact
metamorphic effects in the upper allochthonous sheet that it had
not moved into its present position at this time. This interpretation
is compatible with field evidence showing allochthonous sheets re-
sting upon upper Miocene beds (Fig. 2).

Fission-track data from the pluton strongly support the idea that
even though the body was emplaced in late Oligocene time, it crys-
tallized arid cooled in Miocene time. One sample (13W-29-11) is
from moderately gneissose adamellite from the northwest edge of
the northern stock, about 3 m from the contact with Precambrian
adamellite (lat 41°42'49"N, long 113°45'45"W). Zircon from this
rock gave an age of 18.3 * 1.9 m.y., and apatite gave an age of
13.7 *+ 3.7 m.y. The second sample (9W-99-39) came from a dike
of garnetiferous alaskite, 1 m thick, in the Precambrian adamellite
about 25 m from the contact of the southern stock in upper Ingham
Canyon (lat 41°39'50"N, long 113°44'46"W). The apatite from this
rock gave an age of 18.9 + 6.3 m.y. These data suggest that the
pluton continued to be heated for many millions of years after it
crystallized.

Immigrant Pass Intrusion

The largest and least known of the Tertiary granitic bodies was
named the Grouse Creek pluton by Baker (1959). It consists of a
large eastern lobe and two smaller western lobes (Fig. 5). All of
these intruded the middle allochthonous sheet, but the upper sheet
is unmetamorphosed even where it is in contact with the western
lobes, so that it must have been emplaced here after they cooled.
The pluton cuts north- to northeast-trending folds in the middle
sheet, folds interpreted to be of the first set. We have not yet estab-
lished the age relation of the pluton to the younger set of metamor-
phic folds. Mapping to date indicates that the granitic Tocks are not
distinctly lineated. The ten thin sections examined, however, show
considerable low-temperature strain, including kinking of plagio-
clase and biotite. A large (1 by 2 km) mass of Elba Quartzite in the
southwest lobe (labeled a? in Fig. 2) has also been strained at low
temperature.

All three lobes of the Immigrant Pass intrusion are mainly biotite
granodiorite verging on adamellite. Textures are hypidiomorphic
granular, with grains averaging 3 mm in diameter, although locally
with scattered 1 to 2-am grains. Garpetiferous leucoadamellite of
about the same grain size forms thick dikes in the west half of the

body and a broad zone along the west margin of the two western’

lobes. Diorite, syenodiorite, and similar rather mafic rocks are
abundant in the small southwestern lobe. Aplite and pegmatite
dikes are widespread and locally abundant in all the lobes.
Samples for isotopic dating were collected from each of the three
lobes. Sample 9W-39-1 is from a freshly blasted roadcut in
homogeneous granodiorite typical of the central part of the south-
western lobe; 9W-39-2 is from a nearby garnetiferous
leucoadamellite dike, 8 to 10 m thick, that intrudes the granodio-
rite; 9W-39-3 is from the finer grained part of an aplitic and peg-
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matitic leucoadamellite forming a 0.5- to 1-m-thick dike in typical
granodiorite, 200 m northeast of the locality of 9W-39-1. Samples
13W-167-3 and 4 are dike rocks from the large eastern lobe of the
pluton; 13W-167-3 is from a 0.7-m-thick dike of homogeneous
aplite near the center of the lobe, and 13W-167-4 is from a 0.2-m-
thick dike of porphyritic alaskite about 400 m distant from the
other. The remaining sample, 9W-40-2, is from a 0.3-m-thick aplite
dike in granodiorite typical of the northwestern lobe.

The six samples define a composite whole-rock isochron age of
38.2+ 2.0 m.y. with an initial #SgféSr ratio of 0.709 * 0.002 (Ta-
ble 4; Fig. 12). This age, however, is controlled predominantly by
the two samples of dike rock from the southwestern lobe of the plu-
ton and should be applied strictly only to this locality. Although the
other sample points lie close to the isochron, their low radiogenic
enrichments and the uncertainties observed elsewhere in initial
87Srf8Sr ratios combine to obscure an accurate interpretation. For
example, the one analysis for a sample of the large eastern lobe
plots equally well on the Red Butte Canyon isochron.

The present stage of the mapping also does not allow a determi-
nation of the relative ages of the three lobes. Possibly the late
Eocene or early Oligocene age applies to the southwestern lobe
only. Armstrong (1970) determined a K-Ar biotite age of 23.3 m.y.
on granodiorite from the north end of the northwestern lobe, but it
is not known whether this result reflects primary crystallization or
later heating. '

DISCUSSION

The fission-track and Rb-Sr data from the pluton in Red Butte
Canyon set one firm date in the tectonic history: the second
metamorphic deformation was still underway in late Oligocene
time. A Miocene date for the end of metamorphism is suggested by
the fission-track data from the autochthon in the eastern Raft River
Mountains and by the Rb-Sr mineral isochrons for the Precambrian
adamellite of the Grouse Creek Mountains.

The first metamorphic deformation probably ended before 38.2
+ 2.0 m.y. ago, for the intrusion at Immigrant Pass cuts through
large folds that are probably of that deformation. We have no other
dates on this deformation, but its metamorphic minerals, fold -
forms, and vertical distribution of strains are so similar to those of
the second deformation as to suggest that the two followed one
another closely.

Looking at the region broadly, the first deformation was directed
at large angles, even 180°, to the west-to-east transport indicated by
overthrusts in the late Mesozoic and early Tertiary thrust belt (Fig.
1). Activity in the thrust belt must thus have ended before the first
metamorphic deformation, or else directions of transport varied
greatly in the region. We have found no folds or other small-scale
tectonic features older than those of the first metamorphic defor-
mation. For example, countless pebbles and cobbles in Precam-
brian units are flattened and elongated into simple triaxial ellip-
soids that lie parallel to the metamorphic fold axes, and these forms
are otherwise only locally kinked on north-trending axes of the
postmetamorphic folds.

