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Ahslrnct.—Tho Ulm; Hihlioii liiu'iuiioiit Is nn en.st,-wnst struc-
lunil 7.01U'. tliut. Is aiiiiut 2.T kihimi'lors wUlo. lUid |iu.s.s(>.s tlirouirli 
llio I'i(x-lie iiiiiii'i-iil licit, nl; iilioiit. .'f.S'.lO' .\. It i.s hcst. known In 
Ulah. wliore IL i.s at, li-iiist, l!iO km long, luul extonil.s from tlic 
.sDiiihtTH iSovicr riiilc.Mii in Um }\'\ii\\ riivtciuLS wcstwnrd nnfi 
nrro.s.s .soulhorn .Mduntaiii Homo (.NO.HUO) Kiingo in tlu; Gront 
Hiisiu. It, prolnilily coiitinnos wosCwiirc! an (uUlitlounl 170 
km inlo .\oviula, whoro il, connc^ct.s wilh llio oii.slorn onil 
of the 2.'}0-kni Warm Sllrin^^^; lincainonf.. The Bhio Ulhhon 
linoiiinonl I.s deliiu'd by range terminat ions nnd enst-trendlng 
viilleys, alincincnt of eruptive ceiilers ot middle, Miocene 
(•JO luilUon years) lo l ' l iocene(?) (."J-LS m.y.) nlknllc rhyoUte, 
alinomont of nren.s of middle Miocene lo Pliocene mlncmllzcd 
rocks (mostly lliiorlne. nraninm, tungsten) nnd hydrothermally 
altercHl rocks, east-trending ningnetic highs nnd Interruptions 
of magnelic anomalies, nnd east-striking hnsln-rnjige fnu l t so f 
late Tert iary and Quaternary age. Mountains south of the 
lineament are loiKigrniihicnlly nnd stnicAirnlly lower than these 
io Ihc north. North-striking Quaternary basin-rnngo fnult.s, 
the Thernio hot springs nren, sevcrnl-wnrra springs and former 
hot springs, nnd numerous dacitic to 'nndesit ic volcanic centers 
of early to middle Miocene, age (•2C>-20 m.y.) occur along the 
lineament. The Blue Kihhoii llnenment is hellevc<l to be a 
deep crustal fault zone dnting from at least middle Miocene 
time ajul jKissibly much earlier. I t Unis developed generally 
coincident with norlherly trending classical basin-range faults. 
I t s fracture Rystcra was au important, long-lived conduit for 
mineralizing fluids, and It should be nn at tracUve target for 
minerals exploration in the future. The l ineament could be 
due to nn east-trending warp in the subducting mantle plate, 
or it could be part of a past or present Intracontinental t rans
form fault, tha t locally gets younger eas tward and dies out 
eastward In the western Colorado Pla teaus province. 

Thi.s report is nn outgrowth of vnriotis studies on 
(ho geology of southwestern Utah. One of these studies 
w;is n detailed geologic mapping of the .southwestern 
part; of (lie High Plateaus subprovince of the Colorado 
I'lateaus and mapping of the nearby Black Mountains 
of the eastern Great Basin (Anderson and Rowley, 
197.5). Other studies were conducted farther west in 
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the Great l^.asin and consisted of an investigation of 
the Staats (Monarch) minc-Blawri Mountain area in 
the .soiilhern Wah "\Voh Mountains^ by D. A. Lindsey 
(tiiipul). diita, 1070) and reconnaissanco,geochemical 
stiidi<'S in the southerii parts of the Wah Wah-Moun
tains nnd Mountain IToine Range (formerly (tailed 
Needle Range) by D. K. Shawe aind D. A. Lindsey 
(unpub. data, 197C). During these studies it became 
appaicnt that Tert;iary volcanic centers,,Tertiary min-
eralizc<l and hydrothermally altered rock, geophysical 
anomalies, topographic features, and Tertiary and 
Quaternary basin-range faults defined an east-trending 
structural Imlt that pas.sed through, all th'e. previously 
studied areas. ', , •' " ; 

In 1075 an opportunity arose to investigate the hot 
springs and a.s.sociated rhyolite centers along this east-
trending structural feature, as well as those hoi springs 
and rhyolites north of the fe.ature,'a9 part of a pro
gram of reconnaissance and detailed mapping^ of 
young i-hyolite centers around the rini of the Colorado 
Plateaus piovince for their geothermal potential (for 
example, Lipman and others, 1975; 1078; ;Rowley and 
Lipman, 197.5). A major phase of .this,program was 
the detelimination,of K-Ar ages,of' 'alkalic rhyolite 
(Mehnert and othere, 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 part,..of .Utah. The 
youngest K-Ar age of four rhyolites was from a dome 
"•*• D^"g .P''^^>o" Summit, which gives its name to the 
structural feature described here. . , • ; 

This report describes the nature of the Blue Ribbon 
lineament, a through-going structural feature at about] 
SS^IO,' N., that crosses the Wasatch Front and the dom
inant trend of basin-range faults nearly at right angles.! 
The Blue Ribbon lineament is about 25 kilometers wide 
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and c.xh'iuls alxuit. ,!!)() luii tlirotigh (iu-. Great Basiii 
and Colorailo lM(!a(caus of southwcsttMii Utah and 
prol)al)ly an addilioiial 170 km westward through cast-
(srn Nevada. 'I'he, ]im;anicii(; appears to ho collincar at 
about 1U)° W., in Noviwla, with the 230-km east-trend-
ino- AVariii Si>rings lineament (.Ekrc.ii and others, 
]!}7()) of similar characteristics, which extends to ' the 
western edizv, of tho, (^ireat Basin. Tn Utah, where de-
({liled dala arc available and whero we aie most fa.mi-
lar with the geology, fhe, lineainent is traced from 
southwest of Indian Peak in (he Mountain T[omo, 
Range near tho Nevada border east to the .\ntiinony 
mining district, which is oast of the sout,hcrn Sevier 

j Plateau ((ig. 1.1). The southern edge of the lineament 
/ is several kilometers south of the latitude of vVntimony, 
I and tho iiotihern edge is near the latitude of Beaver. 

• The Blue Ribbon linoaniont as here defined lies 
within the southern half of the l)roa<l Wah Wa.h-
TiLshar mineral belt (fig. 2) of Tlilpcrt and Roberts 
(1!)G-1) and just north of the Pioche mineral Ixilt of 
Roberts (li)()4). I t cro.s.se,s the a.xis of tho "Pioche min
eral belt"' as redefined by Shawe and Stewart (1976) 
but,, because of tho overall coincidence with the Pioche 
mineral belt in Utah, tho Blue Ribbon lineament is here 
(.'(insideied to be a distinctivc./.onc within the broader 
feature as defined by Shawe and Stewart (1976). 

Achnoiole.d.nmeiit,s.—Recognition and analysis of the 
I,51uo Ribbon lineament is due partly to discussions 
with T. A. Steven, G. P. Eaton^D. R. Shawe, and E. B. 
]':kren. "Wc arc grateful to E. B. Ekrcn, .1. H. Stewart, 
and I). R. Shawo for making available much unpub
lished data on oast-trending features in the Great 
Basin. R. K. Glan/.man, G. L. Galyardt, and P. L. Wil
liams provided infoiMnation on some areas in tho Great 
Basin with which they arc familiar. J. S. Pallister as
sisted witli collecting specimens for K-Ar study and 
made mo.st mineral separations. 

PREVIOUSLY DESCRIBED EAST-TRENDING BELTS 
IN GREAT BASIN 

East-trending belts of mineral occurrences, geophys
ical 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-
scribe<l in the following paragraphs and shown on 
figure 2; none of these axes arc mutually exclusive 
becau.se the authors used different scales and different 
criteria for plotting them. Most of the lineaments 
probably leflect in one way or another the effects of 
deep cast-trending fault systems in the Great Basin, 

I, 

nppafc.ndy of an age coincident with classical basii 
liuige, struciurc but perhaps con'-.rolled by features thr 
are j>artly older than basin-range structure. 

Hilpert and Roberts (1964) summarized previoi 
w(H-k and d(>sci'il)ed three broad belts of intrusive rod 
and metal mining districts in western Utah (fig. 2 
from north to south tlic Oquirrh-Uinta, Deep Creel 
Tintic, and Wah AVah-Tushar belts. The mining di 
diets on the belts account for 95 percent of Utah 
(•o|)per, lea,(l, silver, gold, and zinc. Erickson (197':J 
discussed tho nortliernmost belt, which he renamed t! 
liinta-Gold Hill trend and which he extended farthc 
eastward. Tho southern two belts continuc'into Nevac: 
as the Cherry Crce.k belt and the Pioche belt (Roljert 
lOlM) ; Roberts (1966) later described the broa 
curving (Joitez-Uinta axis, which connects with tl 
(.)(piirrh-Uinta belt, and the Hamilton-Ely belt i 
almut ;59°10' N. Callaghan (1973) also called attcntic 
to east-trending mineral belts! Zietz and others (196[ 
noted oast-trending aeromagnetic patterns in tl 
()<li!irr)i-Ui!ita, Deep Creek-Tintic, and Cortez-Uin1 
belts. C/Ook and his coworkere (for example. Cook ar 
.MontgouKuy, 1974) )X)stulated three broad east-trent 
ing /.ones in Utah defined by gravity data. The axes c 
these zones are at 40'40' N:, 40° N., and 38°40' IS 
within the mineral belts of Hilpert and Roberts (1964 

.Shawe and Stewart (1976)'. discussed the three mi 
jor Utah mineral belts .is-\vell as'Nevada mineral belt 
Their Pioche mineral belt, which extends eastirnortl 
eastward from Nevada into Utah, contains the We 
Wah-Tushar belt of Hilpert and iloberts (1964) ar 
the Pioche belt of Roberts (1964). The axes of the 
Imlts generally are defined by alined Cretaceous ar 
Tertiary ])lutons, zones of faults that are transverse 
tho northerly basin-range faults, gross aeromagnet 
patterns, and major mineral occurrences. To the thr 
major belts they added another, smaller belt south 
the Pioche belt, which they called' tKe' Delamar-Ir( 
Springs mineral belt (fig. 2). Stewart, Moore, ai 
Zeitz (1977) discussed the belts in terms of distributij 
of igneous rocks; they observed that broad east-tren 
ing zones of volcanic rocks'fiii^ Nevada and westc 
Utah dccrea.se in age from north to south. The axes 
tlieir volcanic belts correspond to the axes of the b< 
of Shawe and Stewart (1976)'. j ' , ' - ' ' ' ' I 

Eaton (1975, 1976; luipub.'data, 1976) describe' 
major ea!3t-trcnding crustal, boundary that era 
Nevada at about 37° N. (fig. 2) , thence gently swi 
northeasterly into southern Utah,' coincident with 
Intermountain Seismic Belt.iThis zone, which is 
fined largely by gravity and magnetic data, seismi 
and depth to the M-discontinuity, marks the soul 
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Fu;i;iii; 1,— Index maps showing loixigi-aiihic and aeromagnetic 
cxiire.ssi(jn of uii.sl. of the Tlah part of Ihe liluo Ribbon 
lincaineiil, ,1, liaised relief ma|i showing loi-alioii of geo-
gra|iliir and geologic features near llie lUii,' Kiblioii linea
ment as well as localion of areas nf Hmn'es .'! and 1. .\i>-
proximale lionmlarii's of Hliie Uibbon lineament shown by 
dashed hachured lines. Wasali'h Front shown by dashed line. 
l.H.'curreiice of alkalic rhyolilc. sliiiplc!. IS. .\erom.-igiielic 

ma]), from Zeitz, Shuey, and Kirby (107C). Blue Ribbon 
lineament shown by linc<l ruling. Outlines of aeromagnetic 
ridge of I'ioche mineral belt, inodlfl<ki from .Stewart, .Moore. 
and Zeitz (11177,' fig. o) , is shown by heavy .solid line. Con-1 
lour liil(u-vals arc; 'JO and KK) gammas. I. Indian P a r k ; S, | 
S iaa ts (Monarch) mine; F, Frl.sco;,T, Thermo hot springs;] 
.\I. Milford; Mi, Minersville; R. Heaver; Co, Cove F o r t ; c l 
I'iicl(!ville ; Ma. Marysvale; and .\. .Vntimony. 
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Boundary ol aeromagnetic ridge ol Pioche mineral bell. Iroin 
Sti2wart and others (1977) 

- O U >̂̂ <̂  o' east-trending mineral bells pi Shawe ana 
Stewart (1976) 1 

OU, DT, PI. Dl-Oquirrh-Uinia; DeeP|Creck-Tintic; Pioche: 
Dclmar-lron Springs 

Axis ol eastern parts ol lineaments ol Ekren and others (1976) 
WS, Tl-Warm Springs; Timpahute \ 

1 ' I . • • . •' 

Axis ol southern pact ol Intermountain Seismic Belt and 
appcoximato transverse crustal boundary o( Eaton (1975) 

' i' ' , i 
Mineral bolls of Hilpert and Roberts (1964) and Roberts (1966) 

FiGUUK 2.—Index map of eastern Nevada and western Utah 
showing location of Ihe Blue Uibbon lineament and other 

: east-trending s t ructural , mineral, and geoiihysicnl belts do-
.scril)ed in llu; published l i teralnre. î  (Sal t Lake ( ' l t y ) , r r 
(Provo) , N (Nei)hi), F (F i l lmore ) ; ("o (Cove F o r t ) ; . B 
(Beaver ) , (;.' (Cedar City) , and 11 (Hurr icane) mai'lc the 

Axes ol east-lroculing tnirc'eral belts ol Roberts (196'!. 1966) i \ ' ' 
extreme enstcrn edge (Wasatch Front) of the Great Baa 

T (Tcmpiuto) ; P (Pioche) ; St' (Statellne mining dl.stric 
SF. (San Francisco mining d ts t r lc t ) , M (Milford), and i 
(Marysvale) occur a t sites of major mining activity in j 
oiist-trcnding Pioche mineraj belt of .Shawe and Stew; 
(107C). ! 
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i„p'ot volcanic I'oeiis and mining districts in the 
fiv.'il' l^asin. lu Utiih, this Ixdt coincides with faults 
of (lie, -same, sd'ike and wi(,h s(,ringy of 'i)hi(,oiis and 
^ricanic centers (Cook, li)()0, inajis 1-21; l^lank and 
]\r,u-,kiiK 11)07, pi. 1). 

];|;i-en .and others (11)76) documented four line;i-
,11 Ills l)e(,\veeii lat :!7°-iO' and ;5i1° N. in south-een(ra,l 
N(\-a(l:i. each of which ranges in length from 200 to 
,00 km ((ig. "2). Their ev'tdonco consists mostly of toi)0-
(ri-a,pliic discontinuities and disruptions, terminations 
and alinemenis of aei'oniagnotic anomalies, alinenicnts 
of pillions and volcanic e^'iitors. and ot.her structural 
features. Tlieif noiiherii lineament may connect with a 
siinilat" lineaiiienl, in west-ce.nl ral .N'e\':ida doscfibed by 
'Hiiiiiler (11*71). The soiilhern two lineam(>ii(s of I'lkreii 
and others (1976) wore called (ho Wai'in Springs linoa-
nienl ;ind Timpahnle liiii\'imen(. Tlio Warm .Springs 
lini>;iiiient probably connects wiih the Blue Ribbon" 
lineanu'n(. and (he Tiini)aliu(c, lineiuiieiit oxliuuls into 
l'(ali as llio nofdiern edge of (he Clover Mounlains 
and Hull \'alley Mountains and into the. Iron Springs 
niilling district, which ocinirs at the intcrse,ction be
tween the Tinipahiite linoament and lOaton's crustal 
boundary (11)7;"). lOTl.i; unpub. dalti, 197()). 

