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Oligocene and Miocene metamorphism, folding
and low-angle faulting in northw
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ABSTRACT

Anarea of 3000 kmv in and around the Grouse F'eck \'1oun»
sans and the Rarmr River Mounrains exposes P
Palvozoic, and Toassic sedimentary 1 TOCKS thal were
L0z 0ie, dhe
anes mg‘__\ma.}_;d tens o1 klomerres on low-angle ! auhs__gie_:-

ol ‘s mu _local imbrications indicats U;u*_;ur(__\,yj,c_sithl_v
nocthwg dur‘ng two cpisodes of MELAMYLDRIC § cfm
Tod trans _Qorr gastward. Mumg@n sm. Meamorphic grade
Trreases downward in the atlochthonous s
and ngruases westivandin fh '.M \1«%':1' grains are ar-
Tened into the honzoneal i . and shear strams increase upward,
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iy heated dome, Rb-5r datng of granius piutons affecied by | TEATHOLITH 8 D I B
the u.ur*n.xmms ”dnmtcs that /1) the area is underlain | 0y adamel- ST 7 R \\‘:\{”a“::r-)
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as stil] Jnde"wav 129 206 my ago.

ous s rocks thar fie on low-gr :Ld__:mt

:z\? C30C 18 Wuch as 3U km of eastward transoort
Selphlem Part of h ome sagged 10 form broad sa-
380, and the coarse sediments and (4fs that accumin.

M were overrun bv aliochthonous sheets measur ng‘ai‘
fcast 11 ov 19 Tm. Two Rb.SF mineral sochrons and several
Aosion-track ages indicate that some parts of the area cooled below

<00 snly 10 muyago.
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INTRODUCTION

The area studied is one of many im the region that expose low-
angle faults of Mesozoic or Tgmar\ age: s also one ot about 20
focalitics waere metamorphism and deformarion were partly con-
current tFies 13 The map shows the great exrent of these fearures
but alse presents a probiem in minterprening them. The localites west
DUt 0T UPTRTUSTS are SROWN a5 separare Cots hecause £ach is 4
Twuntain range surrounded by extensive ailuvium. Foids and faults

uperShy uxposed in the ranges. but most are roo <OMpiex 0 be
fiidbly across the broad intervening hasins. The helt of
3 IS exposed more connauousiy provides Jf“pie
castward thrusting in Late C:: acsous and eariv
DU Lontemporancous tectome features have neen
aated 0 oniv 3 few locaitties 1o the west HOse anc Blake. 1576;
Al \nur\'c 1974 oral commun.} Isotopic data from rhe western
iocalities sug £gest a wide range of igneous rock ages, few of which
have been artached firmiv to tectonic events. A maror oroblem is
that K-Ar aoc s have been wvariably geset by Cenozois heastiag
Sonethcioss, the rezional history has been memrc ed ov scverni
meIsuns 1950; Roberts and others. 196 Armsirong and
Hansen, 19665 Armstrong, 1968b, 1972, Roberrs IS, ‘%o Hose and
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Figure 1. Tectonic features near arez studied. QOpen circles =

= DIQCM
where low-angle faults of Mesozoic or Tertiary age nave been reporiced

sohd urclcs = places where metamorohic rocks were involved in deforms
von. I. Ahiborn 719734 2 Hazzard ind Turner /1957 Misch anc Ha:
Z‘*rd x96-,: 3. Yourmg 19601 4. Musch 1960y,

‘1957 3, Howard 195, Kistler

Hazzard and Turre
and Wiliden /1969 4, Armstron;)
r19éba,; 7. Compton 1969, 1972.. 5. Tndd 197309, Thorman 1970
10. Woodward (1967, O'Neill 719691 11 and 12, »\ndcrson (1931 13
Moores and others (19681; 14, .\cison 11966, 1969, Nolan 1935"; i5, Ot
son "1956;: 16, Schaeffer and Anderson '1960); 1/, Wiilden and others
1967%; 18, Whitebread 1965, Lee and ochers | (1970Y; 19, Dover 11969
20, \rhsch ‘1960Y; 21, Woodward ‘19645, 22, \hsc'\ '!360?' 23, Kert
T962': 23, Fagan 1 1962%; 25, Riva 11970 26, Cebull 119705 27, Drewes
1967 28, uhanz and Pampevan \}‘)/0-: 29, Thorman (i970.; 30,
Oversby 7972} 31, Shack 19745 32, ‘19565 Thrust faults are
from King ',1‘)69?.
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The dates determuned inthis study therefore seemed SUTPrISIng,
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Figure 2. Structure map of Grouse Creek Mountains (north-south outcrop!,
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Raft River Mountains east-west outcropi, and vicinity. High-angle fauits
have been omitted. Black = upper aliochthonous sheet: dots = middle sheet rand subsidiary sheets derived from 1., s = fower sheet: 3 = autochshon: g =
Tertiary granitic bodres. Dotted boundaries = depositional contacts with Cenozow rocks: T =

= allochthonous sheets on Tertary beds. Heavy dasives show
axial trends of Arst metamorphic folds and lincations: thin unbroken lines show trends of second metamorphic toids and lincations.




METAMORPHISM, FOLDING,

maps and many lithologic and structural details are available
iCompton, 1972, 1975, Todd, 1973).

ROCK UNITS AND LOW-ANGLE FAULTS

¥ The Raft River Mountains expose two_malor allochthonous
sheets that bre one above the other on an autochthon consistung
manly ol Precambnan socks. The Grouse Creek Mountains are
sentlarty composed but mclude a thied, sull higher sheet along therr
western flank “Fig. 23, The Mathn Mountains and other {ow hills
cast of the Crouse Creek Mountains expose vne or more north-
northeast=sirking, westward-dipping low-angle taults along which
sheets of variably metamorphosed upper Paleozow limestone and
sandstone were carried over thick unmetamorphosed limestone and
sandstone of stmilar age (V. R. Todd, unpub. data). In manv places,
these thin sheets were emplaced on upper Miocene tutfaceous
sandstone and tanglomerate (Fig. 23 The faults are exposed dis-
conunuously for a distance ot at least 19 km trom north to south
and for 11 km from east to west. Simtlar sheets lie on Ternary beds
at the north end of the Bally Mountains and art several localities in
the Grouse Creek Mountains (Fig. 2. Fossils collected by Stanford
feld students at one of the larter localites include gastropods that
cre studied and assigned a late Miocene age by James E. Firby
1973, written commun.).