Postmetamorphic deformation and igneous activity were wide-
spread, variable, and locally of large magnitude. Tectonic transport
during the period from about 20 to 12 m.y. ago was eastward, as
shown by strongly overtumed folds and by offsets of parts of the
allochthonous sheets, some traveling as much as 30 km. These
events led up to the deposition of the upper Miocene beds, which

record voluminous volcanic activity and rapid erosion of the -

allochthonous sheets. Coarse detritus from unmetamorphosed
Triassic, Permian, and Pennsylvanian units makes up the lower
thousand or so metres of the sequence, and clasts of metamorphic
rocks appear at higher levels. This clast stratigraphy is so consistent
over the entire area as to suggest that the sediments accumulated in
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broad basins and that the allochthonous sheets were not broken by
high-angle faults with large vertical displacemems. The upper
Miocene beds were then folded on approximately north-trending
axes, and parts of the middle and upper allochthonous sheets were
emplaced onto them. Finally, the present ranges formed, probably
in Pliocene time, and faults of basin-and-range type developed
along the eastern front of the Grouse Creek Mountains and locally
elsewhere. :

With that much overview of the histary, we can turn to the ques-
tdon of what caused it. Probably the most significant facts come
from the dating and structural'study of the Precambrian adamellite:
(1) the entire area was underlain by a ncarly flat-topped body of
great strength and low porosity, from about 2.5 b.y. ago onward;
{2) the metamorphic fabrics in the body, like those in the rocks
above it, are dominantly horizontal or nearly so; and (3) the fabrics
decrease in intensity downward — so rapidly in the least
metamorphosed (eastern) part of the area as to be scarcely discern-
ible 800 m below the top of the adamellite.

These facts are difficult to reconcile with horizontally directed
compression of either the adamellite or the layered rocks above it,
which tends to rule out thrusting during the period of metamor-
phism. The vertical distribution of strain also excludes
infrastructure-suprastructure models, such as that proposed by
Armstrong and Hansen (1966) for this same area.

A model proposed by Kehle (1970), on the _other hand, seems
suitable to the distriburion of deformatdon. His model has three
rock layers: a rigid basement, a ductile intermediate layer, and a
less ductile upper layer. The layers remain immobile as long as they
are horizontal or nearly so, but when they are tilted to some critical
slope, gravity induces shear in the ductile layer. Rocks in the ductile
laver thus flow laterally over the basement and carry the upper
layer with them. For the area studied, the basement was the Pre-
cambrian adamellite, and the ductile layer included .all the
metamorphosed rocks above it — part of the autochthon, all of the
rocks of the lower allochthonous sheet, and parts of the middle
sheet. Figure 13 is a simplified diagram, similar to’th.ose usec! by
Kehle, showing the relative amounts of displacive strain at various
depths. The relation berween the ductile layer and the overlying
rocks is poorly known because of erosion, but it is probably a gra-
dation.

Qur case differs from Kehle's simple three-layer model in that
major low-angle faults have developed. The lowest fault lies mainly
in the graphitic schist of Stevens Spring, or atits upper contact, and
the middle fault (which is apparently the one with the largest dis-
placement) lies mainly in the metamorphosed organic shales of the
Mississippian, or at their upper contact. Water and organic fluids
were unquestionably produced in these units during thermal
diagenesis and metamorphism. These facts fit the general
mechanism proposed by Hubbert and Rubey (1959): the expelled
fluids led to separation and nearly frictionless translation of the

Lu.us K Upper allochthonous shee-t _______ e
R M \ " -}
. i
; : Middle allochthonous sheet !
L e 4
| . \
e = \ tower
-~ Schistose adamell!te Quartzite and cheet
~—Gneissose adamellite schist of
«———Granular adamellite autochthon

Figure 13. Vertical section showing displacements of various parts of
autochthon and allochthonous sheets by flowage and low-angle faulting.
Heavy line indicates positions of points originally on dashed vertical line.
Strains are idealized 1o one movement plan. Actual slopes of surfaces are
unknown. Vertical dimensions are approximate and are depicted to scale
at time that deformation started.
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allochthonous sheets. At the several places where we can determin
the direction of translation, it is the same as the sense of shear in th:
ductile rocks above and below the faults. ,

It thus appears that both flow and faulting resulted from ther
mally induced changes and were probably driven by gravity. In
deed, it is plausible that the entire deformational system was causec
by widespread heating and uplift. The greater degree of heating
(mctamorphism) in the part of the area where granitic pluton:
occur suggests that more extensive, subjacent plutons caused the
heating as well as the uplift, perhaps forming a broad dome. The
shape of the dome could have changed with time, thus providing an
explanation for the changes in direction of flow and low-angle
faulting as well as for the varied overtum of folds with depth and
for the unequal cooling histories from place to place. The first set of
metamorphic folds would represent the west and north sides of the
dome during that deformation. The crest of the dome may have
shifted to a position near Muddy Canyon during the second defor-
mation, for the folds north of the canyon are overturned to the
north whereas those in the middle and lower allochthonous sheets
south of the canyon are overtumed to the southwest. The crest
would then have shifted to the west, leading to large-scale eastward
transport at the close of metamorphism and afterward. Finally, the
Jate Miocene basins suggest that large parts of the eastward-facing
surface sagged at that time. Even so, the recent cooling dates, the
contemporaneous volcanism, and the emplacement of subsidiary
sheets on the upper Miocene rocks suggest that heating and defor-
mation remained closely related until they ended, about 10 m.y.
ago.
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