PIOCHE MINERAL BELT 

Tlie. rioclit- mineral bolt, lis defined by Shawo and 
.'-^lewart (IHTG). is a broad zone niort; than fiO km wide 
liial exiends more (han HOO km from "the 'IViivpiulc 
ininiiig (lisd'ici in Xe\ada, east through tho Marysvale 
\c)lcanii', pile in Utah (fig. 2) . As Sh'r.wc and Stewart 
iioied, considerable coniinodit,ies ha,vv, l:)ee,n prtxluced 
along (ho beh. such as gold, silver, lead, zinc, tungsten, 
nraiiiiini. Iluorine, inangauesi\ copper^ and alunite. 
.•""̂ oine mining districts in the Indt are shown on figure 
•2. Those along the B\\w. Riblx)n lineament are dosc,ril.)cd 
ill the following disc-ussion. 

In addition to Ihe features enumerated by Shawo 
and Stewart (lOTG). ot'her c,haracterist,ics of the min
eral belt, ;trc noteworlhy. The ctustorly to east-north-
e;is(efiy (rends of occurrences of fluorine, tungsten, 
gold, eoi.iper, inolylxienuiin, Ica.d-zinc-silver, manganese, 
uranium, and barium minerals are apparent from pub
lished compilations (for example, Walker and Ostcr-
witld, lOO.'i; U.S. Geological Survey, Utah Geological 
and .Minci'alogicv'il'Survoy, 1964; U.S. Geological Sur-
i-cv, Nci'ada 13ure.'ui of Mines, 1964) ; occurrences of 
iron, IxM-ylliiim, alunite, sulfur, and other minerals 
hin'o a less well defined but nonthele.ss general e,:ist-
trending distribution. Many mineral occurrences, no-
t,ii,bly those of fluorine, IxM-yllium, uranium, t,ungston, 
and sulfur, aiv. young and commonly occur near centers 

of alkalic thyolites that range in age from middle Mio
cene (20 ni.y.) to Pleistocene. At Marysvale, for ex
ample, uiaiiium dei)osits (K(;rrflnd otliers, 1957; Kerr, 
1968) W(;re dattul at about 13 m.y. by Bassett and 
otluM's (lOCi.'!). Steven and others (1977) concluded that 
much a lull ile, uranium, fluorine, and molybdenite at 
Marysvale are I()-9 m.y. old, but that other deposits of 
aluiii(o and base and precious metals arc early to mid
dle Miocene in age. Most other mineral deposits of tho 
I'ioche mineral belt are of middle to late Tertiary age, 
and soiiK', as at Tempiiitc and Pioche, (Krueger and 
Scliilling, 1971; .Johnston, 1972), may ibe totally Cro-
tac<'ous in n<st\ Tn the Pioclio mineral belt, many 'hot 
spring jireas f>ccur,, including known 'geothermal re
source areas (KXrK.A's) that may ])rovide geothermal 
energy in future years such as tho Rooisovclt area just 
west of the iMiueral iSrountains and tihe Cove Fort-
Siilfui-dalo aroa just noitheast of tho Mineral Moun
tains. Clearly the overall Pioche mineral belt has been 
in existence, at least from middle Tertiary to Holocene 
time and porhaiis even longer. ' 

,'1'ho T*iochc mineral, belt of Shawe and Stewart 
(1976) includes the toixigraphically highest mountains 
in southein Utah and is also structurally high. East-
striking faults occur in tho mineral belt. Callaghan 
and Parker (19()2), Kennedy (19G.5),|and Callaghan 
(1971!) noted that tho Tushar Mountains probably oc
cupy part of an east-trending arch that is bounded on 
its northern sido (in the'Uiajor east-trending valley of 
Clear Creek near the northern, edge of the mineral 
belt) by a parallel downwarp. The arcli occurs in the 
.same area where an ea.st-trending highland of probable 
Lato (,'felac<M)us or early Tertiary ago' extended both 
oa.st and west of the Tushar Mountains (Butler and 
others, 1920; Callaghan, 197-3; Anderson and Rowley, 
197,">). Because of the highland, lacustrine and fluvial 
rocks of etirly Tertiary age in the northern ,PIigh Pla
teaus aro difTcrcnt in lithology from' lacustrine and 
fluvial rocks of the same age in tho ^southern High 
Plateaus, and sedimentary rocks of ear ly Tertiary age 
in tho Tushar Mountains are al.>sent oriare thin and of 
difi'crent character from Ijcds of tho same age to the 
north and soiith. • . ,i, , . , 

As noted by Shawe and Stewart (1976, fig. 2 ) , the 
Pioche mineral M t is characterized by plutons and 
volainic rocks mostly of Cenozoic age..'One of these is 
the granitic batholith of the. Mineral Mountains (Liese, 
1957; Earl), 19,'57), which is in the first range west of 
tho Wasatch Front (fig. 1), and is the largest pluton 
in Utah; publi-shcd K-Ar ages of 15-9 m.y., (Park, 
1968; Armstrong, 1970) have received, some confirma
tion from Rb-Sr dating (C. E. Hedge, unpub. data, 
197()). Tiava and tuff fields of alkalic rhyolite are 

1 

'»<><'=«<«»«i»33B»a3!sss^a[gî BSias^se@^EffiiiaH!ns^^^aa 



180 HMJIO I t lUnON MNKAMKN'r, S O i m i WF.STKUN UTAH AND EASTPMtN NEVADA 

abundant in the Pioche mineral belt,. The largest such 
field is (he .Mount Belknap Rhyolito, about 21-17 m.y. 
old (Ha.sse(,(, and others, IDIiH; Uunningham and 
S(,e.von, 11)77; .Stoven tind others, 1977), and the related 
.loe, r>ott, Tiiir (Callaghan, ll);i9) in (,ho Tushar Moun
lains. .Vlkalic rhyolito is expo.sed at several places south 
of the .S,'in Krai)ci.sco Moiuit.ains (P.L. Wi!liam.s, oral 
coniniiin., 11)70). Alkalic rhyolito of Pleistocene age 
overlies the Mineral Mountains batholith (Lie.se, 1957; 
Etu-ll, 19ri7; Lipman and others; 197r).'1!)7S). A largo 
l>rovince of Quaternary basalt and minor rhyolite o<> 
curs mn-th of tho Mineral Mountains on the northern 
sido of tho Pioche mineral belt (Mehnert and others, 
1977). l.)i)|xn- Cenozoic alkalic j-hyoli(;es are (extensive 
in tho soui'hern parts of the Mountain nonio Range 
and (ho Walt "Wah Mount,ains (D. .'V. Lindsey and 
1'. Iv. Shawe, oral commun., 1975). 

The minoralized and hydrothermally altered rocks 
in the PitxTio mineral bolt are closely outlined by a 
broiid aeronitignotic ridge (fig. 2; Stewart and others, 
1977, fig. 5). Tho overtill magnetic high (fig. IB) con
tains numerous high-amplitude (tlnvt is, shallow 
crustal) hills and depressions (Zietz and othcr.s, 1976) 
that mostly reflect the presence of plutons (Hilpert and 
Roix'.rts, 19G4) and volcanic centers (Stewart, and 
others, 1977). In contrast, tho areas north and south 
of tho ridge are magnetically low and contain few 
superimposed magnetic hills and depressions. The aero
magnetic ridge ext̂ Mids from-aboiit 115° W. east, to 
about 111° 45' W.; tho wast end is terminated by a 
broad norih-tronding "quiet" aeromagnetic belt that 
bisects (ho Great Basin (Eaton, 1976; Stewart and 
o(,her.s, 1977; G. P. Eaton, unpub. data, 1976). In de
tail (fig. IB ) , the aeromagnetic ridge consists,of both 
eas(,- and east-northeast-ti-cndihg components. One ef
fect of the i,wo trends within tlie magnctio ridge is that 
tho western half of tho ridge is forked, containing a 
branch tliat continues w-est'. luid a branch extending 
from about 113°;W ^V. .south-soutlnvest to the westci-n 
end of (ho Delainar-lron Springs mineral belt. 

Tho Pioche mineral belt has striking similarities to 
the Deep Crook-Tintic mineral 'belt. For example, the 
Deep Crcok-Tintic mineral belt eontains major occur
rences of Ixiryllium, fluorine, lead-zinc-silver, copper, 
manganese, gold, uraniiun, tungsten, and other min
erals. Most of t'hese mineral occurrences clearly show 
a general cast-trending distribution (U.S. Geological 
Survey, Utah Geological and Mineral Survey, 1964; 
U.S. Gcologic,al Survey, Nevada B\ireau of Mines, 
1964; Cohenour, 1963; Park, 1968; Lindsey and others, 
1973, 1975; Van Alstine, 1976) or a northeast-trending 
distribution (Shawo, 1966). The I>.o,p Cix^ck-Tintic 
belt contains numerous centers of young (10-3 m.y.) 

allcalic rhyolite (Lindsey and'others, 1975; Armstronji 
1970; Mehnert and others, 1977), numerous pluton 
(Ililport and Koborls, 1964),'and numerous ea.st-strik 
ing faults (Stokes, 1963; Loring, 1972). I t is axial t< 
a, broad zone of (Jciiozoic volcanic rocks and is the sit 
of a broad oast-tronding magnetic riilgc, with supei-iin 
{)o,se,d highs and lows, that extends into Neviwla (Zict 
and othoi-s, 1969; ZieXz, Shuey,. and Kirby, 1976 
Stewart iind othei-s, 1977). ^Tho Crater Springs ho 
springs area occurs along its' southern edge. Like th 
Pio(die belt, the eastern end of tho Deep Creek-Tinti 
belt c/mtains a base metal and precious metal minin 
district (Tintic) near the "W r̂isatch Front, while jus 
west of (;his di.strict tho ypung, 17-' to 16-m.y.-ol 
(Armstrong, 1970; Cohenour, 1970; D. A. Lindso] 
unpub. dala, 1976) granite of Sheeprock Mountains i 
ex]H)sed in a configuration similar to that of tho Marys 
vale mining tlistrict and Mineral Mountains batholit 
of the Pioche Ixdt. 

. 1 

BLUE RIBBON LINEAMENT IN UTAH 
1'. 

' The Blue Riblxm lineament in Utah occupies an easi 
trending zone, about 25 km wide and 190 km long (fî  
I A ) , that is defined by magnetic highs and intcrruf 
tions of magnetic anomalies, alinement of Tertiar 
centers of alkalic rhyolite and dacitic to andesitic rock 
range tcrmin.itions and valleys, Tertiary and Quatci 
nary basin-range faults, and Tertiary mineralize 
(most.ly fluorine, uranium, and tungsten) and 'hydn 
thermally altered rock. Several 'hot springs also occi 
along the lineament, and their, presence suggests th; 
hot water circulation along,ithe lineament, which i 
Tert,iary time produced altered rock and carried mil 
orals, is remarkably long lived. 

The lineament concentrates many diverse feature 
but not exclusively so with irespect to those in oth« 
parts of the Pioche mineral belt; the lineament is onl 
one of several controls of such features within tl 
broad mineral belt. Another, suoh feature is a secom 
less clearly defined east-west linoament that oceui 
along the northern edge of the Pioche belt, mostly be 
tween the latitudes of Cove Fort and Marysvale (cei 
tered on 38°30' N.) and extending from at least 30 ki 
west of Fris(X) to at least Marysvale. Par ts of this fei 
ture were recognized by G. L. Galyardt (oral comm.ur 
1976), who observed east-trending geophysical patten 
in the Cove Fort-Sulfurdale area, and T. A. Steve 
(oral commun., 1977) who observed east-trending alih 
ments of published mineral occurrences (U.S. Geolog 
cal Survey, Utah Geological and Mineralogical Surve 
1964). The lineament also is defined by folds and faul 

I (especially in the Clear Creek area west of Cove Fort 

. 1 : • 
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i,,|.o-iapliy. aeroniagiietic, anomalies, c,t)incidonce willi Il)(i5). One. of (hose, citllod by Whelan the "main in-
hoi springs, and aliiienient of plutons and volcanic (fusion," yielded a new K-Ar age of 20.2^m.y. (table 
rent,MS, 1 ) ; it is hero called the rhyolit'.o of Staats mine. 

•• '()f ihc iyp«'s of ovidciu-e for (ho i)resencx of tho I^luo Petfograiihy of the rhyolite is summarized in tablo 2. 
i;il.i.<,n lineanieiil, (he nia,gne(,ic pa(,terns are especially Mineral separalions domonstra(;c that considerable ac-
insirn>tive. .\s rhe ae,iomagne(,ic map (iig. IB) show.s, eessory tn\y.f/. occurs in the ro(;k, and semiquantitative 
the Hhtc KiblKin lineament conlains a series of east- spec,trdgraj)hic analys(\s show tinomalously high 

^iliiicd highs'Tind low.s. These aro su|X',rimposed on the ainounts of fluorine, beryllium, niobium, lead, tin, 
laigci- I'iociic. magnelic, ridge. Thus tho line-iuuent europium, and liihium iu fresh rock of the main in-
foinis one of .';evoral e,;is(-ti-ending details in the Pjoche trusion (1). A. Lindsey, unpub. data, 1976). New map-
inagiiclicMgli.'Tiriilali Ihe Hluo l^iblHin linoaniont o<> ping revealed that lava flows of similar composition 
ciipies the .soutliern edge of the Pi(K;lio magnetic ridge, uudorlio Tho Tetons, alnrnt 2 km south of tho Staats 
but in .\evad;i llie HIne Ribbon lineament is near vho (.Monarch) mine. Taylor and Powers (1953) • and' 
ceniral p:iri of (he Piix'he, aiu'oiniignoiic ridge ('fig. 2; Whehiii (11)05) mapped numerous other areas of rhyo-
Zict/., Shiic)-. :md Kirby, 11)70), We beliovo that (ho li(e in tho Siaats (Monarch) mine-Bhvwn Mountain 
magnelic, paicin sliown by (he lineament results from area, but at least some of these aro of Oligocene ago 
a coinbinai ion of geoloo-i,;. fi,,a(,ui-cs. Those foatures will (Bushman, 1978). i 
1)0 clcs.M-ibed from west lo east,. Erick.son and Dasch (1903) mapixid two plugs ,of 

alkalic rhyolite in the southern Shauntie Hills. These 
Volcanic centers and hot springs '"••' intrusive into volcanic rocks that thejj correlated 

wilh the Isom I'ormation, but recent mapping (fig. 3) 
\-olcaiiic, .enters and pluttms mark the lineament, ,̂,̂ ^ .̂g ,.,̂ ,̂ j ,.,,^^,, ,,^,,.g ,̂ .̂ ,̂,̂ ,̂ ^^ ^ j ^ ^ j sequence of 

(hi-oiighout, lis length bm are rare or nonexistent, .south 'p^,,.,,.;,,,.^ i,,,.,, fi,,,,.^ ^^d volcanic mudflow'̂  breccia of 
ol llic lineament. Several hot springs occur near the in^nntidiaiexnunposition. The southern of the two rhy-
volcanu-, ccniers. At, (he wes(erii ond of tho Imeament ,,,5,^ j , , , , ^ ^ ^ ,,^,,,,, ^̂ ^̂ ^̂ ^ j . ^ ^ , . ^ ^ ^ Reservoir, yielded a new 
in 1 tail, soulh of Indian Peak in tho southern Moun- -,^. , \ , ,^j,,, „f. n.fi m.y. (table 1). The plugs are here 
<:utt Home (Needle) Rango (hg. 1.4), t,wo Tertiary ealle<l the rhyolito of Dead Hor.sc Resorvoir. •' '' 
i>oi'phyniu-, pliiioiKS, each underlying an area of 1 .̂  deoplv eroded dome and pos.sible lava flows of 
s.|uare k.lotneier. have been inapped (ll.ntzo, 1903). ^,„.,^^i^ .̂ĵ -,̂ ^1;̂ .̂ , .^^j^^,^^^^ ^ ^^^^ j - . ^ ^ ^^^ ^^ ^Q ^ ^ ^ 
riie.sc ;iio ml i-usivo into lower Tort lary a.sh-fh.w tulV of (f,̂ ,,,̂ , , ^'^^ j ^ ,,;,,.^ .̂̂ Ĥ ^̂ l ^,,^ j , , , ^ ^ , - ^ ^ ^^ Thermo hot 
inicrnuMiale coniposu ,0,1. Tho southorti «f these plu- . j , , . ; , ^^ ,^ ,„.,,,, -j, f̂ ,,,,„̂ ,. ^̂ ^̂ .̂  ,̂,̂ _,̂ „ j , ; ] , ^ ^y^^^^ 3 j ^ ^ ^ ̂ ^^^ 
•ons IS 1.;, km west ot tJio Cougar Spar mine, (ho mam ,,̂ . j , , ^ j,„^ ,̂|,,.i,,j_p,_ j , ^ ,̂̂ ,, Escalante Desert between the 
producer ot fluorspar ,n (,he Indian Peak mining dis- shauntio Hills and the Black Mountains (fi'g. 3). Most 
i n c . 4 ln,r..|,m and others (1I);VL p. (;, pi. 1) reported ,,,^,.„,i„. -̂  (i,,.i(.,inod. the exception being a' vitrophyre 
Ihat rlivohic, lava Hows, including iXM-litc and rhyolite ,„„„ (,„ t,,̂ , southwestern part of the rhyolite exiwsures 
'.•''̂ '•••̂ ; "••'•'"• '" '•"-• "'^•""'>' ••'•• ^'"' ^ '̂̂ "-^ '̂' SP= '̂' ''"^^ (table 2). Tho Thermo hot springs area is the site of a 
•' " ' '"""'••'• KGR.V. Tho hot s|n''ings occur in two en echelon north-