Deformed upper Miocene beds show that the Rafr River Moun-
-amy Julneil s Jd_Joubly plunging east-trending anticline in
Phocene_tmg and that the Grouse Creek Mountains formed at
Jpout the same time by arching and high-angle faulung. Ergsion
has expused the autochthon o depths of 900 m in both ranges bug
s et enough klippen and peripheral patches of the allochtho-

§ _nous sheets so thy y van be projected confdently over most of
“the mapped-—rea

Although folded n detail, the allochthonous sheers and ay-
tochthon are rudely strathed and were mare o less horjzontal be-
Tore the mountaim ranges tormed, Figure 3 shows their total strati-
graphic sucvesston as well as the typical positions of the principal
(u\\AJnglc faults. Recumbent folding locally inverted the sequence,

£

L and_jow-angle raulong atenaated ar and locally repeated ir bur
© 7 Tost of the rock unis in the Ryoe are generally oresent in the ooder

SHOWL

“TFigure 3, however, 1s not a strangraphic column. The thicknesses
shown are all maximal tor the area but are probably much iess than
rhe original sedimentary thicknesses, except for units younger than
Mississippran. Jalid-state How caused considerable thinning, as
shown by flattened grains and schistose fabrics that generallyv e
parailel subhorizonral lavers. This effect varied considerabiy
tfrom place to place and s tocally extreme: along the eastern flank
of the wentral Grouse Creek Mountains and the adjgining southern

AND FAULTING IN UTAH 1239

Oquirth Formation lies Jirectly ¢ autochthon. Subsidiary im-
bricate thrusts that have Tocally emplaced older units over younger

are assouated with strongly overturned folds, as described 1n the
next secuon,

FOLDS AND LINEATIONS

Aclpast thres sers of tolds tormed during metamorphism, and a.

DLk
ourth, wiich mav jocally be divided into severai sets, formed after
WW[ the tolds plunge at Tow angles in most places.
R oldest tolds dehne a broad are that swings from east-
s the Ratt River Mountaisi to noreh, even nort
the Grouse Creek Mountains (Fig. 2;. Almost ail the folds are over-
turned toward the convex (northwest) side of the arc. Exceptions
are east-overturned folds at the southern end of the Grouse Creek
Mountains, which mav not be continuous with folds to the north.
Axes ot the second ser of metamorohic tolds trend northwest to

W;\cmmc Creek Mountains and approximately west
w_the Rart River Mountains, At scattered miﬁ%‘xmm
Grouse Creek Mountams, west-trending metamorphic folds have
overprinted northwest-trending folds. Alimost all tolds of the sec-
ond scet are overturned to the north. Exceprions are northwest-
rrending 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. Suil vounger, scarce
metamorphic tolds (not shown in Fig. 2) trend northeast and are
overurned toward the southeast, and in parts of the central Raf:
River Mountains late metamorphic tolds of this trend are over-
turned toward the northwest.

The meramorphic folds range from upright to recumbent, most
berng strongly overturned. The largest are recumbent and measuare
mwnal hinge to adjoining synclinal hinge.
These large folds are tvpically solitary or in couplets, with rock
lavers extending nearly unaffected for many kilometres in front of
the tolds or behind them. Hinges of the most prominent foids in the
Rafr River Mountains can be foilowed for 22 km in the au-
tochthoun. Only a few foids of comparable size occur elsewhere, but
the numbders of smaller foids increase exponenually with decreasing
fold size. such that foids with wavelengths of about 1 m can be seen
at many locahities {except in the upper allochthonous sheet), and
folds smaller than 5 mm are so abundant as o impart a pervasive
and charactensnc linear ndging or stnping to surfaces of many
quarrzite and marbie lavers. Other linear elements parallel to these
small foids include flartened and clungated pebbies, triaxial quartz
and caldire grains, prismanc kyanite and hornblende grains, clon-
gared mica plartes, and open-space fillings {typically calcitel on two
sides of pvrite crystals.

The postmetamorphic folds {not shown in Fig. 2} have 4 varicty

Jank of the Rart River Mountgins, the taral thickness of ajl units
herween cthe basal adamellite_and the Fish Haven 2 Dolomite is
ommonly oniy 100 m,

Another important cause of thinning was fauiting along surfaces
hat vut across stratigraphic units at fow angles, dispiacing strata ot
the nanging wail cnto older rocks. This s shown on a large scaie by
:he muddle sheet, which emplaced the upper part of the Mississip-
pan of the fower part of the Pennsvivaman on Ordovician rocks
trroughout the north halt of the area but includes progressivelv
oider Paleozoic units as it 1s traced southward in the Grouse Creek
Mountains (Fig. 4). The feature cannot be a moderatelv faulted un-
contormity beaeath an onlapping sequence because all of the unirts
are lithologically the same as they are elsewhere in the region. The
relation thus implies many tepsol kilometres ot displacement of the
muddle sheer, The middle sheet s also subdivided by subsidiary
low-angle taults that produced similar but less extreme effects.

The fault at the base of the lower sheer locaily rises from the
schist of Stevens Spring to the schist of Mahogany Peaks or the

marbie of the Pogonip Group. The lower allochthonous she ut
i out entirely in part of the eastern Ran River wountains, where the

i
~ ——
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of forms and trends. suggesting that movements at that stage were
compliex_and {ocahzed. The largest of these i0ids in the western
Rart River Mountains are probabiy of the same age as the voungest
metamorpnic folds in the central Grouse Creek Mounrains. Their
sense ot transport could be determined 14 km southwest of Yost,
where a fan-shaped array of large folds that are overturned gener-
allv toward the east ts cut bv imbricate thrusts with the same sense
of transport :Compton, 1972}, Six kilomerres northeast of Yost
folds of approximately the same age have strongly deformed the
middle low-angle fauit and subsidiary low-angie 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
antichnal hinge to synclinal hinge. are overrurned to the cast, and
are cut bv imbricate thruses displaced toward the east.

Postmetamorphic folding also aftected the autochthon widely

ur_bv no means universaily. The foids range trom shght roils and
cnimps o OpemTheEVToM Tolds overturned to the east. None have

e ——— T s
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Haven Dolamite. Metamorphosed, chiefly

nated, but locally ton and massive.
100 M cBlack Hills)
white, nearly

Cureka Quortzite
{ove Creek)

all quarte,

Metaquartzite,
a few peicent muscovite.

ORCOVICIAN

Metamor phosed linestone, chiefly
tocally dolomitized, thin
iSouth of Yost)

ip Group.
argl Haceous,
sandstone and shale subunits.

sandy,

SL'I ist of H. llmlani P 78“5 Meladlaystone,
Unbeddued.,

{(Sonthoest of Yout)

mafic,

Quartzite of Clarks Basin., Hetaquartzite,

tan, white; distinctly flaggy, muscovitic.

o— LOM=ANGLE FAULY
Schist of St Metashale,
with l.;rqe lenses of metadiabase, hornblende
schist, and metamorphosed silicic (uffs and

(Yorth of Muldy Conyon)

yray,

cvens Spring. graphitic,

minoe intrusions

Quatteite of Yost. Hetaquartzite, white to green,

lh in bedde d

muscovitic.

S( hist of Hpper Harrows.  Metamorphosed shale and
snllsl(me biotatic, graphi(ir, with granitic seg-
reqations; thyolitic metatulf and sandstone focally

ra 1 .
PRECAMBRIAN(7) frar top

Mainly white metaquartzite, commnly
with pebble beds;

mica schist

£lba Quartzite.
Cross-bedded, o ally green,
subuanits of laminated metasilestone,
{metaruf 1), greenschist {werabasalt), and hematitic

sehist

s UNCOHFURRITY
Otder schist,
pebbly mudstone,

Hetamarphosed shale, siltstone,
sandstone, abundant wmetabasaltic
tocks and metadiaobase. (Horthoast hift Kiver Mta)
PRECAMBRIAN ' !