I'arilier east along llic Blue ,Ribbon lineament, in trending silica mounds controlled by Quaternary north-
ihc .Staals (.Monarch) mine—]51awn Mountain aroa of striking fractures, probably faults (Petersen, 1973). 
th.' soiiiheni Wah 'Wah .Mountains, two tilkalic rhyolito klasl-striking faults ea.st of the hot springs but Quatcr-
[.'lii.gs or sills (xcupy an area, of more than 1 kiii= near nary surficial doi)osits,'inc.luding Pleistocene shorelines 
ihe .--̂ iaa.ts (.Monarch) mine (.MilKu-, llKiO; A\"helaii, of the E.scalante arm of Lake Bonnevilli Thus an 

l' ' • 
1 

T.viii.i-: ^.— AllalyllClll dala fnr K..-lr ages fnr alkalie rhyolites uliing the lUue h'ihhnn lineamuni l ' 

[!X:c,rv co i i s t ancs i^t: K' ' " : ,\ - 0 . 5 8 1 x 10~10yr >, A =4 .963 x 1 0 ' ' ° y r ~ ' ; atioraic abundance : [(.''"/K-l .'167 x 10""*; 
*.-\r-^'-radi ogcn ic a r g o n ; m u i c r a l ana.lyzed Cor a l l s a m p l e s : s a n i d i n e ; po tass iu in d e c e r r a i n a t i o n s made wi th 
i CSC runenl at i on L a b o r a t o r i e s flame phocoincter wich a I.l i n t e r n a l s t a n d a r d ) i 

Loca t ion of r i i y o l i t e Sample L o c a l i t y K?0 *Ar'"' ^Ar' '" ;- Age 
No. Lac N. Long W. ( p e r c e n c ) x K ) ^ ' " ( p e r c e n t ) ^(m.y.+2a) 

S ia , i t s mine ST-R a S ' ^ l i ' ^ S " 1 1 3 ° 3 4 ' 4 5 " 8 . 8 6 , 8.84 
:),•.•id lKn-,';e R e s e r v o i r - - 75L-14A 3 8 ° 1 4 ' 2 5 " U 3 ° 1 4 ' 2 5 " 10 .44 , 10.37 
Then:!.., hot s p r i n g s 75L-13A 3 8 ° 1 0 ' 3 0 " 1 1 3 ° 9 ' 5 0 " 9 . 1 1 , 9.04 
Hlu,: Uibbon Summit 75L-12 3 8 ° 1 0 ' 1 0 " 1 1 2 ° 5 0 ' 2 5 " 8 . 9 6 , 8.94 

2.582 
1.755 
1.34 7 

.950 

74.0 
87 .2 
82 .0 
50 .2 . 

20.2-^0.86 
11.6-1-0.46 
110.3+0.40 
I 7.4-t-0.40 

I 
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' * 
',1'AMI.K :;.—Mmliil itiila and iielriigrniihii: descriiitionii nf rhynlites along Ihc IHuO lUbhon HncatnCnl 

i 1.'. •• , ,•, 

[1,000 points or more counted on th.ln sections; ^ not, present] 
o , I . 'c •• 

Mineral Modes (volume percent)''.. 

c •H 
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CO 
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U -H 
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Q P i 

o 
tn 

o 00 

OJ M 

H « 

•H 

>̂  
T) 
3 

c 
o 

Xl 
Xl 
-H 
Pi 

cu 
D 

m c/5 

4J 
1X1 

;• • t o p ^ 
>> 0) 

r t J rH 
XI r-H 

•, f d) rt 
H > 

Hi. 
u 
•H 
I - ^ '•• 

Orv 
a r-t 
O rH 

,Xi -H 

Plagioclase 2.9 5,9 0.3 1.1' /O.l ,' \2.9 ; 
Quartz 1.3 7.6 • .9 Trace ' 1.7 ' 3 ' — ' Trace; 
K-feldspar 7.8 5.7 .5 6.7 1.9 \ \ '. '',.4 ; 
Biotite .1 1.0 Trace ' .4 .1 3 ^ . ;: ' ' ' ; 
Hornblende '— .3 Trace ' Trace r' \ •>•--- ;•,'"•' '--,-' ' 

Pyroxene , — '̂..iji'y',., 4̂ ,3: | ,;,;;;. [TT-;'I 

Opaque minerals— .1 .5 Trace .4. .1 ''•[ ', —•-. ' ' Trace 
Groundmass 87.8 79.2 97.9 89.5 , 95.1 • ',.11, 99.6 '' 96.5 ' 
Xenoliths ,2.9 , l'"i:.'--- •,'•' '.'1- ' 

' I, 1 I ' • 

, I . • , • • , •, . ' . • \ ';; r - - . . . . , ,.n,., .,. .,- . • 

^Devitrified flow-foliated rhyolite containing vapor-phase minerals,'and ̂ 'some feld
spar microlites. .,. •• , ii''']'''..!.c, "'' ',-''' 

^Devitrified resistant, locally vesicular pink rhyolite from a plug with a diametei 
of about 1/2 km. I'c; . • . . 

^Average of 2 thin sections. Obsidian and mostly .devitrifled^flow-foliated rhyo- ; 
lite containing feldsp^ar microlites and vapor-phase minelrals; ..) , h.'/.':,'-.i'".- ',;'- '; ,;• ' : 

''Average of 5 thin sections. Devitrified poorly welded tuff structure, v Some ' . •-. 
specimens contain vapor-phase minerals. Scattered ash-flow tuff, (d.''.kes, plugs, and 
volcanic mudflow breccia at and near Muddy Hill (2 km southeast of Minersville). ", 

' } ' ' "• • ' - ' 

^Average of 5 thin sections. Mostly devitrified flow-foliated rhyolite. Some' ' ' , 
specimens contain bands of slightly devitrified rhyolite alternatfn'g'f'.wlth bands 'of 
lighter colored devitrified rhyolite. Some specimens contain feldspar.'micrdlites','^" anc 
some contain vesicles and spherulites. One specimen is of slightl'yr devitrified peril-
tie glass. IVo specimens from dikes 3 km south of Blue Ribbon Summit,, other two from; 
dome at Blue Ribbon Summit. , \ 7 , i ' . •' ,; . . '•' • '• •• , . ] 

^Mostly devitrified flow-foliated rhyolite that is somewhat vesi',cuiar'and contains', 
feldspar microlites. • , . , • , • ''•.•...!^:t^*,t7i3'-77-37 - 7 ' . 7 ' ' < 

'^Average of 5 thin sections, given in Rowley (1968, p. 319-32l)';licKetn'icai arialyses; 
of two specimens also in Rowley (1968, p. 44-49). Mostly flow-'foli'ated'-rhyolite con
taining bands of slightly devitrified rhyolite alternating with bands, of lighter,' 
colored devitrified vesicular and amygdular spherulitic rhyolite.,, 'One vSamp lie ,essen-, 
tially nondevitrif ied perlitic glass; another an intrusive breccia.-,|i;.!!;Fpur,> specimens-
from Phonolite Hill, and one from basal glass of a lava f low on thej ̂e'as Vern 'flank" of :' 
the southern Sevier Plateau north of Kingston Canyon.'' ' *^-l':'f,',,"''"•', ' ,-'i("'', ! 
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Miocono and 
Oiigocono 

DESCRIPTION OF MAP UNITS 

Travofiinu hot spring deposits (Hoiocone) 

EXPLANATION 
CORRELATION OF MAP UNITS 

f Holoceno 

Ploinlocono 

Pleisioceno or 
Pliocene 

QUATERNARY 

QUATERNARY OR 
WERTIARY I 

I 
Alluvium, t;in doiKisits, pedimont dcpobits (Holocono and Pleistoceno) 

LnKo Boniievillo sodimrtnis (Ploistocone}--Lake deoosits'and altuvium in 
Escalonie aim of Lake Bonneville ( jl ' ' ' , . ' 

Basaltic lavn (lows (Pleistocene or Pliocene) , ,' 

Rhyolite ol Dead Horse Reservoir (Miocene) 

Rhyolito ol Thermo hot spnnga (Miocene) \ 
Horse Volley Fotmation (Miocenel-Lava (Iowa, plugs, and volcanic'' • ,,,. 

mudtiow breccia of rhyodacitic comF>osition. Aboul 22-19 m. y. old 

Mount Dutton Formation (Miocene and Oligocene)--Votcanlc mudtiow breccia 

Volciinics of Shauntie Hills (Miocene and Oligocene ?)-VolcRnic mudtiow 
tKecc'.i and lava llows of intermediate composition • I; 

7 • 
CONTACT . i . ' 
FAULT,,Dashed where appfo»iniately locaied, dotted where conceaied. • 

Bar ant) hall on downthrown side 

s rn ih i ; ArjD DIP OF BEOS 

3 4 KILOMtlERS 

,J., —J ..-

Fiotnu: 3,—Preliininnr.v geologic mnii of I'lifniio lior, .spi'liigs 
areti and Konlhcrii Shiuinlio Hill.s (P, 1>. Rowley, iiiipiil). 
(lata. 197.5) .showing di.'il.rilnilion of alkjilie rh.volite (Trd, 
T n ) , .\olo easl-l,roniling fnnlls nt the lalihulo of the hot 

ori lioL'oniil .system of faults appears to confrol fbo liot 
.spi'iiic's (Ho\vle.y and .Li])inan, 197,'')) ; this intcri>rela-

spring.s nnd of the rhyolite of Thermo hot springs. See An
derson nnd Rowley (197,'5) nnd Fleck, Anderson, and Rowley 
(19T5) for nddltlonnl dotallfi. 1 

partly coincides with several centci-s of silicic tuff south 
and southca.st of Minersville postdates i the Miocene 

lion IS siippoi-tcd bv '-(-ophvsicJil studies by the Univer- dacitic to andesitic rocks: this silicic tuff here is called 
sitv of l.iUih (liobcrt Sawyer, oral commun., 1977). the rhyolit,e(1) of Muddy Hill (tabl6r2).';,I>6tson8 

.About 10-];") kill south and southeast of the Thermo warm .spriiiff (Mundorff, 1970, p. 43) on the eastern 
lioi springs area, in the, 1101Ihwcstcrn l^lack Mountains outskirts of IMinersvillc Hes along a major north-trend-
(.;\ii(li'rson and Eowlcy, 197,5), stratovolc4tno sources ing fault zone. Ix;e (1908) noted silica mounds, indic'a-
for vbyodacilic volc;\nic mudflow biTccia, plugs, and tive of former hot springs, near North Spring aboiit 
]a\a flows of the Horse Valley Formation (22-19 m.y. 5.5 km north of Minersville, and Earll .(1957) recorded 
old) arc c.\jx>sed. sulfurous fumes and wami -water at Oak Spring nearly 

]\I()si \'oK-.anic roeks (volcanic mudflow breccia and 1 km northeast of North Spring. 'i ', ' 
lava llows) lying north of the canyon east of Miners- Blue Ribbon Sununit, in the northern,Black Moun-
ville and e.xtending south through the Black Moun- tains about 9 km southeast of Minersvilley is underlain 
fains belong to the !Mouiit Dutton .Formation (26-20 by a dome and lava flows of alkalic rhyolite (jfig.,4) 
ni.y. oUi). One source for these volcanic rocks of in- that are partly covered by basalt lava flows (Anderson 
(erinediate conijwsition is a dacitic(?) plug, the ap- and Rowley, 1975, p. 37). The rhyolite yielded a new 
parent, core of a stratovoiciino, at Black Mountain, K-Ar ago of 7.4 m.y. (table 1). Alkalic rliyolite also is 
about 'I km southeast of Minersville. A major N. 10° exposed less than 3 lan,south-southea,st of Blue Ribbon 
W.-strildng fault that passes through Minersville and Sununit. These rocks, here called the'rhyolite of Blue 

3' 
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,t m }j^-^J}—j} 1 12° 50' 

0 T b 

EXPLANATION , 
conFtELAnoN OF M A P UNITS 

QUATERNARY OR 

Tr 

Tn 

Tc 

Pleistocene or 

Pl iocene 

• Mioceno 

Mioceno and 

Oligoceno 

Mtocene or 

Oligoceno 

• Oligocene 

Oligocene and 

Eocene 

TERTIARY 

TERTIARY 

i.-. 

QTb 

Tm 

Tma 

DESCniPTION OF MAP UNITS 

I - i 

Basaltic lava (lows (Pleistocene or P l iocene l „ ' . ; 

' i ' ' : ' ' • ' . , ' ' , " 
Rhyolito o l Blue Ribbon Summii (Miocono) 

V , ' , 1 

Mostly volcanic mudllow breccia o l Mount Dutton 

Formation (Mioceno and Oligoceno) : 

A s h f l o w lu l l member o l MounI Dui ion Formation j 

(Miocene and Oligocene) . 1 ' 

Isom Formation (Miocene or O l igocene l -Ash- f low 

lul l about 26 m. y. old ' • , 

Needles Range Form'ation (Oligocene) .-Ash-l low 

lu l l about 29 m. y. old , , 

Claron Formation (Ol igocene and Eocene)--Sandstonc 

nnd limestone ' . ' 

3 K l L O M E I E l i S 0 

CONTACT ,. ;, 

FAUl.T-,DaslioO wh'ere appronimaiely loca ied, 

;Bar and ball on dowri thrown side 

STRIKE ANO DIP'OF BEDS ' 
Inclined \ 
Verl ical ' ' 

Horizonlal ^ , 

HYDROTHERMALLY ALTERED ROCK 
• ! ' 

Kifii;i!K -i.—I'rellinliinry geologic mnp of the Blue Ribbon Summit nrca, northern BInck Mountains (P. D. Rowley, unpub. 
data. I!)?")), showing di.>itrll)ution nf alkalic rhyolito (Tr). Sec Anderson and Rowley (1075) nnd Fleck, Anderson, and 
Udwli'v (1!I7.")) for iiddillonnl d«,'t.ail.s. 

Ribbon Summit, are mostly perlite and devitrified rhy
olite; ob.sidian is rtirc (table 2). A'cnts of alkalic b.nsalt 
lie 1-2 k'ln east of ]31iie Ribbon Summit. The rhyolite 
and basalt arc cut bv north-northea.st-strikinir faults, 
most with displacements of less than 50 m. 