QUATERNAKY
PLIOCENE

1,000 M

UPPER MIOCENE

CLOWER TRIASSIC

UPPER PERMIAN

nooLe(?)
PEPMIAN

(houth of Youst) A2

LOWER PERMIAN

PLNASYLVANIAN

Al buvium,

7 Flows . Basalt, chyolice
CUNUONFORMITY
Unnamed sedimentary and volianiclastie ronbs b

and tutfaceous sandstones and siltstones:

GG Uy lacustrine timestone.,
«o G S
AV LU

B0 LU
o er 13 e

[ I R

UNCONFORMITY

dolomitic limestone and dark brown chert;

—= LOW-ANGLE FAULT
Unnamed dolomite and sandstone.
dolomite; calcareous sandstone. (Mig{ver ¥}
Unnamed Fimestone Chietly silty sanady 1iietes e

sandstone, cross bedded, irceqular cnert LoSeen,

beds, inerbedded dJulonite and chert.
Oyuitrh Grovp.

Light-weathering, calcarenus siltty sandoty o,

dolomitic, cherty; fossiliferous limestone, cigthn

(Metlin )

sandy limestone and chert,

Metamorphosed cherty and sondy linestone,
calcareous sandstune and pebble conylomecate, thin

sandy limestone. (U 0fne Mootaeen?

Black phgtlaon.

Chainman-Diamond Peak Formations.
metasiltstone;
-

part chert, quartzite-pebble metaconglurerate

tutt s, mae

limestone, platy calcareous fine-grained sanistune.

Bolomitic ~andy limetune,

wlgat,

minosr impure marble and tan setaquartiite,

b e rates

Thaynes Formation. Limestone and sandstove, tossilitervus
T
Gerster formation. Interbedded medivn-yray, >ilty-sandy

brachinpod rieh

Charty

pet g lboarecas

iy gnan

than tedided,

Tcally bedded

enterbedded

[T R FON)

ard pyricin

upper

e Mot

AT -
Guilrwetie Formation

Mot g phosed

Poscibitoraas

Hainly ygneissuse,

Figure 3.
nght-hand colummn is one-enth that on lefe.

grading upward (o

HISSISSIEPPIANR

DEVONIAN
STLURTAN

. BOVINE M1
LOVER PERMIAN )
HOSEBUD
PENNSYLYANIAN (ANYN
HISSISSIPPIAN o =
DEVOMIAN : . .
SHURIAN / s T

LUWER ALLOCHTHONOUS SHEET

(ORDOVICIAN, CAMBRIAN(D) |
AMD PRECAMBRIAN(T})

Figure 4.

PRECAMBR | AN

ADARELLATE  OF  AUTOCHInON

\Lquuu; of rock units in area studied. Notshown are Tertiary granitic rocks, which intruded units as young as Permman. Note thatscale on

ey oave

Simonson Dolomite. Metauwrphosed ligho colred Jolnmite
Labetown bolanite.
000 F1 0 ™
000 n e . .
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Pardy reconstructed noah south vertical vection fram wost end of Rafi River Moustams to south end ot Grouse Creck Mountnny, atnaoual

scale, showing wuangraphic composinon of widdle allochithonons sheee Towersheet and v i antochthon are vhown sineadly as thoy ace o, bue wmis
n mhldk shect south oF Roschud Canyon hase been teconstiuated trom greatly folded and faubicd hagments.
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wavelengths of more than 1 m, and all trend benween N30°W and  but in the west the amphibolite consists of hornbiende, int

N3O°E,
METAMORPHIC VARIATIONS

Vertical and lateral vanaoons in metamorphic grade due 1o tem-
¢ f

serature ditferences help greatly ininterprenng the detormanons,
The general verneal vamanons are as tollows:

hrhonous shoct s not metamorrphosed:
aihoe SASAASSE A SAIASRRNNAS SRS

20 the anadie shoct s

tngupper
- A

not metamurphosel asedne iy, butin othery ~hm\ ST
1( mMea '

»[Df.l\.d .JO\\ W arg;

et e e

Owersheet and the autonhihon are wmpmughkm i w_u;'nﬁr-
mdu cencrally increasing dossaavasd. Table 1 hists the prin-

cpal mineral assembiages for the mghest grade part ot cach unit
Bewause parts of the sheets were displaced atter metamorphism, the
anuiated seotion s a reconstructed metamorphic sequence for the
most heated part ot area at the peak of prograde Meramor-
phism. Textures indicate that the minerals in each assembiage
LO:‘\IS\LU at that ame, whether or not true equilibria were a taned.
Except fur the Ane-grained schists of the Oqulrrr‘. and Chamman or

rI*L'

Duamond Peak Formanons, most mineral grains are berwern 9.03
and 5 ommoan dlameser.
The lateral varators in metamorphic grade are simpiest in the

autochthon: the highest grade rocks are in the western pars of the
arca and the lowest grade in the casiern part. The prc-uh'm”.rc

W have noc been studied o enough places 1o be meamngrud,

TABLE 10 NMUNERAL ASSEMBLAGES IN HIGHEST GRADE
PARTS OF ROCK UNITy IN GROUSE CREEK
AND RAFT RIVER MOUNTAINS
Rock unit Ongmal rock Metamorphic minerals
Qucuirrh Formanon  Siry Calvite, dolomite, gquarrz, colorless
limestone meca, relivt detrital feldspars
Diamond Puak Shale Colorless muca. quarrz, biotite.

Formanon chlartold. graphite

Figh Haven: o Dotomite

Dolumite

Dolomire. guarz, \\)x‘Jrl"S> mica.

tremolite, reht K-

:ﬁd'
Eurckai 2t Quartite Sandstone Quartz, coiorless mica
Pogemp Group Sandy, clavey  Calcite. dotomite. zoisite. calcic

limestone plagrodlase, coioriess mica,

brotite, quartz

schist of Muahogany  Muanc shale Coiorless mica. staurciite. garner,

mediate plagioclase, and garnet and in the east of finer grain
hornbicnde, eprdote, albite, and c¢hlornte. The Precambn
adamellite, which has been studied more exrensivelv, has the ps

arade n%su‘ﬁblnge fisted in Tablc 110 the Grouse Creek Mounra
.md it has the assembiage microcline~quariz—albire~white mic
eprdote~biotite throughout the ease half ot the Ratr River Mo,
ras, The adamelliee 1s distnctiy gneissose 1n the Grouse Cre
NMountans, with few raneous tL\wraI
vastward o

Lateead

reiies, but changes 2-
L MAany igneous texiur
<hanges or the Elba Quarizre have been studies
N osettons, Where the rock shows it highest grade assemoizs
in the central part of the Grouse Creek Mountains, quarz gra
are ncariy eguant poivhedra, and w hlrc mica and biotite form £
tnact piates. Toward the eas

C 1]
icss fohated vanenes with

. bronire disappears, QuUartz grains :
more Hattened and Il’r‘(‘g\!lu.. and white mica s fAner grained 2
more irreguiar. Near the 2ast end of the Rarr River .\vAUdﬂ[ZlYT
quariz and feldspar grams larger than 0.3 mm commoniy have :
shapes of refict sand grains, some even preserving Jdiagenens ov
growrhs. Quartz grains aiso show an icreasing amount of po.
crvsezibizanien strain toward the eastern pare of the area.