• ' • • . ' { • ' • • . • ' • •• ' • 

east and wcsst, respectively, or Nevershine Hollow; Eas 
of Nevcrsivine Hollow, J . ' j ; Anderson (unpub. data 
1976) inap[x;d a small caldera less than 3 km in longes 
diameter that erupted a green poorly welded to non 
welded silicic ash-flow tuff [(Rowley and Anderson 

A di.ssectcd rhyolite dome, the rhyolite of Teddys 1975, p. 12). This rock i'sLcfystal poor e-x'cept fo: 
Valley, wciirs in a similar geologic setting, and of an abundant tiny hornblende crystals. The tuff, as well ai 
assumed similar age, 10 km east of ]51ue Ribbon Sum- caldera breccia and landslide breccia, occupies the in 
mit (table 2). I t covers an area of about, 0.2 km* just ner sides of the caldera and the low grassy 'valley, ii 
r u t h o f Teddys Valley and is partly covered by basalt tho interior of tho caldera. Some tuff also occurs ii 
that is tiansectcd by north-northcnst-striking faults. Nevershine Hollow. The caldera is cut by numeroui 

Nevershine Hollow, draining north, and Fremont youthful basin-range faultsj'ofj relatively small dis 
Wash, draining scuth, .separate tho Black Mountains placement. The topographic .expression,of the calden 
ou the west from the Tushar Mountains nnd Marka- and the presence of the tuff exhurned from Nevenshiiii 
gunt Plateau on tho oa,st. Dacitic, coarsely porphyritic Hollow argue that the caldera and tuff are young 
lava fiows of the Ikviver Member (25 m.y. old) of the probably Pliocene or late Miocene, and thus the tuff ii 
Mount Dutton Formation and their probable plutonic roughly correlative in age with other' rhyolites alonj 
source were mapped by Anderson and Rowley (1975) the lineament. l̂  ' ; ! 

s 
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.A, w r y large posilive niagnel,ic anomsdy ( l^ppich, possibilily of a shallow iii( nisi ve body is suggcsf.cd l.)e- I 
.11)7:;: Zicl/., . Sh i i cy . and K'ii'by, l!)7<i) underlies llie ca.iise rhyoli te lavas, in general , a re magnet ical ly f 
soiillirm Tu.sliar Moun ta ins , -on line, wiih fh(\ lUue benign and rarely give rise to pronounced m a g n e t i c / 
Kibhon linctimeiil. .Major \ e n l s of Ihe iNfouiit Diitliin anomalies ((! . D. Hath, oral commun., 197C). T h e 
Format ion , the Dry Hol low F o r m a t i o n (22 m.y. o l d ) , largest rhyol i te [iliig in Kings ton Canyon, ' probably a 
oMei- ba,snll llows (22 ui,v. o ld . ) , iiiul pe ihaps younger main vent for the lava, llows, was pic tured by Diitt.on 

(upper Ceno/.oic) basal t llows (.Viuhuson and Rowley, (bSiSO) in his cla.ssic rejjort and the rock \was named 
197.">) occur on Ihe l ineament iu fhe southern T u s h a r jihonolite, a l though Dut ton noted t ha t the .samples he 

.Mounlains. 'hlie lar,i;'e'S(, of lhc>se vi'iit siriicfures is iden- collected were too alfereil for microscoi)ic examinat ion . • 

lilieil hy ihe presence of a large a rcua te fiuilt,, convex Chemis t ry and petrogriUphy clearly stiow t h a t the 

,soulliwaid. t ha t was mapped by J . .1. Anderson (un- plu.gs and flows are mostly devitrified rhyol i te ( tablo 
|)iib, diita, ]'.)7I) on rhe southern side of lUrch Creek 2 ) ; minor obsidian a t the intrusive contacts of the 
.\fouiitaiu near the soul li western side of the large posi- p lug and at the base of the llows, as well as pcrlit;e,'-_ 
live magnet ic anomaly. T h e faul t is of major dis- coui])oses some of the rock. On the basis of pct ro-
id.-icemeut t ha t is down on the nort i iern side and is grai^hic s imi la r i ty , the i 'hyolite in Kings ton Canyon 

\ 
considered to rellect (,'olhi])se iliie to erupt ion of magma, was correlated (Rowley, 19(18; Anderson and Rowley, 
of ihe .\b)imt Dut ton l<\)rmation. T h e faul t probably .-1975) wi th the iNfoiint Be lknap Rhyol i te , which has a 
is the par t ia l surface t race of a deeply erCM:led caldera, K - A r age of aboiTt 21-17 m.y. (Basset t 'and others , 
aboul (I km ill diametei-, Ihat is concealed on the west- 19(i.'5; C u n n i n g h a m and Stoven, 1977; ' Steven • and 

ern, no r ihe in , and eastern sides by bas in-range faults others, 1977). T h e rhyoli to in Kings ton Canyon may 

am! younger rocks. Locations of o ther nearby major be considerably younger f.han the Mouitt B e l k n a p 

\'ciit comple.xes (,f. .J. .Vnderson, unpub . da ta , 197r)) of Rhyol i te , however. The rhyolit;e of the p lugs and lava 

the .M li Dul ton F o r m a t i o n — m a r k e d by dike swarms flows is here called informal ly tho rhyol i te of Phono-
aiid aii lnclaslic llows and locally by' hyd ro the rma l ly life Hil l . t 

aiiercd locks—include the following a r e a s : Circleville Most daci t ic to andesi t ic volcanic centers a long the 
Cany..11 (Rowley and .Vnderson, 1975, p. 25) , two Hlue Ribbon l ineament probably arc late Oligocene to 
i .hucs about I km west ami wesf-sonthwest of Circle- middle Miocene (27-20 m.y.) in age, in keeping' with 
viilc. IWO places aboul \-2 km east of Never.shiue Ho i - rh^. middle Te r t i a ry volcanic sequence t ha t character- ' 
low. and .several places on llic .southea.stern (lank of the izes this ])art of U t a h (Anderson and Rowley, 1975). 
T n s h a r .Mounlains (Circlevil le Mounta in 3m] nor th ) 'Phe four dated centers of alkalic rhyol i te a long the 

beiwc' i i Ihe laiiliides uf .function anil (Jircleville ]<h,e Ribbon l ineament, however, arc revealed to be 
(, DtMiglas K'ohoul, unpub . data , 197'2). A. dike swarm middle fo late Miocene (20-7 m.y.) in age, general ly 
veni aiva for older basalt flows occurs in Ti t t l e Dog correlat ive iu age wi th tho upper Te r t i a ry and Qua-
A'all.'V ali.Mii if km ,soui li-soiithwe.st of Circleville. .-V te rnary sc(|uence t ha t roughly coincides jwi th 'bos in-
largr l;UH',oliih of Oligocene ago, the Spry , p luton, and range fau l t ing (Anderson and Rowley, 1975; Rowley 

.sev,• la l i i i lcnvd laccoliihs of Miocene age occur in the and others , 1977). T h e four rhyol i te 'centers g e t ' 
n m i h , r n .Markagunt I 'hiteau a long llie southern side progressively younger toward tho cast. H a m b l i n and I ^p 
of Ihe I'.liie Ribbon liiu'anient (.\iider.sou and ]^1wley, jJest (1975)" and Best and Br imha i l (1974), among 7 '̂ ' ' ' 
1975, p. 1(1-17, ;!8-;l9) ; llie .Spry pluton, in particMilar, „fl,e.,. workers , observed a s imilar eas tward 'progrcss ion 
I'orms a large iiosit ive aeromagnet ic anomaly (JCppich, of ages in upper Cenozoic basal t c c n t e r s ^ n extreme 
l ' . ) i - j . \). •S8-.>9). southwestern Utah and north-western Arizona. They 

: \ i Ihc, extreme easlci-n end of the linoirment, e.xten- a t t r ibuted the progression t;o an eas tward migi-ation of / 
sive alkalic rhyol i te occurs in the eastern Kings ton bas i iu range block faul t ing . \ 
Canyon area, of the southern Sevier P l a t eau . H e r e 

three iduiis of alkalic, rli\-olit,e under l ie an area of 1 ^ , • J » ^ i z » 
, , . . /, , , „ e Topographic and structural features 

kill' near the botlom of the canyon, sind lava flows of '( • 

alkalic rhyoli te aboul oOO in thick under l ie an aroa of T h e B lue Tiil)l)on l ineament is marked by gi'oss east-
Sfi kuV-on the Sevier P la teau nor th of the canyon and t r end ing fo])ographic and s t ruc tura l p a t t e r n s : ' T h e (7) 
in Grass Valley east of the plateau (Rowley, 19()8, mounta ins are both tojiO'graphically ancl-s t ructura l ly 

pi. 1; Rowley and AnderS()n, 1975, p. 27) . A. juo- h igher on the nor thern side of the l ineament t han on 
itoimced posifi\'e anomaly, shown on the aeromagnet ic the .southern side. In fact, t,lie south-facing step in to-
map (fig. 1.4), under the rhyoli te suggests the presence ))ography is s imi lar in t rend, ampl i tude , ' ' and facing 
of a shallow intrusive body beiuiath t,he anomaly . T h e ilirection to I hid, of the l ineament at 37° N. (G. P . 

1 
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I 
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f a u l t l'.ail,on, wrillen commun., 197(1). JOasI-.sl r iking 
i-are in this j iart of the ( j rea t l^asin where most faults 
s t r ike north-northwest, fo nort h-norl heiisl, also char
acterize the l ineament. .South of the l ineament, ea.st,-
s t r ik ing faul ts are rare or nonexistent,. Toi iographic 
and s t ruc tura l features are dis<'.u.s.sed from west, to east,. 

T h e long linear no r th - t r end ing Mounta in Home 
Range and Wah Wah Mounta ins and in tervening Pine 
Valley are broken up within and south of Ihe linea
ment into a series of .scattered hills with no clear ti-end 
and with no major valley s<>,parat-ing tluMU (lig. I A ) . 
Hov.ever, these hills form a block of ea.st-trending high 
ground Ihal is nearly continuous ^vi('h Ihe Blade Moun
ta ins and H i g h P la teaus to f.hc cast (fig. 1.4). Palco-
zoi<; r<K.'ks are expos<!d widely in the Mounta in H o m e 
Range and \\''ah "Wah Mounta ins nor lh of the linen-
mciit, Luit are expo.sed only sparsely south of i t ; this 
suggests tha t the nor the rn aroa is .structurally h igher 
than the southern area. Tay lo r and Powers (l!)5.'l) and 
H i n t z e (19(l.'i) mapped eas t -s t r ik ing faul ts in the 
mounta ins nor th of I n d i a n P e a k and north of the 
S t aa t s (Monarch ) minc-Blawn Moun ta in area. Land
sat imtiges clearl}' show large ea.st,-freiuling l inear fea
tures , prcsiiiiiably faults, just south of Inilitin ]'\vak and 
tli(>, S laa l s (.Monanjh) mine-151awn I\fomitain area. 

T h e .Shaimtie J fills and otlu'r hills f(.>rming th(i 
southern end of the .San Franc isco Moimta ins termi
nate ab rup t ly on Ihe nor lhern side of the l ineament 
(iig. 1.4). Paleozoic rocks a re widely (exposed in these 
areas. .Many eas t -s t r ik ing .fauRs are mayiped (Hin tze , 
1911.')) Ihi'oiigh t liese hills, and are considered l,)y Baer 
(19(12) to be younger than the faulis with nor ther ly 
I rends, even though younger( '^) uplift, of these hil ls 
seems to be more s t rongly inlluenced by nor th - s t r ik ing 
faults . " . 

:\ deep e.ist-I r end ing canyon altjug the lineiunent 
easi of .Mincrsx'ille sei)arates the low J5lack Mounta ins 
to ihe soulh frnm the high .Mineral Mounta ins to the 
nor lh . I 'he nor lhern edge of the lUack' •Niountains has 
an easterly trc'iid for o\-er 50 km. \ major nor th-
t r end ing fault zone, which te rminates the weslern side 
of the .Mineral .^fountains, ollscts th'e easterly t rend of 
ihe n o i i h r i n HIack ^founta ins a t '.Miners\'ille; the 
nor lhern Hank of the east(>,rn .Black ^Mountains is 6 1cm 
north of llic nor lhern Hank of t,he weslern Black i\foun-
taiiis. The southern p a r t of the Mineral i\founfains has 
a, general plunge to the .south, and Paleozoic and Meso
zoic rocks, al.)uiidaiit, to tlie nor th , are (;x])osed in only 
a few small areas in the no r the rnmos t I51ack Moun
tains. 'Pile southern Mineral iMoiintains and nor thern 
]51ack i\Iounlains are In-oken info scores of small block's 
l.iy the intersection of nor ther ly and easterly faults . 
Numerous eas t -s t r ik ing faults occur in tJie southern 

.Mineral Mounta ins and nor thern liliick Mountaiii; 
( l l i i i lze , 19(1;!; P . 1). Rowley, unpub . da ta , 1970). Thcj 
ai-e confined to an eas t - t rend ing zone t ha t extends fron 
about, 10 km nor th fo about G'km south of Minersvil le 

j'.V major eas t -s t r ik ing ,fault,?;Qne_(l!l'li'iii_1057_; Hint'zc 
19(1:1) pass(;s Ihroiigh tlieJV[jncra1 Mounta ins about 1( 
kill nor th of iN[iii(\i:syille,-at_Jihc_nortliorn side of tlx 

J l ineament. T h e area nor th of the faul t zone has bcoi 
uplifted more than ;J50 in ( E a r l l , 1957, p . 07) relative 
to the southern, side. T h e huge , young Minera l Moun 
fains b;itliolith is on tho nor the rn side of . the faul t zone 
A t least .some ea.st-sf.riking faul ts , as in the Esca lanb 
De.sert nor th of fhe western Black MO)intains, a n 
clearly Q u a t e r n a r y (fig. 3 ) . A swarm of north-str ikinj . 
faults, ex tending eastwaixl in the valley bctwoei 
Minersvil le Reservoir and Bciiver, arc also Qua tc rna r} 
{.]'. . ] . .\nder.son nnd P . 1). Rovvley, unpub . da ta , 1976) 

The l ineament cros.ses the Wasa tch F r o n t neai 
Beavei- and passes a long the southern edge of tht 
T u s h a r IMounfains, which range in a l t i tude from 300C, 
to iiioi-e than 3400 meters, and a long the nor the rn edge 
of the low(u- Mark-agunt P la teau , whioh ranges in alti
tude from 2100 to 2000 rn. T h e T u s h a r Mounta ins are 
nnich higher s t ruc tura l ly t h a n ' t h e M a r k a g u n t P l a t e a u ; 
.Mesozoic rocks are exi).)sed ih the former but not the 
lat ter area. T h e al,iru])t .south-facing scarp between the 
southern Tii.shar Mounta ins and no r the rn M a r k a g u n t 
Plateau (a t the; southern side of the l ineament) prob
ably was not caused by eas t -s t r ik ing faults . F o r the 
T u s h a r Mounta ins , however', vertical offset along 
nor ther ly s t r i k ing faul ts cer tainly was mucli grea ter 
and the type of faul t ing was different; hors ts and 
grabens (liaracferize tlic nor the rn M a r k a g u n t P la teau , 
but a single g ian t hor.st forin.^ the T u s h a r M'ountains. 
Inter.secling north-northcast- | and nor th-nor thwest -
s l r i k ing faults lU'odiice rhombic blocks a long the 
.south-facing inoiinfain f ron t ; ithcsc fire believed to rc-
(lect twis t ing duo to different'senses of t i l t ing between 
the M a r k a g u n t Plateau and T u s h a r Mounta ins ( P . D. 
Rowley ami ,7. ,J. Anderson, unpub . da ta , 1976), a long 
the Bine Ribbon l ineament. On the southern side of 
the l ineament, Anderson (1965, 1971) m a p p e d major 
eas t -s t r ik ing faults , about 24 m.y. old, t h a t controlled 
pa r t f)f fhe disti 'ibiition of rocks of the lower Miocene 
Buckskin Breccia and Bear Valley F o r m a t i o n . 

.N'ea.f its eastern end, the l ineament underl ies the 
1200-iii-deei) Kings ton Canyon, where an ca.st-flowing 
antecedent .stream crosses the Sevier P la teau . The 
.Se\'ier P la teau is s l ight ly h igher nor th of Kings ton 
Canyon than it is south of the 'canyon. T h e western end 
of the canyon is inci.sed in faul t blocks of the Sevier 
fault zone. T h e .Sevier fault zone, a long which the 
western side of the .Seviiu- Plaiteau is uplif ted, consists 
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?of en echelon faul is that, s t r ike norl ,h-northcast .soulh 
of the lillie Ribbon l ineament and norfh-northwest, 
north of the l ineament (Rowley , 1908). These two scifs 

' o | ' ' f a u l t s intersect and produce a rhombic patferii of 
fault blo<-,ks in the eastern Kingston Canyon region. :\ 
•similar, but m i r ro r image, zone of intersect ing faults 
cicvurs -1(1 km t,o the nor th ( P . 1). Rowley and .]'. J . 
.-Vndersnn, unpub . data , 1970) a t the eastern end of 
tlie canyon of Clear Creek and the nor thern edge of the 
I'ioche mineral belt and on the cast-t rending l ineament 
al, lat :iS°30' N. .Ivist west, of Clear 'Ci'eek, Crosliy 

' ( 1973 ) and C'ook and .Montgomery (1974) postulated 
r ight- la tera l oli'set of the AVasatch F r o n t along a hy-
polheiical e:isl-t rending transx'erse fauh,. 

Mineralized and hydrothermally altered areas 

Mineral ized and hydro the rma l ly al tered rocks are 
I'he major featur(!s in several areas nlong tho Blue 
Ril.>l)on l ineament in TIfah. F luor ine , urani iun , and 
l.uiigslen minerals a re the most innportant addi t ions. 
Many mineral occurrences along (he l ineament arc in 
he ) 'oungest rocks and conunonly occur near centers of 

:(4ali\ 'ely young alkali(.' I'liyolife. In I'.ontrast, mineral-
• zed and hydro the rma l ly al tered rocks are essential ly 
inkiiiiNvn south of the lineanuuit in the Black ]\Toun-
ains. .Nlarkagunt Pki teau . and Sevier IMatcau. The re 
s a good possibili ty that, adili t ional deposits of these 
ir other minerals may be present ;it shallow dcpt,h 
ilong the liiuMinent. 1'or this reason the dej^).osits and 
illercd roclc will be descrilxMl in detail . 

I liiliiiii. I't 'ok •mliiinij lli.•< l-r irt a n d •i:ic'm'7t:ij.—The In-
lian Peak min ing distri(.',t, (also called Wush ing ton 
District) iu the southern .Mountain H o m e Range (fig. 
i . l ) was a leading'pr(K!ucei' of Ihiorspar in southwest-
•rii I ' lali (4'liiirston ami others , 1954) but now is 
argely inact ive; u ran ium has also been repor ted in 
he distr ict . 'Phe Cougar S l i a r mine, is the main j)ro-
Iticer (Whe lan , 11)73). T h e ro<,'iks in the dis t r ic t consist 
argely of faulted and hydro the rmal ly idtered ash-flow 
utl' of the Oligocene Needles Range F o n n a t i o n (Bul -
oci<. 197(1). .Most, ( luoispar ocelli's as veins in and near 
)recc,ia zones (Thurs ton and ot,hers. 1954). T h e de-
losits may accompany or postdate rhyol i te or one or 
uore Te r t i a ry ])orphyri l ic [dutons t h a t have been 
napped in the area (Thui-ston and others , 1954; 

j:V\niv^, 1903; Bullock, 1976). 

St'iiit.i (i\[<marck) miiii '-Blatini It(oivntahi a rea .—The 
j t aa t s (.Monarch) mine and ]51awn Mounta in area, 
ilso known as the P ine Grove min ing dis tr ic t , in the 
iouthern AVah AVah Mounta ins (fig. L 4 ) , has been an 
n te rmi t l en t minor producer of fluorspar and les.ser 
.iraniiim and base metals for many years. F l u o r s p a r a t 
:he S taa t s (Monarch) mine occurs as lent icular shoots 

in the faulted, brecciated, and hydro the rma l ly altered 
contact between alkalic i 'hyolite and lower Paleozoic 
carbonates (Thur s ton and o the is , 1954; AVhelan, 1965, 
1973; Bullock, 1970). U r a n i u m (u ran in i t e , au tuni te , 
uranophai ie , and metaforlx^rnitc) occurs a s impregna
tions and coatings on fluorite (AVhelan,' 1965). A t 
lUawn Mounta in , AVhelan (1905) mapped, intensely 
hydro the rmal ly al tered rock (kaolini te , a lumite , silica) 
and minor mineral ized rock ( i r o n , ' u r a n i u m , fluorine) 
a t the contact between T e r t i a r y r h y o l i t e ' a n d lower 
Paleozoic c.arb<mates and quar tz i tes . Alun i te resources, 
]ierhaps related fo ancient hot .springs, rcccntiy have 
lieen discovered in and nor th of tho B l a w n Mounta in • 
area (AA'illiam AValker, E a r t h Sciences, Inc . , oral com
mun., 1976). Inten.soly hyd ro the rma l ly altered rocks 
oc<'ur about 15 km east-southeast of the S t aa t s (Mon
arch) mine (R. K. (.Tlanzman, oral commun,, 1976). 

Shaun t i e [Ji l ls .—All roclcs in the southern Shaun t i e 
Hi l l s (fig. 3) arc hydro the rmal ly altcrod and silicified 
fo soine degree, and the niost intensely al tered rocks 
are adjacent to p lugs of the rhyoli to of Dead H o r s e Re-, 
servoir, p r o m p t i n g Ericlreon and Dasch (19'63) to .sug-
gest t h a t at least some al tera t ion is duo to crnplaccment 
of the plugs. No detai led work has been done on the 
types and amounts of mineral ized and al tered rocks. 

Significant mineral ized and al tered rocks a re e.x
posed elsewhere in the S h a u n t i e Hi l l s and areas tb the 
north (H in t ze and AAHiclan, 1973). F o r example , 7 km 
north of the rhyoli te of Dead I lo r sc Reservoir , S t r ing 
ham (1903) ma])ped an 11- by 2-km cas t - t rending belt 
of mineralized rocks (sulfur related to former hot-
sp r ing act ivi ty, u ran ium minerals , nnd hemat i te ) and 
hydro the rmal ly altered rocks (mostly alunite , kaolin
ite, and s i l ica) . U n d a t e d rhyol i te plugs occur nor th of 
the belt ( S t r i n g h a m , 1963, pi . 4 ; Er ickson, 1973; P . L.' 
AVillianis, oral commun., 1976) and may have produced 
some of fhe mineral ized and altered rocks ; mineral iza
tion postdates rock of t h e 24- to 21-m.y.-old C^uiehapa 
Group . \ • ,. 

N o r t h e r n Black Mounta ins and ,soii,thern Minera l 
]\foiinfain,.i.-—Ivocnl areas of intense hydro the rmal ly 
altered rocks occur a long tho no r the rn edge of t h e 
Black Mounta ins (Er ickson and Da.sch, 1963,1968) bu t 
few introduced metals other than minor iron have been 
I'ocorded. Tho .larloosc min ing dis t r ic t (Er ickson and 
Dnscli, 1968), several ki lometers southeast |Of Miners
ville, has several mines, bu t t h e t ype of mineral doposit 
is not known and ap p a ren t l y no ore was produced. T h e 
area is broadly hydro the rma l ly al tered a t arid ou tward 
from Black Mounta in , which is under la in , by a Ter 
t ia ry daci t ic plug- P robab ly th is p lug was a main vent 
for lava flows and volcanic mudflow breccia of the 
Mount Du t ton Foianat ion in this area, and tho vent 
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.•ire.a likely was ihe soiirci- of altered ami sparsely min-
eralizecl rocks. 

Most rocks near Minersville are minorali'zed and 
hydi'otlieinially alterei! to some degree, and, as its 
name, suggests, the town was a, mining ciuiter dni'ing 
its early days. Copper staining is visible in rw.ks.ex
posed below a dissected pediment aliout 1 km northeast 
of Miners\ille. Ijincoln mining district, in the southern 
Mineral i\b)un(,;iiiis about 5 km north of IMinersville, 
jiroduced mostly lead, silver, and zinc. Bradshaw dis
trict, S km north of Minersville, [)ro(ln('ed tungsten, 
gold, silver, and lead. Granite district, about 13 km 
northeast of Minersville and continuing farther nort.h 
.along the (^astern side of the Mineral Mountains, Jiro-
duced mostly tungsten (Hobbs, 1945; Earll, 1957); the 

"i)erylliuim mineral helvite was discovered in this dis
trict, by .Sainsbury (1902). Minor fluorspar also occui-s 
in Ihe Br.adshaw and Granite districts (Bullock, 197G). 
Most minerals north of Minersville are contnct-mcta-
mor|>hic and fissure-vein deposits that formed during 
intriisi<ui of the young Mineral Mountains batholith. 

SoiUht'ni, 7'u-'ihar ./l/oiinta.hts and vicinity.-—M:\nQ.Yi7\-
ized and hydi-othcrinally altered rocks occur in most 
ot the Tushar iNlountains, including the southern end. 
One of these, in the southern Birch Creek Mountain 
area, was mentioned by Anderson and Rowley (1975, 
p. 28) ; il consists of intense hydrothermally altered 
rock, including silicified sandstone, in a, north-north
west-I rending zone, al, least -\ Icfii long, and it ]iostdates 
rocks of the .Mount Diittou'Eormation. On the south
ern side of the. Blue Riblxui lineament, cinnabar de-
jjosits. silicified rock, argillic altered rock, fluorspar, 
and otlun- minerals have been reported (Doelling, 1975, 
p. 139-1-13) on tho northwestern side of the Spry 
pluton. 

Iiastcrn Kingston. Cnnyon amd, vicinity.—Kingston 
C'anyori, cut, in the southern .Scvicr Plateau, contains 
scattered patches of intense hydrotliermally .altered 
rrK;ks, at least some of which are asscKuafed wdth rhyo
lite jdiigs (Rowley, 1908). .Antimony and ar.scnic hti\c, 
been mined east of t,be town of Ant.imony (Doelling, 
1975). 

BLUE RIBBON LINEAMENT IN NEVADA 

Because of our laclc of firsthand knowdcdge of the 
geology of eastern Nevada and because of the absence 
of a detailed aeromagnetic map of this region, tho 
extension of the Blue Ribbon lineament into Nevada is 
more speculative, nnd the discussion brief. At 113°.30' 
AA'., in Ut,ah, the southern branch of tlic Piocho mag
netic ridge crosses the Blue Ribbon lineament niul 
extends we.<^t-southwesterly into Nevada, where it 
terminates at the north-trending "quiet" magnetic zone 
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(iMiton, 1!)76; Stewart and others, 1977; Eaton, unpu 
ilata, 1970) and at, the western end of tho Delama 
Iron Sprin;.^ mineral belt of Shawo and Stowa 
(1970). I 

The northern branch of the aeromagnetic c.xpre.ssic 
of the Pioche minernl bolt (fig. 1), as shown on tl 
geiiernlized neromagnetic map of Stewart, Moore, ar 
Zietz (1977, fig. 5), extends westward into Nevada i 
far as 115° AV., where it tornnnatcs at tho quiet zon 
The Blue Ribbon lineament coincides with the crest i 
this northern branch and is centered at about 38°10' ] 
A large ea.st-trending magnetic high at 38° 10' N. u 
derlies flic AA'̂ hite Iiock Mountains an(I_Wilson Cre< 
.Mountains. The crest of this high, in the Wilson Crci 
Mountains, is overlain by a 1 largo area of rliyoli 
(Stewart nnd Cnrlson, 1975) ; the area has not bci 
maivped in detail, but Tschanz and Pami^eyan (197* 
noted tliat glas.sy flows and significJint reserves of pc 
lite occur there, near the Hollinger mine. The ma 
netic high may reflect a pluton at depth. 

Tlio lineament pas-scs through the southern edge 
the next two ranges to the west, the Fairview and t! 
Schell Crock; the nrca is underlain by a circular ma 
netic high, and rhyolites and east-striking faults a 
known nt the surface (Tschanz and Pampeyan, 197 
.Stewart and Carlson, 1974). The largest exposures 
rhyolite aro in the southern Fairview Range; here t 
rhyolito is descril^cd as perlitic pltchstone (Westgo 
and Knopf, 1932, p. 32) anti is tho site of one 
Nevada's largest perlite miries (Tschanz and Pai 
peynn, 1970. A Tertinry granodiorite pluton is mapp 
in tlio southcr-n Schell Creek Range (Tschanz a 
Pampeyan, 1970). i , 

The north-trending magnetic quiet zone is just wi 
of those ranges, from aknit 1115° to 116° W. and 
exiiicssion of the lineamentjcan be seen on the gn 
aeromagnetic maps available'. Even though aeromj 
netic expression is not evident, tho geology at I 
surface suggests that tbe lineament passes through t 
cpiiet zone Thus largo rhyolitic intrusive and extrus 
DDisses underlie tho Quinn 'Canyon Range at abc 
38° N. (Stownrt and Carlson, 1974), and, from ; 
to 38°25' N.; the range is dotted by numerous mi: 
which have jiroduced fluorine, uranium, and tiu 
stein and which contain occurrences of beryllium (L 
Geological .Survey, Nevada \Bureau of Mines, 19' 
ShaAvo, 1960; Snin.sbury and Kleinhampl, 19 
Tschanz aiid Pampeyan, 197()). Just west of the Qu 
Cnnyon Range, at 38°10' N.i is the castei-n ond of 
AVnrrn Springs lineament of Ekmcn and others (197 
hero the 'AA''arm S]u-ings lineament e.xhibits intcrr 
tions of aeromagnetic nnomnlies (U.S. Geological S 
vey, 1968). ' ' '' 

file:///Bureau


UdWI.EV A.NM> (rrilEUS 189 

CONCLUSIONS 

.-Ut hough the genesis of eas t - t rending mineralized 
' •s i ruciural belts in the eastern Grea t Basin is poorly 

known, il is possible to d raw a modest se.t of conclu
sions from t h e observat ions on the IMue .Ribbon linea-
n)ent. T h e l ineament is a fault zone, as indicated by 
alincmenl, of topograph ic features, a l inement wit,h 
ae romagne t ic contours, and coincidence with major 
h igh-angle faults. A l though at least some major faults 
of the A\'arm .Springs l ineament have str ike-sl ip inove
ment (I'lkren and others , 1970), only dip-sl ip move
ment is known for majiu' faul ts a long tho Utah por
tion of the Blue Ribbon l ineament. 'Phe lower topog
raphy and st,riu.-,lure, south of Ihe l ineainent indicates 
iha t I 'umulative throw is down' to l,he s o u t h : ' J l a j o r 
post bas in-range t r anscur ren t inovement is not indi
cated a long the lineanuuit in U t a h bocaus*.; the basins 
and ranges and related s t ructures are not known f,o be 
oll'sel laleiTIlly. .Strike-slip movement a long the linea
ment might have occurred pr ior to about 20 m.y. ago, 
l iowe\er . .Alternately, the I d u e Ribl)on l ineament in 
I'l ah may be an incijiient s tr ike-sl ip fault . Th i s is 
suggested by a general s imi lar i ty between the faul t 
j ia t terns along the Blue Ribl,>on lineainent and t,hoso 
Hiedcl shear ])atteriis of ' 'peak s t ruc tu re ' ' illusfrafed 
l,>y 'Pchalenko (1970, fig. 9 ) . East- .s tr iking faults of tho 
nine Ribfxui lineament, are rare east of the AVasatch 
l-"roiit. ind ica t ing t ha t the faul t .system dies out 
cast ward. •"' 

T h e ago of the l ineainent is iinknotvn, bu t igneous 
and (or) hydro the rma l act ivi ty a long the l inoament 
starte(i 20 m.y. ago or earl ier and continued to at 
least as late as 7 m.y. ago, as indicated by nc\.' K - A r 
ages of rhyolites, and probal)ly to as--young as LIolo-
cciie, as suggested by tlic lu'csence of past and present 
liot spr ings . T h u s il has been a persis tent geologic 
feature. Fu r the rmore , it is general ly coincident with 
extensional r i f t ing of the (lastern Grea t Basin. Rhyq-
iite and liasalt a long t,lie l ineainent, for example , are 
ioir<4aled wiih Anderson and Rowley 's (1975) up]ioi' 
T e r t i a i y and (.Quaternary st^quence (20 m.y. to ]n 'escnt) , 
which is general ly synchronous with bas in- range de
velopment, in this part of U t a h (Rowdcy and others , 
1977) and with young extensional tectonics in the 
westiun I 'n i led Statics (Chr i s t iansen and L i p m a n , 
1972). Some features on the lineainent, however, belong 
to the middle T e r t i a r y sequence (Anderson and Row--
h'V. 1975). and still o thers may date to early T e r t i a r y 
or older. 