In the schist immediately above the Elba Quartzite. siwonite
coarser :0.2 10 .7 mm) in the western part of the area than in :
rastern part where 1115 0.01 to .05 mm), and the degree of g.’ar‘.

lanon during recrystalhzation increases toward the east. Schist
the Upper Narrows in the castern part of the Raft River Mount:
has assembiages such as Chionte-white
aibize-quartz-protite-epidote,

senbiages Table 1 g 5

wwmmssh"

wl’m grade, bcm

mna—ml‘*x\e—qu:rtz

W "H\.ﬂ C\)ﬂ[fJSL with NC Wesiemn 2
R -

*‘s‘o varies Jaterally in meramc
highest in grade in the western Raft River Moy

s, 2bout 12 km m)r.hcast of the Pighest grade part of the a

tmmhon \F(g. 3). Especiaily recogrizabie are variations within ©
Pogonip Group, which is coarse!

iy porphyrobiastic marble whers

e Ve U /ﬁn“mr"{\\i

T~ 8ALS

P

Peaks bionte, guars LT
crzite i iarks  Feldspachic Quarrz, cosoriess mica, kvanite,
Basin sandstone chioritowd (Jocaily pwotite and
garnct;
Sohist of Stevens Shaie Coiorless mca, quarrz, brotire,
Spring garnet, oiigoclase, graphite -
Buasait Green hornbiende, ptagioclase ’
Cramite Quarrz. K-reldspar, virgodiase, oo
DUIPNYIY Coioriess mra, plonre N
Shae Bu\( ceoloricss mica, quart.
ddma'. oligociase N o
Feidspathia . cororiess mica. hwotnize, ! :
~dsione ispar Dase -
anasiong dspar, prlagrogase
Qider Precampnan Adamelire Otigociase, ortheclase, quarsz,
units arotite
Gabbro Green hornbiende. intermediate
plagioclase. garner, gquarez :
. L S xm
Shale Biotite, quarrz, ohgociase, garnet v
“altered metasomaticaliy during s g m,
X . LN — —m
late metamorphism tu .
assemplages “"”."- Xyantte, Figure 5. Locations of highest grade parts of autochthon "horzon
stauroiite, andalusite. stlimanite)  fines) and of lower allochthonous sheet ivertcal bnesi. Dots show wh:
. T : Oquirrh Formanon of middle sheet is metamo o tary plutc
Nocer Mincrais histed 10 order of decreasing abundance. q etamorphosed. Ternary plutc

show in black. Outcrop is same as that of Figure 2.
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contains high-grade minerals (Table 1} but changes o the south-
west and to the east. White mica is the only new metamorphic min-
eral in marbie of intermediate grade. and the tuwest grade rocks,
near the east end of the Ratt River Mountais, contn abundant
rehics of sedimentary grains, including shredded white imica. An
important exception s a high-grade outher at Bald Knoil Fig. 3).
Varations in other Cambrianc?: and Ordoviaan units are cquisiss
tent; tre schist of Mahogany Peaks loses ats farge staurohie and
garnet grans to the south, cast, and west, and wnrre mica grains in
the Eureka(?} Quartzite and Fish Haven(?) Dolomite become small-
er in the same directions, agan except for the outher at Bald Knoll.

The \1'ssx551pomn rocks of the muddie shee: are metamorphosed
evervwhere, but the Oguirrh Formaton s metamorphosed only
Iogal\\ iFig. 3. Gradavons within the Oguiren trom metamor-
phosed to unmetamorphosed rocks are well expused in the central
and southern Grouse Creck Mountams,

In view of the systemauc vanagons ot metamorphic grade in the
autochthon and the allochthonous sheets. and considering the
thinness of the lower sheet, the distnbution of high-grade rocks
shownn Frgure 3 1s provocative. The high-grade rocks of the lower
sheer at Bald Knoll are 30 xim 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 ot the middle
sheet lies on Jow-grade rocks of the lower sheet dlong the north side
of the Raft River Mountains and in tne central Grouse L.fcr:k
Mountains. L.\meramurprmcd Oquirth rocks fie directly on the
most metamorphosed part of the lower sheet, and, near Vipont
Mountain, they lie only 100 m, vcmcally. tfrom the highest grade
rocks of the autochthon. These relatons indncuc major low-apg
faulting after metamorphism or late in metamorphism, with a iarge
resultant (ransport from west to east, The solated occurrencs of
Righer grade ToCKS 1A The Tower sheet at Bald Knoll also indicates
separate movement of a subsidiary part of the lower sheet. Separate
movements of subsidiary sheets are also suggested by metamorphic
relations around Tertiary siocks of the Grouse Creek Mounrtains,
as will pe discussed when the daung of the stocks 15 desaribed.

DATING OF PRECAMBRIAN ADAMELLITE

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

Clear Creek Canyon

Adameilire s well =xposed ‘rom its contact with older rocks, 3
km from the mouth of Clear Creex Canvon :,rzg‘ 2. to the canvon
head, 6 km to the southwest Compton, 19737, Five sampies tor
dating were collectec at vanous places aiong the canvon, stariing |
km west of the contact with the oider schist and extending 4 km
southwest. Throughout the cast haif of the Raft River Mountains
the rock ts tvprcally homogeneous and nearfy granuiar, with a weak
metamorphic foliation and lineation. Feldspar phenocrysts, as long
as 3 c¢m, are rypicaily sparse but locally abundant: otherwise the
grain size is typicallv 1.3 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 ourward to a porphyroaphanitic border zone
against older mafic igncous rocks. The irregular boundary is appar-
ently a chilled margin, suggesting a shallow emplacement of the
adamellite in this part of the area.

The adameilite 1s dominantly hypidiomorphic granular, with
plagioclase distinctly subhedral although altered to albite, white

mica, and Fe-poor eprdote. Meramorphism detormed and recrve.
tallized Guartz, recrvaailized bronre mro saaly aggregares, re-
tathized siule sphene grams o aegregates, ad formed covdong
the toliated parts of the rock. Small amounts of postimetamaorn,
Ateration are shown evervawhere by munute cracks Biled with e,
fine grained Fe-smecnte =
The analvocal data are plotted ona Rb-Se diagram o Fuguee -
The samples define ondy o poor Linear arrav, and a ‘L‘.’.S(-w,k!‘lr;\ -
AR
nreriept -0.7 may retlect either a tater dstarbance of the =
chemistry or a Hu\mi contritbution to the mnml SLrontum o Ing
muagma., We cannot distinguish umiquedy e
sibilities, but the generaily older ages of 2.5 bov or groarer 1or
basement rock throughout the W yoming province L(m\..w [9ne
Reed and Zartman, 1973" and the substannal degree ot alteranon
shown by these rocks causes us to suspect postervstathizanos
vpen-system condittons. Furthermore, the adamellite has apprec:
aoly higher Rb:Sr ranios than other anaivzed Precambrian rodks o

gression hine \lCi&IS an age of 20080 = g moy The high
n

tween these mwo oo

the vicimity — a factor otten found to correlate with age modiniea

ton durtng subsequent metamorphism and weathening,
Fisston-track ages on the Precambrian adameltite and assocane

rocks of the Raft River Mountains indicate metamorphiam ot {or

nary age followed by excepuionaliy rapid coohr g, Sphenc and apa-

tite from adamellize sampie CC-1  Table 2 pave annealing au
20 = 10 m.y. for sphene and 20 = 4 m.v. for apatite: “the = v,
are Xroand Ay = A.85 x 107 v A seconu sample s from thc
older schist 100 m above an mmtrusive contact with Precambr
adamelhite ar lar #1955 746 N long 113919739"W, which 15 2. ki

southeast of locality CC-1. This sphene gave anage ol 102 = 1 -
m.y., and the apante 12,4 = 2.4 muv. A sample of Pogongp marni
metamorphosed to schist consisting manly of eprdote, guari,
potassium feldspar, bioute, calcite. and colorless mica was oof-
lected 30 m above the base of the fower allochrhonous sheer, ar ke
northwest edge of the Black Hills ilar 41530718"N, iong