The lineament fraciure sysfein extends 1,0 a depth 
whei'e par t ia l mel t ing and fract ionat ion of t,he rhyo
lite iiia^ma occurred. .-Vs the magma rose alonrr Ihe 

fracture syslem nnd the pressure decreased, metal-
laden hydrolher innl fluids wore released.. T h u s the 
l ineament should .serve as a guide to minera l explora
tion because it, mark's the locus of a f racture system 
tha t cont rolled t he migra t ion of 'mineralizing solutions. 

'Phe larger mechanism of control o f ' s u c h faul ts is 
oju'if to (picstion, but .Stewart, Moore, aiid Zietz (1977) 
hy])o(hesized t ha t eas t - t rending features may be due-
to ea.sf-trending warps in fhe subduc t ing mant le p la te , 
nnd credited nue of us ( L i p m a n ) with p re l iminary 
suggestion of the idea. , \ no the r possible explanat ion 
is t h a t the Blue linenmont was or is p a r t of an 
intrncont inent nl t rnnsform faul t , which' ex tends from 
a zone of clear .strike-slip fau l t ing (AVarm S p r i n g s 
l ineament) ensfward along str ike to tho fo re runn ing 
fracture zone and from there to die out in the Co lo rado 
Plnteaus lU'ovince Tho K - A r ages of rhyol i tes sug
gest thn t nt least some pa r t s of the , faul t system 
are younger ea.stward, in keeping wi th recent ideas 
on the eas tward expansion of tho eastern G r e a t Basin 
(Best and Hninbl in , 1977) T h e Blue Ribbon linoa
ment is parallel with the general wor ldwide pa t t e rn 
of t ransform faul ts (Moore, 1973). A t r i g h t angles 
to the l ineament, classical nor ther ly t r end ing basin-
range faults of t h t same ago ns tho l ineament occur 
in the exiension direction, analogous to the t rend in 
tho extension direct ion of sp read ing lines in an ocean 
basin nnd rif ts on a cont inent whero they are paral le l 
to nnd nbove the ty])ical (Moore, 1973) nor th- t rend ing 
sin-eading ocean r i d g e Both hypotheses need consid
erable fu r ther tes t ing, however, and resolution of the 
genesis of eas t - t rending features in tho Grea t Bas in 
iinust awai t now studies. ' 
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Oligocene and Miocene metamorphism, folding, 
and low-angle faulting in northwestern Utah 

F*u./fa 

ROBERT R. COMPTON Department of Geology, Stanford University, Stanford, CaUfornia 94305 
VICTORIA R. TODD U.S. Geological Survey, Menlo Park, California 94025 

l u l m L s ^ ^ ^ N S s E R } ^ • ^ • C ' ° ' ° S i c a l Survey. Denver, Colorado 80225 

ABSTRACT 

An area of 3,000 knf in and around the Grouse Creek Moun
tains and the Raft River Mountains exposes Precambrian 
Paleozoic, and Triassic sedimentary rocks that were folded several 
rimes and displaced tens of kilometres on low-angle faults. Over
turned folds and local imbricarions indicate transport westward 
and northward during two episodes of metamorphic deformarion 
and transport eastward after metamorphism. Metamorphic grade 
increases downward in the allochthonous sheets and autochthon 
and increases wesrward in the autochthon. Mineral 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 daring of graniric plutons affected by 
the deformations indicates that (1) the area is underlain by adamel
lite, about 2.5 b.y. old, in which deformation decreased pro
gressively downward; (2) the first metamorphic deformarion prob
ably ended before 38.2 ± 2.0 m.y. ago; and (3) the second 
metamorphic deformarion was srill undenvay 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 allochthonous sheets measuring at 
least 11 by 19 km. Two Rb-Sr mineral isochrons and several 
fissionrtrack ages indicate that some parts ofthe area cooled below 
400,'C only 10 m.y. ago. 

INTRODUCTION 

The area studied is one of many in the region that expose low-
angle faults of Mesozoic or Ternary age; it is also one of about 20 
localities where metamorphism and deformarion were partly con
current (Fig. 1). The map shows the great extent of these features 
but also presents a problem in interprering them. The localities west 
ofthe 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 too complex to be 
connected reliably across the'broad intervening basins.'The belt of 
upthrusts, which is exposed more conrinuously, 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 localiries to the west (Hose and Blake, 1976-
A. Snoke, 1974, oral commun.) Isotopic data from the westeni 
localiries suggest a wide range of igneous rock ages, few of which 
have been attached finnly to tectonic events. A major problem is 
that K-Ar ages have been variably reset by Cenozoic hearing. 
Nonetheless, the regional history has been interpreted by several 
pcRons (Misch, 1960; Roberts and others, 1965; Arrnstrong and 
Hansen, 1966; Armstrong, 1968b, 1972; Roberts, 1968; Hose and 

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 finnly 
dated: (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 rime; (2) metamorphism in the re
gion was concurrent with deformation during the early part of that 
period only; and (3) starring no later than middle Tertiary rime, the 
enrire region imderwent extension and consequent high-angle fault
ing, so that thrusring must have ceased. 

OREGON 

Figure 1- Tectonic features near area studied. Open circles = places 
where low-angle faults of Mesozoic or Tertiar)' age have been reported; 
solid circles = places where metamorphic rocks were involved in deforma
tion. 1, Ahlborn (1973); 2, Hazzard and Turner (1957), Misch and Haz
zard (1962); 3, Voung (1960); 4, Misch (1960), Hazzard and Turner 
(1957); 5, Howard (1966), Kistler and Willden (1969); 6, Armstrong 
(1968a); 7, Compton (1969, 1972); 8, Todd (1973); 9, Thorman (1970); 
10, Woodward (1967), OTVeiU (1969); 11 and 12, Anderson (1931); 13, 
Moores and others (1968); 14, Nelson (1966,1969), Nolan (1935); 15, Ol
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, CcbuU (1970); 27, Drewes 
(1967); 28, Tchanz and Pampeyan (1970); 29, Thorman (1970); 30, 
Oversby (1972); 31, Slack (1974); 32, Peace (1956). Thrust faults are 
from King (1969). 

GccJogical Society of America Bulletiiii y. 88, p. 1237-1250, 13 figs., September 1977, Doc no. 70903 
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The d.ites determined in this study therefore seemed surprising, 
as did the di reaions o f tectonic transport dur ing mctamorphisln. In 
brief, our data indicate that metamorphism and folding in tfie 
Grouse Creek -Kah River area were going on as recently as 20 m!y .̂ 
3~go, that metamorphic f low and l ow-ang le jan l rmg wrrp mainly 

no r thward and westward rather than eastward, that sof"^ 
allochthonous sheets traveled 30 km_ea.stw'ard after mctamorph-
ism, and~that al lochthonousslTeetrwere cmpl3ceJTocallv_o£to 
l l - m . y . - o l d sedimentary and volcaniciastic rocks. We present our 
age data here and briefly describe structural relarions. Geologic 
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maps and many lithologic and structural details arc available 
(Compton, 1972, 1975; Todd, 1973). 

ROCK UNITS AND LOW-ANGLE FAULTS 

The Raft River Mountains expose two major allochthonous 
sheets that lie one above the other on an autochthon consisting 
mainly of Precambrian rocks. The Grouse Creek Mountains are 
similariy composed but include a third, sail higher sheet along their 
western flank (Fig. 2). The Madin Mountains and other low hills 
east of the Grouse 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 immetamorphosed 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 localiries in 
the Grouse Creek Mountains (Fig. 2). Fossils colleaed by Stanford 
field students at one ofthe laner 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 Rah River Moun
tains formed as a doubly plunging east-trending anricline in 
Pliocene rime 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 that they can be projected confidently over most of 
the mapped area. 

Although folded in detail, the allochthonous sheets and au
tochthon are rudely strarified and were more or less horizontal be
fore the mountain ranges formed. Figure 3 shows their total strati
graphic succession as well as the typical positions of the principal 
low-angle faults. Recumbent folding locally inverted the sequence, 
and low-angle faulting anenuated it and locally repeated it, but 
most ofthe 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 flanened grains and schistose fabrics that generally he 
parallel to the subhorizontal layers. This effect varied "considerably 
from place to place and is locally extreme: along the eastem flank 
ofthe central Grouse Creek Mountains and the adjoining southem 
flank of the Raft River Mountains, the total thickness of all units 
between the basal adamellite and the Fish Haven (?) 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 nonh 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 a 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 ofthe 
middle sheet. The middle sheet is also subdivided by subsidiary 
low-angle faults that produced similar but less extreme effeas. 

The fault at the base of the lower sheet locally rises from the 
schist of Stevens Spring to the schist of Mahogany Peaks or the 
marble ofthe Pogonip Group. The lower allochthonous sheet is cut 
out enrirely in pan of the eastem Raft River Mountains, where the 

Oquirrh Formarion 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 southem end of the Grouse Creek 
Mountains, which may not be continuous with folds to the north. 

Axes of the second set of metamorphic folds trend 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 parts 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 overturned. The largest are recumbent and measure 
0.5 to 1.5 km from anticlinal 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 ofthe 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 5 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 elongated pebbles, triaxial quartz 
and calcite grains, prismatic kyanite and hornblende grains, elon
gated mica plates, and open-space fillings (typically calcite) on two 
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 westem 
Raft River Mountains are probably ofthe 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 
middle low-angle fault and subsidiary low-angle faults in the lower 
sheet. 

Recumbent north-trending folds in the middle allochthonous 
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 overturned 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 overturned to the east. None have 
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Flih Haven Dolomite. Metamorphosed, chiefly 

5ray, laminated, but locally tan and massive. 

(Black Hi l ls ) 

Eurel<a Quartilte. Metaquartzl te, white, nearly 
all quartz, a few percent muscovite. ( IXjvn C r e e k ) 

Pogonip Group. Metamorphosed limestone, chiefly 
argillaceous, sandy, locally dolomitized; thin 
sandstone and shale subunits. ( S o u t h o f Y o e t ) 

Schist of Mahogany Peak. Metaciays tone, mafic, 
unbedded. (Southaeot o f Hoot) 

Quartzite of Clarks Basin. Metaquartzlte, gray, 
tan, white; distinctly flaggy, muscovitic. 
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Schist of Stevens Spring. Metashale, graphitic, 
with large lenses of metadiabase, hornblende 
schist, and metamorphosed silicic tuffs and 
minor Intrusions, ( no r th o f Muddy Canyon) 

Quartzlte of Yost. Metaquartzlte, white to green, 
thin-bedded, muscovitic. (Sou th ,o f Yont) 

Schist of Upper Narrows. Metamorphosed shale and 
siltstone, biotitic, graphitic, with granitic seg
regations; rhyolitic metatuff and sandstone locally 
near top. 

PRECAMBRIAN 

Elba Quartzlte. Mainly white metaquartzIte , commonly 
cross-bedded, locally green, with pebble beds; 
subunits of laminated metas11tstone, mica schist 
(metatuff?), greenschist (metabasalt), and hematitic 
schist. 

UNCONFORMITY 
Older schist. Metamorphosed shale, slItstone , 
pebbly mudstone, sandstone; abundant metabasaltic, 
rocks and metadiabase. ( t lor theaet Raf t R iver MtB.) 

AdamelIIte. 
schist. 

Mainly gneissose, grading upward to 
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FIows. Basa l t , r h y o l i t e . 

-UNCONFORMITY 

Unnamed sedimentary and v o l c a n i c i a s t i c rocks . Fanglomerates 

and tu f faceous sandstones and s i l t s t o n e s ; t u f f s ; minor 

l a c u s t r i n e l imes tone . 

^UNCONFORMITY 

Thaynes Format ion. Limestone and sandstone, f o s s i l i f e r o u s . 

Gerster Format ion, Interbedded medium-gray, s l l t y - s a n d y 

d o l o m i t i c l imestone and dark brown c h e r t ! b rach lopod - r I ch 

l imestone; p l a t y ca lcareous f i n e - g r a i n e d sandstone. (Terrace Mountain) 

-LOW-ANGLE FAULT 

Unnamed do lomi te and sandstone. Do lomi t i c sandy l imestone; che r t y 

do lom i te ; calcareous sandstone, ( M a t l i n H t t . ) 

Unnamed I Imestone. C h i e f l y s l l t y - s a n d y l imestone and ca lcareous 

sandstone, cross-bedded; I r r e g u l a r c h e r t b o d i e s ; a l g a l , bryozoan 

beds; Interbedded do lomi te and c h e r t . ( M a t l i n Mte . ) 
Oqui r rh Group. 

L i g h t - w e a t h e r i n g , ca lcareous s i l t y sandstone, th in -bedded : 

d o l o m i t i c , c h e r t y ; f o s s i l i f e r o u s l imes tone , r h y t h m i c a l l y bedded 

sandy l imestone and c h e r t . ( f . f j t l i n A,*fa. 1 

Metamorphosed che r t y and sandy I Imestone; Interbedded 

calcareous sandstone and pebble conglomerate; th in-bedded 

sandy l imestone. (Bovine t-tountain) 

^Chalnman-DIamond Peak Format ions. Black p h y l l i t e and p y r i t i c 

metas11tstone; minor Impure marble and tan m e t a q u a r t z l t e ; upper 

part c h e r t , q u a r t z i t e - p e b b l e metaeonglomerate. (Upper Roeetud Cmyon) 

^ u l l m e t t e Format ion. Metamorphosed f o s s i l i f e r o u s l imes tone . 

Simonson Dolomi te . Metamorphosed l i g h t - c o l o r e d do lom i t e . 

Laketown Dolomi te . 

Figure 3. Sequence of rock units in area studied. N o t shown are Tert iary granit ic rocks, which intruded units as young as Permian. Note that scale on 
right-hand column is one-tendi that on left. 

LOWER PERMIAN 

PENNSYLVANIAN 

MISSISSIPPIAK, 
DEVONIAN-
SILURIAN- / 

LOWER ALLOCHTHONOUS SHEET 
(ORDOVICIAN, CAHBmAN(?), 
AND PRECAMBBIAN(?)) 

Ill I II |_ III l_̂  I g g ^ ^^^^^^^^:^:^r^^'^'rri::,-''-.::'V:,-.^'.-,yi-'.'i.i--,-':,\.:--.'rr-:.-^^^^^^^^ 

''•j^;i'^i';v'i''S<?;j?y..'!^^"4h?,^^ 

Figure 4. Partly reconstructed north-south vertical section from west end of Raft River Mountains to south end of Grouse Creek Mounta ins, at natural 
scale, showing stratigraphic composition of middle allochthonous sheet. Lower sheet and units in autochthon are shown vi rn ia l ly as they are now, but units 
in middle sheet south of Rosebud Canyon have been reconstructed f rom greatly folded and faulted fragments. 



MUTAMOKI'HISM. FOLDING. AND FAULTING IN UTAH 1241 

wavelengths of more than 1 m, and all iiciui between N30"W and 
N30°E. 

METAMORPHIC VARIATIONS 

Venical and lateral variations in metamorphic grade due to tem
perature differences help greatly in interpreting the deformations. 
The general vertical variarions are as follows: (1) the upper 
allochthonous sheet is not metamorphosed; (2) the middle sheet is 
not metamorphosed in some places, but in others shows an increas
ing degree of low-grade metamorphism downward; and (3) the 
lower sheet and the autochthon are metamorphosed, with metamor
phic grades generally increasing downward. Table 1 lists the prin
cipal mineral assemblages for the highest gr.ide part of each unit. 
Because parts ofthe sheets were displaced after metamorphism, the 
tabulated section is a reconstructed metamorphic sequence for the 
most heated part of the area at the peak o.f prograde metamor
phism. Textures indicate that the minerals in each assemblage 
coexisted at that time, whether or not true equilibria were attained. 
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 variarions 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 eastem 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 R IVER MOUNTA INS 

Rock unit Original rock Metamorphic minerals 

Oquirrh Formation 

Diamond Peak 
Formation 

Fish Haven(?) 
Dolomile 

Eureka(?) Quartzite 
Pogonip Group 

Schist of Mahogany 
Peaks 

Quartzite of Clarks 
Basin 

Schist of Stevens 
Spring 

Schist of 
Upper Narrows 

Elba Quartzite 

Older Precambrian 
units 

Silty 
limestone 
Shale 

Dolomite 

Sandstone 
Sandy, clayey 
limestone 

Mafic shale 

Feldspathic 
sandstone 

Shale 

Basalt 
Granite 
porphyry 

Shale 
'•.'; 

Feldspathic • 
sandstone 
Adamellite 

Gabbro 

Shale 

Calcite, dolomite, quartz, colorless 
mica, relict detrital feldspars 

Colorless mica, quartz, biotite, 
chloritoid, graphite 

Dolomite, quartz, colorless mica, 
tremolite, relict K-feldspar 

Quartz, colorless mica 
Calcite, dolomite, zoisite, calcic 

plagioclase, colorless mica, 
biotite, quartz 

Colorless mica, staurolite, garnet, 
biotite, quartz 

Quartz, colorless mica, kyanite, 
chloritoid (locally biotite and 
garnet) 

Colorless mica, quartz, biotite, 
garnet, oligoclase, graphite 

Green hornblende, plagioclase 
Quartz, K-feldspar, oligoclase, 

colorless mica, biotite 
Biotite, colorless mica, quartz, 

K-feldspar, oligoclase 
Quartz, colorless mica, biotite, 

K-feldspar, plagioclase 
Oligoclase, orthoclase, quartz, 

biotite 
Green hornblende, intermediate 

plagioclase, garnet, quartz 
Biotite, quartz, oligoclase, garnet 

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

but in the west the amphibolite consists of hornblende, inter-
incdi,-!!!' pl.-igiocl.ise, and garnet and in the east of finer grained 
hornblende, epidote, albite, and chlorite. The Precambrian 
.nd:nncllitc, which has been studied more extensively, has the pro-
pr.-ide .nsscmblagc listed in Table 1 in the Grouse Creek Mountains, 
and it has the assemblage microcline-quartz-albite-white mica-
epidotc-biotite throughout the east half of the Raft River Moun
tains. The adamellite is distincdy gneissose in the Grouse Creek 
Mountains, with few igneous textural relics, but changes gradually 
eastward to less foliated varieries with many igneous textural relics. 

Lateral changes of the Elba Quartzite have been studied in 130 
thin sections. Where the rock shows its highest grade assemblage, 
in the central part of the Grouse Creek Mountains, quartz grains 
are nearly equant polyhedra, and white mica and biotite form dis
tinct plates. Toward the east, biorite disappears, quartz grains are 
more fl.-ittcned 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-
grow'ths. Quartz grains also show an increasing amount of post
crystallization strain toward the eastem part of the area. 

In the schist immediately above the Elba Quartzite, biorite is 
coarser (0.2 to 0.7 mm) in the western part of the area than in the 
eastem part (where it is 0.01 to 0.05 mm), and the degree of granu-
larion during recr)'stallization 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-quartz and 
albite-quartz-biotite-epidote, which contrast with the westem 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 

Note: Minerals listed in order of decreasing abundance. 

Figure 5. Locations of highest grade pans of autochthon (horizontal J 
lines) and of lower allochthonous sheet (vertical lines). Dots show where 
Oquirrh Formation of middle sheet is metamorphosed. Tertiary plutons 
show in black. Outcrop is same as that of Figure 2. 
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contains high-grade minerals (Table 1) but changes to the south
west and to the east. White mica is the only new metamorphic min
eral in marble of intermediate grade, and the lowest grade rocks, 
near the cast end of the Raft River Mountains, oontnin nbiind.nnt 
relics of sedimentary grains, including shredded white mica. An 
important exception is a high-grade oudicr at Bald Knoll (Fig. 5). 
Variarions in other Cambrian(?) and Ordovician units are consis
tent; the schist of Mahogany Peaks loses its large staurolite and 
garnet grains to the south, east, and west, .ind white mica grains in 
the Eureka(?) Quartzite and Fish Haven(?) Dolomite become small
er in the same directions, again except for the oudier at Bald Knoll. 

The Mississippian rocks ofthe middle sheet arc metamorphosed 
everywhere, but the Oquirrh Formation is metamorphosed only 
locally (Fig. 5). Gradations within the Oquirrh from metamor
phosed to unmetamorphosed rocks are well exposed in the central 
and southem Grouse Creek Mountains. 

In view of the systematic variarions 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 5 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 Oquirrh of the middle 
sheet lies on low-grade rocks of the lower sheet along the north side 
of the Rah River Moimtains and in the central Grouse Creek 
Mountains. Unmetamorphosed Oquirrh rpcks lie directly on the 
most metamorphosed part of the lower sheet, and, near Vipont 
Mountain, they lie only 100 m, verrically, from the highest grade 
rocks of the autochthon. These relarions indicate major low-angle 
faulting after metamorphism or late in metamorphism. u ith a laree 
resultant transport from west to east. The isolated occurrence of 

mic.i, and Fc-poor epidote. Metamorphism deformed and recrys
taliized quartz, recrystaliized biotite into scaly aggregates, recrys
taliized single sphene grains into aggregates, and formed epidote in 
the foliated parts ofthe rock. Small amounts of postmetamorphic 
alteration are shown everywhere by minute cracks filled with very 
fine grained Fe-smectite(?). 

The analytical data are plotted on a Rb-Sr diagram ih Figure 6. 
The samples define only a poor linear array, and a least-squares re-
gres.sion line yields an age of 2,180 ± 190 m.y. The high*'Si**Sr 
intercept (0.764) may reflect either a later disturbance of the tock 
chemistry or a crustal contribution to the initial strontium in the 
magma. We cannot distinguish uniquely between 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 alteration 
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 ofthe 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 ± values 
are Ijy and V = 6.85 X 10"" 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. 

higher grade rocks in the lower sheet at Bald Knoll also indicates potassium feldspar, biotite, calcite, and colorless mica was col-
separate movement of a subsidiarj' part of the lower sheet. Separate lected 30 m above the base of the lower allochthonous sheet, at the 
movementsofsubsidiar)'sheets are also suggested by metamorphic northwest edge of the Black Hills (lal 41 '50 '18"N, long 
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 Mouritains 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) ofthe Albion Range show that similar rock ex
tends at least 38 km northward from the westem pan of our area. 

113'33'31"W). The apatite has a very low uranium 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 temperatures are 
sustained for geologically significant penods— 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 p a n of the range 
have strongly preferred crystallographic fabrics that are coaxial 

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 contart with the older schist and extending 4 km 
southwest. Throughout the east half of the Raft River Mountains 
the rock is typically homogeneous and neariy granular, with a weak 
metamorphic foliarion and linearion. 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 dominandy hypidiomorphic granular, with 
plagioclase distinctly subhedral although altered to albite, white 
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Canyon, Raft River Mountains. Data are listed in Table 2. 
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with large recumbent folds ofthe second metamorphic set, and they 
also show abundant features produced by postcrystallization 
strain. Evidently, the east-west-trending ft)lds wci:c still forming in 
Miocene time, and the close similarit)' 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 ver>' approximate and because 
the sample is from an allochthonous sheet that probably moved 
many kilometres after metamorphism. The data show, nonetheless, 
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 rwo autochthonous rocks of the 
Raft River Mountains. A sample of Precambrian adamellite from 
Clear Creek Canyon, about 2.5 km southwest of our CC-1, gave an 
age of 57 + 8/—3 m.y., and a sample of older schist (possibly schis
tose adamellite) from Big Hollow, 5 km east of the Black Hills, gave 
an age of 38 -F 6 / - 2 m.y. for one biotite split and an age of 41 -F 
6/—2 m.y. for a second split. 

Central Grouse Creek Mountains 

The contaa between the Precambrian adamellite and younger 
quarrzites 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 quartzite 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 autochthon into the lower allochthon
ous sheet at a low angle (Fig. 4). The youngest unit intruded by Pre
cambrian adamelhte is Cambrian(?) quartzite of Clarks Basin. 
Partly granirized, contorted schist inclusions are notably abundant 
in the upper part of the adamellite, suggesting that the missing sec-
rion was in part downfoldcd 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-

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 metamia zircon in the schists bears partial jackets 
of colorless birefringent zircon. 

Adamellite in the central Grouse Creek Mountains was folded 
twice during metamorphism. Recrystaliized mineral aggregates 
form two prominent lineations oriented parallel to the two fold 
sets. The earlier lineation (northeast to north-northwest-trending) 
consists of quartzofeldspathic rods, elongate biotite aggregates, and 
parallel crenulations 0.5 to 1 cm wide lying in the foliarion plane, in 
deeper lying exposures. Wavelengths of the crenulations and 
widths of the bnear mineral aggregates decrease upward; near the 
top ofthe range they are typically only a few millimetres wide. This 
decrease is part of an increase in deformation and recr>'stallization. 
In deeper lying rocks, the second (northwest to west-northwest) 
hnearion consists of subhedral biotite grains that cross the eadier 
coarser biotite aggregates and, in thin section, appear to have re-
cr>'stallized from them. In the reconstituted upper shell of the 
adamellite and in rocks surrounding the rwo small Tertiar)' 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 crenulation, 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 

TABLE 2. Rb-Sr ISOCHRON AGES OF WHOLE-ROCKS FROM PRECAMBRL\N ADAMELLITE, NORTHWESTERN UTAH 

Sample 
no. 

Clear Creek Canyon 
CC-1 
CC-2 
CC-3 
CC-5 
CC-6 

Lat 
(N) 

4r56'50" 
4r55'57" 
4r56'00" 
4 r 5 6 ' 3 r 
4 r56 '43 ' 

Central Grouse Creek Mountains 
9W-97-19A 
9W-97-19B 
9W-97-19Ct 
9W-97-21 
9W-97-26 
9W-97-28 
lOW-21-lAt 
10W-2MBt 
10W-21-4A 
10W-21-4B 
30W-23-1 
J0W-23-2A 
10W-23-2B 

* Calculated from 
\ a = 1.39 X 1 0 - " yi 

t Samples not inch 

least 
- 1 

ided 

4 r 4 i ' 2 r 
4 r 4 i ' 2 r 
4r41'21" 
41-41'32-
4r41'23" 
41°40'18-
4r45'10" 
4r45'10" 
4r45'03" 
41-45'03" 
4 r 43'36" 
41°43'33" 
41''43'33" 

Long 
(W) 

113°21'07'' 
113°22'49-
113°22'43" 
n3'>22'02" 
113-21'32" 

113°44'20" 
113°44'20" 
113"'44'20" 
113°44'23" 
113''41'22'' 
113''44'34" 
113''41'19" 
n3 ' ' 41 '19" 
n3°41 '10" 
n3°41 '10" 
113''42'04" 
n 3 ' 4 2 ' 2 3 " 
113°42'23" 

-squares regression method of York (1966] 

in calculation of age. 

Rb 
(ppm) 

297.2 
275.4 
257.6 
271.1 
293.7 

83.4 
111.7 
240.9 
166.2 
101.5 
124.9 
184.7 
150.2 
126.7 
141.3 
129.8 
170.0 
123.4 

. See graphic 

Sr, 
(ppm) 

75.5 
110.7 

86.9 
80.3 
58.5 

144.2 
138.3 
152.4 

98.2 
148.2 
141.3 

77.3 
28.8 

109.3 
121.9 
109.2 
138.0 
136.7 

representation 

"Rb;8»Sr 

11.85 
7.40 
8.87 

10.12 
15.30 

1.684 
2.360 
4.629 
4.988 
1.998 
2.582 
6.990 

15.24 
3.396 
3.399 
2.488 
3.613 
2.638 

of these data 

"Sr/»=Sr 

1.113 
0.9908 
1.055 
1.077 
1.248 

0.7679 
0.7998 
0.8263 
0.8883 
0.7902 
0.8111 
0.8208 
0.8048 
0.8222 
0.8368 
0.8456 
0.8391 
0.8014 

in Figures 6 and 8. 

Age 
(m.y.)* 

2,180 ± 190 

2,510 + 170 

Decay constant 
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adamellite when the first folds and lineations formed, and (2) re
crystallization of minerals during the second folding reached a 
maximum in rocks adjacent to, and lying above, the Tertiary 
stocks. 

In the central part ofthe Grouse Creek Moimtains, 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 daring. 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 metasomatically altered gneiss and schist 
are from Muddy Canyon, where the intrusive-appearing contact of 
Precambrian adamellite with the Elba Quartzite is well exposed 
(Fig. 7). The samples are listed below by locality. 

Middle Canyon. Sample lOW-23-1 is medium-grained tonalite 
gneiss, !0W-23-2a is medium- to coarse-grained adamellite gneiss 
(the typical adamellite of the gneiss complex), and 10W-23-2b is 
medium-grained muscovitized granodion'te gneiss. 

Ingham Peak. Samples 9W-97-19a, b, and c were collected from 
a typical outcrop of interlayered adamellite and mafic gneiss from 
the highest peak of the central Grouse Creek Mountains. Sample 
9W-97-19c is from a thin gneissic granitic pegmatite layer in fine-to 
medium-grained adamellite gneiss, the rock of sample 9W-97-19b. 
Sample 9W-97-19A is fine- to medium-grained granodiorite gneiss 
from an adjoining mafic layer and was collected 10 cm 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 lOW-21-la and lb are phengite-
quartz schists collected adjacent to an inclusion of Elba Quartzite 
1.8 m below the contact between mobilized Precambrian adamel-

A 7 . 2 7 
B 1 5 . 2 4 
C 3 . 3 9 6 
D 3 . 3 9 9 

ELBA QUAKTZITE 

_ - • - " ; raJJSPATHIC A.\D mjSCOVITE-<}UARTZ 
• A - _ - — ; ' . . . _ . . SCHISTS '. 

_ i L i _ : H = : : = ~ L ~ l r •''•• - - • - ^ - • 

MCTAQUAXIZITl ^ ^ ' . i 

Figure 7. Diagrammatic section through upper part of Precambrian 
adamellite and Elba Quartzite in Muddy Canyon, showing gradation from 
gneiss to schist, interposition of schistose adameUite in quartzite, and 
isotope ratios detennined from samples from positions indicated. 

lite and Elba Quartzite. The inclusion consists of several thin beds, 
in all 10 cm thick, that lie parallel to the foliation of the schist. 
Sample lOW-21-lb was 0.6 m above the quartzite inclusion, and 
sample lOW-21-la 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 Quartzite and Precambrian adamellite. Sample 10W-21-4b is 
fine- to medium-grained muscovitized adamellite gneiss, and sam
ple 10W-21-4a is a 30-cm, concordant fine- to medium-grained 
leucoadamellite dike in 10W-2]-4b. This series of samples is repre
sentative ofthe border zone ofthe 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 ± 1 7 0 m.y. was obtained from our data, excluding the 
rwo schistose rocks ( l0W-2l - la and lb) associated with the 
metaquartzite in Muddy Canyon and the pegmatite (9W-97-19c) 
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*'Si**Sr 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-97-19c), which intrudes the adamellite gneiss, 
however, either has undergone exchange or possibly is slighdy 
younger. 