P393 317 The apanite has o very low arantum contene i 4
ppm- bue gave an age of 46 = 2A Py tor one detertunanon ang av
= 32 m.v. tor another.

Annealing of asston tracks i sphence takes place at remperarures
ot about 400 *C "Caik and Naeser. 1975, i the remperatures arc
sustained for geoiogically signincant periods — greater than 10" vr.
Apaute 15 anneaied of Rssion tracks if temperatures above 100 °C
are sustained for 10" yr or more Naeser and Faul, 1969 The
fssion-track '12*‘5 ot the \pm'u\ thus suggest that the rocks hoand
around Clear Creek Canvon were at metamorphic temperatures as
recently as Miocene time. The quartzites in that part of the ~anue
have strongly preterred cryvstallographic fabrics that are coaxial

1.40C — . ———— - [

307 -

8751/865,

77 (8875 0764
2.700 | L — (U G SN
2 R “ [ L] [o} ? a 3 R
ﬂynb/'ﬁsl
Figure 6. Plot of Rb-Sr isotopic data from adameltite of Clear Creck

Canyon, Raft River Mountains. Data are listed in Table 2.



METAMORPHISM, FOLDING,

wuth Large recumibent folds of the second met nmorphiu set, and they
slso show abundant features produced by postery stathization
strain. Evidently, the cast-west=trending tolds were still forming in
fiocene nme, and the cdose similaniny of the sphene and apante
sues tor vach rock suggests that the rocks then cooled rapidhy

The ofder ages tor the apantes from the Black Hills cannot be
mcrprered nomiy because they are very approximate and because
e sampie s trom an allochthonous sheet that probably moved
a1y Kbometres arter metaimorphism. The data show, noactheless,
e well before athers. This oy
sanported by dara of Armistrong and Hansen (1966, p. 123% who
trom two autochthonous rocks of the
catt Raver Mountains. A sample of Precambrian adamellite trom
Cicar Creck Canvon, abour 2.5 km southwest of our CC- 1, gave an
dpe of 37 = 8o=3 muy.and a sample of older schist (possibly schis-
rose adamediie) from Big Hollow, 3 km cast of the Black Hills, gave
30 age of 38 = 6. =2 m.y. tor one brotite spht and an age of 41 +
4 =2 m.y. for a second split.

some parts of the wrram cooled

ported KeAr ’L»V‘r Srotites

f
L

Central Grouse Creek Mountains

The contact between the Precambrian adamellite and younger
dquariates and schists 1s a mu:n'norphmcd uncontormity through-
wat tihe Ratt River and the northern Grouse Creek Mountams, but
aorhe central Grouse Creek Mounrains, adamellite appears to in-
e guartzite and sahists In Muddy Canyon, thin sifls of adamel-
schist oceur benween beds of Elba Quartzite, and
torms concordant mndusions in the upper 100 m
The unper contact of the adamediice cuts across upper
Procambriane s unis of the autochthon into the lower alfochthon-
alow angle (Fig. 43 The voungest unititruded by Pre-
-»nhrlm adamdiiee o (_nnnrx.m\“ quarrzite ot Clarks Basin.
srthy gramnized, contorsed schist inclusions are notably abundant
sthe up ser part of the adamellite, suggestng that the missing sec-
was an part Jownfolded and incorporated by mobilized

e gnonss and

sedliod guartane
Sl aadimetiite,

ous sheer ar

won
lLl“'kh HC.

Fiha Quartzie this from 215 m about 2.5 km north of
fdv Canvon to o moan the north wall of the canvon tFig. 4).
Iv striking are the thinming by metamorphic flow and low-

HEMY
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angle faulnng of all metasedimencary rocks ot the autochthon and
of the lower allochthonous sheet above the area of mobilized
adamelhte,

The adamellite of the central Grouse Creek Mountains shows a
svstematic change in texrure upward, from coarse- and medium-
grained gneiss i the fowest exposures to Ane-grained gnoss and
schist in the upper part, about Y20 m above the base of the range.
Textures indicate simultaneous detormation and recrvstaihizanon,
Simtlarly, numbers of reiicr igneous grams decrease upward, and
phengiuic white mica, quartz, albree, iron-poor epidote, and sphenc
mcrease upward, as the higher temperature oiigociase-orthoclase-
quartz-bionte assembiage is replaced. Under the Eiba Quartzite s 2
zone about 6 m thick i which medium-grained adamellite grades
upward through feldspathic schist of adamellite composiaon 1o
phengite-guartz-albite schist (Fig. It 1s noteworthy that these
schists contain the same accessary minerals, proincipally allanite and
dark red-brown meramict zircon, as the less altered adamellice be-
low, Locally, the mcramict zircon 1n the schists bears parnal jackets
of colorless bircfringc’n zircon,

Adameilite m the centrai Grouse Creek Mountains was folded
rwice during metamorphism. Recrvstallized mineral aggregates
form two prominent hneatons orented parallel to the two foid
sets. Tne carfier lincation ‘northeast to nonn-nurthwesr—crendmg,‘
CONSISTS ofqu.lr'zufcidsmthu rods, clongurc brotite aggregares, and
paraliel crenulations 0.5 to | um wide lying in the tohiation plane, in
deeper Iving exposures. Wavelengths of the crenulanons and
widehs of the Hinear mineral aggregates decrease upward; near the
top of the range they are typically onlv a tew millimetres wide. This
decrease 1s part of anincrease in deformation and recrystatlization.
In deeper Iving rocks, the second (northwest to west-northwest)
lincation cansists of subhedral biotite grains that cross the eariier
coarser biotite aggregates and, in thin section, appear to have re-
crvstallized from them. In the reconstituted upper shell of the
adamellite and in rocks surrounding the rwo smail Ternary stocks
on the west side of the range ‘roughly the upper 183 m of adamel-
lite}, the second lineation consists of quarsz- rudspa‘ rods, biotite

aggregates, and Jdisunct crenuiation, and the fAirst lineation is pres-
ent only as faint woinkiing. These refations suggest two mpor‘a'u
potnts: (1) strain and recrvstatliization increased upward 1in the