The only samples that have obviously undergone major chemical 
reconsritution are the phengite-quartz schists (lOW-21-la and lb) 
within the immediate border zone between 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 (lOW-
21-4a and 4b) from Muddy Canyon show lirtle disturbance of their 
Rb-Sr systems even though they have recr}'Stallized. The relations 
between the rheomorphic 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. Circles 
= Middle Canyon; squares = Ingham Peak; triangles = Muddy Canyon. 
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In order to determine whether the individual mineral grains had 
equilibrated isotopically among themselves within a hand speci
men, the plagioclase, microcline, and biotite were analyzed from 
two of the samples (9W-97-21 and 10W-23-2a). Tbe results, to
gether with those of the whole-rock analyses, arc given in Table 3. 
On this scale the minerals have rather recently attained intemal 
homogenization of their stronrium 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 correa, the results indicate that chemical mobility 
and, presumably, elevated temperatures persisted in late Miocene 
time in the central Grouse Creek Mountains, a situation similar to 
that indicated by the fission-track ages in the eastem 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 comer of the mapped area, (2) two closely 
spaced stocks in and near Red Butte Canyon in the cential part of 
the range, and (3) the large, probably multiple intrusion near the 
south end of the range at Immigrant Pass. 

Vipont Mountain Intmsion 

The lineated granodiorite and adamellite of Vipont Mountain in
truded all ofthe 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 intmsion 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 garnet, whereas the main body ofthe in
tmsion is homogeneous gamet-free granodiorite. 

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

nous sheet lying on these high-grade rocks are metamorphosed Ht 
tie, if at all, so this part of the middle sheet must have beer 
emplaced after the intmsion 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 recrystaliized, swirled trains of fine
grained quartz, biorite, 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. 

Tbe localities of the analyzed rocks are shown in Figure 9, and 
their textural and structural features are as follows: sample 4, 
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Figure 9. Geologic map and vertical section showing locations of sam-l 

pies used in Rb-Sr studies of Vipont Mountain intrusion. Contours (doned) 
and outline of Sec 8, T. 15 N., R. 17 W., are from the Cotton Thomas 
Basin 15' quadrangle. Artows show plunges of folds and lineations. Ccb = 
quartzite of Clarks Basin (Cambrian?) (heavy stipple); Cmp, = schist of 
Mahogany Peaks (Cambrian?) (black); Op = marijle of Pogonip Group 
(Ordovician) (unpattemed), Oe = Eureka(?) Quartzite (Ordovidan) (Ught 
stipple); Ofh = Fish Haven(?) Dolomite (Ordovidan) (unpartemed); and 
Ta = Tertiary adamellite and granodiorite (cross-tracked). Cross section] 
which is enlarged from map, has horizontal and vero'cal scales equaL i 

TABLE 3. Rb-Sr BIOTITE-WHOLE-ROCK AGES FROM PRECAMBRIAN ADAMELLITE, NORTHWESTERN UTAH 

Sample 
no. 

9W-97-21 

10W-23-2A 

* Calculated as biotite-

Lat 
(N) 

4 r 4 1 ' 3 2 " 

4 r 4 3 ' 3 3 " 

-whole-rock pairs 

Long 
(W) 

113°44'23" 

113''42'23" 

. Decay constant 

Mineral 

Plagioclase 
K-feldspar 
Whole rock 
Biotite 
Plagioclase 
K-feldspar 
Whole rock 
Biotite 

Xfl = 1.39 X 10-

Rb 
(ppm) 

184 
361 
166.2 

1,056 
100 
294 
170.0 
917.0 

" y r - ' . 

S r . 
(ppm) 

140 
120 

98.2 
3.0 

203 
160 
138.0 

11.6 

" R b / « S r 

3.9 
9.0 
4.99 

1,056 

1.5 
5.5 
3.61 

232.7 

"Sr/««Sr 

0.8880 
0.8897 
0.8883 1 
1.063 J 

0.8348 
0.8426 
0.8391 1 
0.861 J 

Age 
(m.y.)» 

11.9 ± 0.; 

( 

8.0 ± 0.; 

1 
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TABLE 4. Rb-Sr ISOCHRON AGi:S OH WHOLE ROCKS FROM TERTIARY INTRUSIONS, NORTHWESTERN UTAH 

Sample 
no. 

Lat 
(N) 

Long 
(W) 

Rb 
(ppm) 

Sr. 
(ppm) 

"Rb/'"Sr "Sr/"»Sr Age 
(m.y.)* 

Vipont Mountain 
9W-9-2 
4 
5 
6 
7 
8 
9 

Red Butte Can-yon 
9W-47-2A 
9W-47-2B 
9W-47-2C 
9W-47-2D 
9W-47-9 
9W-47-10 

Ifjjnjigrant Pass 
9W-39-1 
9W-39-2 
9W39-3 
9W-40-2 
13W-167-3 
13W-167-4 

41°56'52" 
41-57'17" 
41°57'15" 
41°56'56" 
4 r 5 6 ' 5 6 " 
41°56'56" 
41°57'12" 

41'"39'47-
4 r 3 9 ' 4 7 " 
4 r 3 9 ' 4 7 " 
41°39'47-
4 r 3 9 ' 4 9 -
4 r 3 9 ' 4 9 " 

4 r 3 0 ' 5 2 -
41°3] '01-
4 r 3 0 ' 5 8 " 
4 r 3 2 ' 0 7 -
41''31'44" 
4 r 3 1 ' 3 7 -

* Calculated from least-squares regression 
\ e = 1.39 X 1 0 - " y r - . 

113°48'46" 
1 1 3 ' ' 4 9 ' n " 
113''49'10-
113' '48'53" 
]13 ' '48 '53 ' 
113' '48'53" 
113''49'09" 

113°45'27-
113-45'27" 
113-45'27" 
113-45'27" 
113-45'32" 
113-45'32" 

113-44'59" 
113-45'07" 
113-45'05" 
113-45'58" 
113-41'48" 
113-41'57" 

method of York 

140 
124.8 
150.6 
87.7 

226.4 
231.2 

45.2 

193.0 
235.5 
240.6 
235.5 
335.7 
265.7 

103.8 
246.2 
362.1 
210.0 
205.0 
152.2 

(1966). Seegraphica 

240 
171.8 

94.7 
421.0 

20.8 
26.5 

1,182 

93.1 
5.22 
2.36 
7.44 

22.2 
8.22 

285 
6.34 
7.16 

40.7 
15.4 
56.4 

1 representation 

1.6 
2.105 
4.613 
0.603 

31.64 
25.33 

0.111 

6.01 
131.2 
298.7 

92.0 
43.8 
93.5 

1.05 
112.3 
146.4 

14.94 
38.60 

7.82 

of these data 

0.7217 
0.7235 
0.7308 
0.7123 
0.7306 
0.7276 
0.7104 

0.7169 
,0.7592 
0.8180 
0.7450 
0.7294 
0.7427 

0.7102 
0.7716 
0.7860 
0.7184 
0.7282 
0.7140 

in Figures 10 and 12. 

Indeterminate 
A a a\^^. L^A l l l i i l A L ^ 

24.9 ± 0.6 

38.2 + 2.0 

Decay constant: 

lineated adamellite from a 2.5-m sill in quartzite of Clarks Basin; 
sample 5, 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 intm
sion; sample 7, muscovite-bearing leucoadamellite, part of a 1-
m-thick verrical dike in the rock of sample 6, moderately lineated 
parallel to the folds ofthe second metamorphic set; sample 8, mus-
coviric leucoadamellite from another part of the same dike as sam
ple 7; sample 9W-9-2, granodiorite much like sample 6 but more 
deformed; and sample 9, marble ofthe Pogonip Group, 30 m south 
of the locality of sample 5. 

An attempt to define an age for the granitic body from Vipont 
Mountain has not been successful. Most of the analytical data 
given in Table 4 and shown in Figure 10 crudely mimic an ~ 5 0 0 -
m.y. isochron, but the pluton intrudes rocks younger than that. The 
leucoadamellite dike rock, which, from its high Rb/Sr rario, appears 
to have undergone considerable differentiation relative to the main 
igneous mass, seemingly records a much yoimger 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 ofthe 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 *'Rb^^Sr rario so incorporated would impart 
a highly variable initial stronrium isotope composition to the 
magma. Assuming, for example, a Terriary age for the intmsion, 
the"Sr/^''Sr ratio would var)' between 0.710 and 0.730. Because of 
this uncertainty in initial strontium isotope composition, we cannot 
precisely date even the two apparently differentiated leucoadamel-
Hte samples (7 and 8). If these rocks experienced no postcrystalli
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 homogenization 
and differentiation does not exist in the other Tertiary intrusions to 
be discussed. 
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Figure 10. Plot of Rb-Sr isotope data from 'Vipont Mountain intrusion, 
northem Grouse Creek Mountains. Data are listed in Table 4. 

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. 
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Figure 11. Photomicrographs, each of 1-cm area, showing texniral var
iarions in adameflite of pluton of Red Bune Canyon. Top: weakly foliated 
and lineated adamellite with subhedral plagiodase (P), unstrained quartz 
(Q) potassium-feldspar (K), and biorite (B). Bottom: strongly lineated 
gneiss 200 m below base of middle aUochthonous sheet, with quartz in fine 
aggregates (Q), and biorite reduced in size and partly altered to chlorite and 
sphene. 

Rotated and partly altered inclusions of wall rocks occur in the 
Terriary adamellite near its margins. 

The Precambrian adamellite and rocks of the middle sheet show 
evidence of marked thermal metamorphism over a distance 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 diopside(?) in a contact aureole centered 
approximately over the stocks, indicaring 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 metamorphism. 

Aligned biotite grains define a weak foliation that disappears 
gradually toward the interior of the adamellite body. A faint west-
northwest to east-west linearion composed of quartz and feldspar 
grains and biorite aggregates can be seen on foliarion 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 
Isted in Table 4. Open drcles = Red Butte Canyon; solid drcles = 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 biorite 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 Uneation in the mylonite are parallel to 
west-northwest-trending folds in overlying tectonitic, thermally 
metamorphosed dolomite of the middle sheet. Thus, the intmsion 
and crystallization 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 a 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- to 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 ofthe 
body appears stmcrureless, 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 Tertiary body were collected frorn 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-47-2A; 9W-47-2C is a muscovi
tic aplite dike, 15 cm thick, intmded 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 ftom a dike 20 cm thick, and 9W-47-1D 
is from the center of a vertical aplite dike 1.2 m thick. Other sam
ples of average adamellite had *'Rb;*^Sr and "'Sn*°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 initial *^Srf*Sr 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 artributable 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 variability, the 
magma could not have been as heterogeneous as the one at Vipont 
Mountain. The initial "'Sr/'^Sr rario, however, does imply some 
cmstal contriburion 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 
generic and, presumably, a temporal relation. Thus, we feel 
confident that this late Oligocene age applies not only to the dikes 
but also to the entire intmsion 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 and cooled in Miocene time. One sample (13W-29-11) is 
from moderately gneissose adamellite from the northwest edge of 
the northem stock, about 3 m from the contact with Precambrian 
adamellite (lat 4 r42 '49"N, long 113'45'45"W). Zircon from diis 
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 ofthe southern stock in upper Ingham 
Canyon (lat 4 r 3 9 ' 5 0 " N , long 113'44'46"W). TTie aparite 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 eastem lobe and two smaller westem lobes (Fig. 5). All of 
these intmded the middle allochthonous sheet, but the upper sheet 
is unmetamorphosed even where it is in contact with the westem 
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 rocks are not 
distinctly hneated. The ten thin sections examined, however, show 
considerable low-temperamre 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-cm grains. Garnetiferous leucoadamellite of 
about the same grain size forms thick dikes in the west halt of the 
body and a broad zone along the west margin of the two westem 
lobes. Diorite, syenodiorite, and similar rather mafic rocks are 
abundant in the small southwestem lobe. Aplite and pegmatite 
dikes are widespread and locally abundant in all the lobes. 

Samples for isotopic daring wete 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 garnet iferous 
leucoadamellite dike, 8 to 10 m thick, that intmdes the granodio
rite; 9W-39-3 is from the finer grained part of an aplitic and peg

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 eastem lobe of the 
pluton; 13W-167-3 is from a 0.7-m-thick dike of homogeneous 
aplite near the center ofthe 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 "Srl^^Sr ratio of 0.709 ± 0.002 (Ta
ble 4; Fig. 12). This age, however, is controlled predominandy by 
the two samples of dike rock from the southwestern lobe of the plu
ton and should be applied strictly only to this locaUty. Although the 
other sample points lie close to the isochron, their low radiogenic 
enrichments and the uncertainties observed elsewhere in initial 
^'Sr/"^Sr ratios combine to obscure an accurate interpretation. For 
example, the one analysis for a sample of the large eastem 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 southwestem 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 hearing. 

DISCUSSION 

Tbe 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 eastem 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 intmsion 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 rwo 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 
overthmsts in the late Mesozoic and early Tertiary thmst belt (Fig. 
1). Activity in the thmst belt must thus have ended before the first 
metamorphic deformation, or else directions of transport varied 
gready 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 elhp-
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 overturned folds and by offsets of parts of the 
allochthonous sheets, some travehng as much as 30 km. These 
events led up to the deposirion 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 displacements. 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 eastem front ofthe Grouse Creek Mountains and locally 
elsewhere. 

With that much overview of the histor)', we can turn to the ques-
rion of what caused it. Probably the most significant facts come 
from the dating and structuralstudy ofthe Precambrian adamellite: 
(1) the entire area was underlain by a neariy 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 neariy so; and (3) the fabrics 
decrease in intensity downward — so rapidly in the least 
metamorphosed (eastern) part ofthe area as to be scarcely discem-
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 thmsting during the period of metamor
phism. The vertical d is t r ibut ion of strain also excludes 
infrastmcture-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 distribution of deformarion. 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 
layer 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 ofthe 
rocks of the lower allochthonous sheet, and parts of the middle 
sheet. Figure 13 is a simplified diagram, similar to those used by 
Kehle, showing the relative amounts of displacive strain at various 
depths. The relation between the ductile layer and the overlying 
rocks is poorly known because of erosion, but it is probably a gra
dation. 

Our 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 at its upper contact, and 
the middle fault (which is apparendy 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 
medianism proposed by Hubbert and Rubey (1959): the expelled 
fluids led to separarion and nearly fricrionless translarion of the 

0 5 K" Upper allochthonous sheet 
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Figure 13. Vertical section showing displacements of various parts of 
autochthon and allochthonous sheets by flowage and low-angle faulting. 
Hea\7 line indicates positions of points originally on dashed vertical line. 
Strains are idealized to one movement plan. Actual slopes of surfaces are 
utJcnown. Vertical dimensions are approximate and are depicted to scale 
at time that deformation started. 

allochthonous sheets. At the several places where we can determin 
the direction of translation, it is the same as the sense of shear in thi 
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 hearing and uplift. The greater degree of heatinf 
(metamorphism) 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 overturn of folds with depth and 
for the unequal cooling histories from place to place. The first set ol 
metamorphic folds would represent the west and north sides ofthe 
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 overtumed 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 tbe close of metamorphism and afterward. Finally, the 
late Miocene basins suggest that large parts of the eastward-facing 
surface sagged at that rime. 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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This, ropbrt presents a list of the available radiometric ' 

age dates of igneous rocks of Utah for the time interval 
80 m.y. to the present. These data were used by Snyder,' 
Dickinson, and Silberman in their paper,' "Tectonic Impli
cations of Space-Time Patterns of Cenozoic Magmatism in 
the W^tern United States" (Earth and Planetary Science 
Letters, 1976, V. 32, p. 91-106). 

The list is arranged by age from the present to 80 m.y. 
The range of error is shown in the column "+ / - " . Latitude 
and longitude follow. Rock types are listed in the next 

420 

column. These rock type names are general descriptions 
and should be loosely interpreted. The type of analysis is 
given under the heading "Method" and this is followed by 
a column that lists the mineral analyzed. The reference 
for each date is cited in the final column. The second part 
of this report consists of a more detailed bibliography of 
each of these references. 

This list of age dates was compiled up through mid-1975 
from available published sources. It should be noted that̂  
the dates presented here represent a selected set of data. 
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