Samipic Lat Long Rb Sr, Y Rbs*eSr ¥ Sei™8Sr Age
o ‘N % ‘ppmi ppmi fmav)”
PRI SN RPN HI_\’(NI
i 419567 50" 1'3” ‘0T 2872 755 11.8§ 1113
N 4195557 113522749 2754 110.7 ".40 0.9908
UL $1°56°007 l.>°“’ 43”7 2376 86.9 8.87 1.055 2,180 £ 190
N +1°56°31" T i13e22'02” 2711 80.3 10.12 1.077
Cen 41°56743" i13°2 32" 293.7 ¢ 585 15.30 1.248
L ¢ K Maowentams
N T ERACRRRAN 1334720 834 1442 1,682 0.7679
ERNEE 174120 Pi5%a47 20" 17 138.2 2.560 7.7998
ST S1T3021 L13%447207 2409 1324 +.629 0.8265
AN 417417327 113544723 1062 982 1988 0.8882
R S1541723" Ti3T4r22” 1913 1482 1.94R 3.7902
AR 41°40718” 113°447347 1249 1413 2382 08I
SWO21-1AT 41°457 107 113°%41°19" 184.7 773 6.990 0.8208 2,510 = 170
TUNSRE RY B o b 41745107 113541719 150.2 288 13.24 0.8048
R\ P Y 41745°03" 113°41°10" 126.7 109.3 3.396 0.8222
HOW - 41°45°03" F13%417 10" 141.3 121.9 3.399 0.8368
TN 41°43'36" 113°42704" 129.8 109.2 2.488 0.8456
!Q\\'-Z 41°43733" 113°42°23" 170.0 138.0 3.613 $.8391
19W-23 ’B 41°43'33" 113742723 123.4 136.7 2,638 0.8014
Calvulated trom Jeast-squares regression method of York (1966}, Sce graphic representation of these data in Figures 6 and 8. Decay constant:

= [.3Y x

o= ftyr=t,
= samples notincluded in calealanion ot age.

‘g




1244 COMPTON

adamecilite when the first folds and lincavons formed. and 1 2) re-
orvstalhizanon of nuncrals during the second mid\nb reached a

maximum an rocks adjacent to, and lying above, the Tertary
STOCKS,
In the ventral part of the Grouse Creek Mountaimns, Precambrnan

adamellire 15 interlavered with lesser amounts of granodiorite, to-
nalite, and leucocratic gneiss. Surtes of these four rocks were Coi-
fecred from three arcas tor danng. Three medium-grained gnesse
'Cpru atative of mcrcr exposures are from Middle Canvon b
2. 5ix fine-grained samples, typical of the upper part of the gnetss,
were collected on Ingham Peak, which is 4 km southwest of Middle
Canvon. Four samples of merasomancaily aitered gneiss and schist
e trom Muddy Canvon, where the intrusive-appeanng contact ot
¢ccamenan adameilite with the Elba Quartzite is well exposed
. The samples are listed below by jocality.
Middle Canyon. Sample 10W-23-1 is medium-grained tonaiite
ghetss, 1OW-23-2a is medium- to coarse-grained adameliite gnerss

.the tvprcal adamellite of the gneiss complexi, and 1OW -2372b s
'\e.num-gamed muscovitized granodiornte gnetss.

Ingham Peak. Samples 3W-97-19a, b. and ¢ were collected from
3 tvpreal outcrop of interlavered adameliite and mafc gneiss from
the highest peak of the central Grouse Creek Mountains. Sample
9\ -97-19¢ 15 from a thin gneissic gramitic pegmatite taver in Ane-to
mediam-grained adamellitc gneiss, the rock of sample 9W-97- 1 9b,
Sample Y\W-97-19A is fine- to mcdiu"ﬁ-gramed granodiorite gneiss
from an adjoining mafic laver and was collected [0 cm from
S\-97-1vb. Sample 9W-97-21 is adamellite gneiss from a site
about 610 m north of 9W-97-19, 9W-97-26 15 muscovitized
adameliite gneiss coilected 92 i north of 9W-97-19, and YW-97-
28 s lcucuadcmclhre gnaiss from a site abour 2,200 m south of
9W-97-19. All three sampies are fine to medium grained.

Muddy Canyon. Samples 10W-21-1a and ib are phengire-
quartz schists collected adjacent to an inclusion of Eiba Quartzite
1.8 Precambrian udamei-

1
n.
i

F:

fl‘i

1.8 m below the contac: berween mobilized

e maca— ho et

ALASKITIC GNEISS - -

Figure 7. Diagrammatic sccton through upper part of Precambrian
adamellite and Elba Quartzite in Muddy Canvon, showing gradation from
gneiss to schist, interposition of schistose adamellite in quanzite, and
isotope ragos determined from samples from positions indicated.

AND OTHERS

hre and Elba Quartzite. The inclusion convsts ot several thin bets

i all 10 amoshack, that Bie paralle! ro the tobanon or the s

Sample 1OW-21-ib was 0.6 m above the

sample TOW-21-1a fav about 0.3 m below o

and 4b were collected abour 7.3
1 D

GUATTI In\'

IASTR IR DR R A Y
Sampies N2
M obeiow the contacr berween
Eiba Quarzite and Precambrian adamertbire sompie 100221030
finc- to medium-gramned muscovitized adamadine gnese,
pic TOW-21.40 1 1 Concordant
icucoadamelite dike IO\‘#’-Z!-J&*. T .
sentative of the border zone of the Precambrian adamcthee i w b
muscovitized adamelhite gneiss grades upward
schist to phengite-quarrtz “schist P T
Although we onginally mrterpreted the adumelhize of the oL
Grouse Creek Mountains 10 be Phancrozon,
tFig. 8% reveals an ofd Precambran age. A wholc-rodk tvochron g
of 2,510 = 170 m.yv. was obtained from our dara, exciuding ine
two schistose rocks (10W-21-1a !

andd waee-

RERISEN Rnc too mcdiomegraes

hl\ SETON ! \.:!‘\;\]L-x HNIE SRl Sl
throuwh teidspart ..

are

e RbaNr dreeras

associared wath oo
metaguartzite in Muddv Canvon and che pogmane W97
from Ingham Peak. " The ren remaming sainpios snow appros
mately the same degree of scatier as those from the Clear ©reos
CJ"A\‘Un focal il\’ JL‘SDHL‘ thair ;‘C'n” MOTe e, ‘.!‘1"r'ﬂhuxg Jd.inded
the somewharoider age and lower " Se"Sr inrercept seem o sugy
amore rC’S(I"\.tCJ ‘\OfODC ACQIS "mun()n mn (HLSL {")Ll\\ XH JI'YI\U‘
the closely adjoiming adamellite gnerss (9w w7 : b
granodiorite gnewss (IW-97-192: gave no cvides
150tope homogen:izadon benween the :
matte laver (IW-37-19¢) which intrudes the adamctlite pnonss,
however, etther has undergone exchange
vounger,

The only sampics that have obviously undercone maror Chome s
reconstitution are the phengite-quartz schists | 1OW-21-1a
within the immediate border zone benwecn the basem
the overiving Elba Quartz;re The schistose rocks
SIroNIIum Isorope compositions but appreciably
_nu, consequentiv. vounger ages than the aucrss.

ether this efrec:

and b

REANN
we ol
The granioe pez

stronnten
WO ].J\LTS

or possibly s siightis

and In
EAL rOChS aNd

ave simtiar
Areher RBSr ranios

oo do not Know

arises from :nt'nmurphu difrerentanion e thy
cx:rcmc;y sheared rock or from . wirth th
vounger manthing rocks. The other, less detormed saumpices 1 10W -
11-42 and 4bi from Muddv Canvon show littie disturbance ot thorr
Rb-Sr systems even though they have recrvstaliized. The relations
between the rheomorphic and chemicai responses of the hasement

!HL‘&."A;‘AH!‘\AI NI

rock have not been adequately resolved by tiig studv: ey e
an interesting and important subject for further work.
3.90C
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Figure 8. Plot of Rb-Sr isotope data from gneissose to schistose adamei-
bee of centrai Grouse Creek Mountains. Data arc listed in Table 2. Circles
= Middle Canyon; squares = Ingham Pecak; trangies = Muddy Canvon.
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In order to determine whether the individual mineral grains had
equitibrated wotopically among themselves within a hand speci-
men. the pl.\L.m!nsc microcline, and biotite were analvzed trom
moo of the samples 99721 and 1OW-23-2a). The results, to-
corier wath those ol the whole-rock analyses, are givenin Table 3.
O this seale the minerals have rather recendy attained internai
.".mrmurm.mun of their strontum asotopes. Only the biotite with
as wery high RO Sroranio has evolved xsommc.zﬂv to 1 signrhuant ex-
Assuming that the honte
ki mmup.ﬂu m the exchanue, we were able to aatculate botite
and S mav. on these \Jl""lL'S
the results indicare that chemical mobiney
and. presumadly, clevared temperatures persisted in late Miocene
e i the \‘m:r.li Grouse Creek Mountains, a situanion sunilar to
track ages in the eastern Ratt River

fentateer NomoEezanon, Jid indeed

whole-rook noes of 119 I} our as-

i V‘"\)H\ JTC corredt,

Sl

that mdwcated by the Asston-
Mountams.,
INTRUSIONS

DATING OF TERTIARY

The Grouse Crees Mountains expose several vounyg gramng
acdies, showe mdnedually in Figures 2 and 3: (1) at Vipont Moun-
s, a0 the x\urmwcs( comer of the mapped area, 2
spaved stocks 1n and near Red Burte Canvon in the central pars: ot
the ranyge, and ‘3! the largt probably muluple intrusion near the
south end of the range at Immigrant Pass.

.
o closely

Vipont Mountun Intrusion

Tho hncated granodionte and adamellite of Viport Mountain in-
rruded all of the rock units in the lower allochthonous sheet bur did
avtintrude the middle sheet. The country rocks dip 3% to 20° west,
and the upper contacs of the intrusion is roughly concordant wich
them, bemng emplaced mainly below the quarrzite ot Ciarks Basin
but breaking across this unit toward the south and connecting with
shick slls in marbie of the Pogonip Group and the schist of
Mahogany Poaks (Fig. 9). The upper part of the intrusion and the
chow ergulfed and assumilated much of the
sirangraphie section, espedially the schist of Mahogany Peaks and
the upper part of the quartzite of Cilarks Basin. Possibiy because of
this, the upper pk.rr of the intrusion is banded bv varrably biotirtic
sdameilites, many bearing gamet. wherzas the main body of the in-
rrusion is homogencous gamet-free granodionte.

Age relanons ot the intrusion to deformational features are well

anosed. The nrst set of -nuvnorphu folds 1s deveioped locally in
‘x ¢y m«.ks JDU\L \nL mrrrusion bU no\\’neff n fnC ln'TUSl()"\
At of the hody s lincated parailel to the second set of metamorphic
iincanons in the country rocks. The country
rovns are exeepnionally high grade near the intrusion, the Pogonip
marble bearing garnet and pvroxenc, and the schist of Mahogany
Deing converted o ohum."usc-quanz-s‘iiiﬂnm:e-muscowLe-
gnetss in which sithmanite and biotite are iineated parailei to
the second motamorphic foids. The rocks of the middle allochtho-

aesociated sills som

tords and assodiated

W
foans
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- WHOLE-ROCK AGES FROM

nous sheet lving on these high-grade rocks are metamorphosed lit-
tle, 1f av all, so this part of the middle sheet must }*a»c been
emplaced after the intrusion cooled almost complerely.

The highest ving adamcilite wills are converted 10 several places
to sheets ot dark blastomyionite in which rounded rclus ot greous
teldsiar are surrounded by recrysiaihzed,
gramed quartz, biotite, and feidspar. Because
strongly hineated parallel to uv‘rtumcd
metamorphic Set i appears that th

rans of Ane-
:hcsc TOCKS are
toids of the second
¢ oadlodhthe sous shg' 4 >‘P GWI N

S\\H'IC

Figare 2 rode over the tntrusion \iurm; the seeond fording eoisode.
This reianon andicates low-angle taulning Junne the second

metamorphic foidimg,
The tocaiities of the an

their texrural

shyzed rocks are shown in Figure 9, and
sample 4,

and structurai teatures are as follows:

Cataclastic
granociorite

Figure 9. Geologic map and verucal section showing locations of sam-
ples used tn Rb-Sr studies of Vipont Mourtain intrusion. Contours doted)
and outline of Sec. 8, T. 15 N., R. W.. are from the Cotton Thomas
Basin 15" quadrangle. Arrows show plunges of folds and lineations. €cb =
quartzite of Clarks Basin (Cambran?) heavy supplei; €Emp, = schist of
Manogany Peaks (Cambran?; ‘blacki; Op = marbie of Pogonip Group
{Ordovidan) (unpatterned), O¢ = Eurcka{?} Quartzite {Ordovigan) ‘light
stippic}; Ofth = Fish Haven(?} Dolomite ‘Ordovicianj ;unpatterned}; and
Ta = Teruary adamellite and granodionte ‘cross-tracked:. Cross section,
which is enlarged from map, has honzontal and verncal scales equal.

PRECAMBRIAN ADAMELLITE., NORTHWESTEAN UTAH

Sampit Long Mineral Rb Sta T Rb *Se *Sr Sr Age
no. W ‘ppm: ‘ppm; Tyt
IN-YT-2 1139347237 Plagiociase i34 140 - 3.9 0.8880
K-feldspar 361 12 3.0 0.8897
Whole rock 166.2 98.2 4.9¢ 0.8883 11.9 = 0.2
Bioute 1,056 3.0 1,056 1.063 oo
TOW-23-2A 41°43°33" 113°42°23" Plagiociase 100 203 1.5 0.8348
K-feldspar 294 160 5.5 0.8426
Whole rock 170.0 138.0 3.6i 0.8391 } 80 = 0.5
Broute 917.0 11.6 232.7 0.861 T
- Calculated as bioure—whole-rock pairs. Decay constant: A = 1.39 x 107" yr™'
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TABLE 4 Rb-Sr ISOCHR'\‘.\' AGES OF WHOLEL ROCKS FROM TERTIARY INTRUSIONS, NORTHWESTERN UTAH
ampic Lat Lnng Rb St 7 Rl‘ “Sr *T S '"S» A
nee. N A\ ppmy ppm m o
Vipeons Moantam
QLY REERY? P119dK 4R (40 240 I~ (72"
4 aveT RN 124% TR NERE ISR
s 4T 113749710 i) 9T a3 SRR
5 417365k BRI IN il 4210 D BT e e
- 41758 e IEEET 2ln4 208 RESEE R
) AT JEREE 1 I 2312 26.3 MARCRY 0T 2Th
3 diesT 113949709 352 182 Ol 07104
Rod Butte € anvon
VW72 37390 1930 931 A T
41739747 RN §22 1512 fHTse2
IN-47-2C 4193947 2406 2.36 29K T D818
AWL472D 4173947 2355 T4 RV 0.7430 A -
94T 417397497 338.7 222 43.3 0.7249g
3W.47-10 4175974y 2657 §.22 933 0727
{mmigrant Pass
IW-39-1 113°44°59" 103.8 185 103 0.7102
AW-39.2 113°45°07" 246.2 6.34 1123 07716
9%'39-3 113°45°05 362.1 716 1464 0.7860
9W-40-2 1134558 210.0 0.7 493 0.7184 IR =2
13W-167-3 11341748 205.0 i5.4 38.00 0.7282
13W-167-4 113%41°57 152.2 So.4 T2 0.7 140
* Caleuiated trom least-sguares regression method of York 19665 See graphical representanion of thuese data in Figures 10 and 12, Decay wonvant:
Ao = 139 x 1071y~

lineared acdamellite from a 2.3-m sill in quartzite of Clarks Basin;
sample 3. lincated adamellite from a thick sill near or at the base of
the marbie of the Pogemp Group; sample 6, typical lincated
granodionte from the lower more homogeneous puart of the wtru-
sion: sample 7, muscovite- bearing .c,ucdechhrc part of a 1-
methick »e"ual dike in rhe rock of sample 6, moderately neated
raraliei to the roids of the second rr*c'amurpnu set; sample 8, mus-

covitic leucoadamellite from another part of the same dike as sam-
ple 7 sampie ?W-8-2 .8 anodicrite much like sample 6 bur more
deformed; and sample 9. marbie of the Pogonip Group, 30 m south

of the locaiitv of sample 3.

An attempt to define an g* tor the gramiuc body from Vipont
Mountain has not been successtul. Most of the anaivtical data
given in Table 4 anc shown 1l "H: ire 10 crudely mimic an ~500-
m.y.isochron, but the pluton intrudes rocks vounger than that. The
'eu‘ adamellite dike rock. which, trom tts high Rb Sr rano, appears
to have undergone considerable differentiation refative to the mam

tgneous mass. seemungly records a much vounger age. Field and
petrographic reianons suggest that the ~300-m.y. age was wargeh
‘Anerned unon ot lower

oy the -gneous rocks during assmnio
Pacozow o« t lower anochthonous sheet. i
5o gerived were not signincantly fracuonated in the process, an ap-
oroxtmate lower Paicozore sochron age could be transterred to the
The range :n ""RbA“Sr ratio so incorporated would impars
mgw v vanable imual sironum isotope composition tu the
magma. Assuming, for ¢xample, a Tertiary age tor the intrusion,
the PTSc#5Sr ratio would vary berween 0.710 and 0.730. Because of
this uncertaIngy in minal strontium 1SOtope COMPOSITION. We Cannot
precisely date even the rwo apparently differennated leucoadamel-
lite samples (7 and 8). If these rocks experienced no posterystaili-
zation disturbance, we can only broadly estabhish their age as lying
berween 0 and 30 m.y., depending on whar iminal 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 subscquent thorough homogenization
and differenniation does not exist in the other Tervary intrusions to
be discussed.

1

C.740r .
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Figure 10. DPlot of Rb-Sr 1sotope data from Vipont Mountain intrusion,

northern Grouse Creek Mountamns, Dara are listed in Tabie 4.

Stocks of Red Burtte Canvon

The two small Termarv stocks on the west side of the central
Grouse Creck Mountains are cupotas of an adamellite body that
lies close to the surface chroughout the central part of the range.
judging from the distribution of dikes and metamorphism of the
surrounding rocks. The upper concacts of the stocks are broadly
concordant with bedding in the westwarc-dipping. metamor-
phosed iower and middle allochthonous sheers and with foination
in the Precambrian adamellite. Discordant dikes of alaskite and ap-
lite from the stocks are abundant in the Precambrian adameifie
and in the lower and middie allochthonous sheets near the stocks.




Figure § 1. Photomicrographs, each of 1-cm area, showing textural var-
ations in adamellite of pluton of Red Butte Canyon. Top: weakly foliated
and lincated adamellite with subhedral plagioclase (P), unstramchquam
QL potassium-feldspar K}, and biodee (B). Bouom: s_lrongly hxjc:)ted
i gneiss 20U m beiow base of middle allochthonous sheet, with quartz in fine
: }ggrq:;uu: Q) and broote reduced 1n size and pard¢ altered to chlosite and
sphenc.

Rotated and parrly aleered inclusions of wail rocks occur in the
Ternary adameliite near s margins.

The Mrecambran adamellite and rocks of the middle sheer show
svidence ot marked thermal metamorphism over a distance of
;buu{ J.73 kin from the stocks. Recrystallization of n?merai grains
o e Precambrian adamellite paralle! 1o axes of the second
meramorphic folds was most intense near the Teriary stocks.
Cherty dolomite of the nuddle sheet was converted to tremolite,
dolomite, muscovite, and diopside(?) in a contact aureole centered
approximatcly over the stocks, indicating thar'post intrusive dis-
placement was nat large on this part of the middle fault. In con-
rrast. the upper sheet, locally only 200 m above the Tertiary body,
shows no thermal metamorphisim,

Aligned biotite grams define a weak foliation thar disappears
eradually toward rhe interior of the adamellite bodv. A faint west-
northwest to easi-west lineanion composed of quartz and feldspar
gramns and bronte aggregates can be seen on folianon surfaces and
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Figure 12. Plots of Rb-5r isotope data from stocks of Red Bucte Canyon
and from Immigrant Pass intrusion, Grouse Creek Mountains. Data are
listed in Table 4. Open circles = Red Butte Canvon; solid circles = Immi-
grant Pass.

in some thick dikes of alaskite and aplite. These fabric elements
parailel the foliation and second metamorphic lineation in the sur-
rounding metamorphic rocks, ncluding the Precambrian gnesss.
The biotite fabric and lineanion are moderate to strong within 46 m
of the Precambrian gneiss JFige 11 Over a honizontal distance of
460 m under the middle altochthonous sheer, Tertiary adamellite in
Red Burre Canvon is strongly gnetssose and markedly iineated by
microfolds and mineral grains. A zone of myloninzed adameilite
about 3 m thick occurs immediatelv benearh the middle sheer. Mi-
crofolds and strong mineral lineation 1n the mvlonite are parallel o
west-northwest—trending folds in overiving recronitic, thermaily
metamorphosed dolomite of the middle sheet. Thus, the intrusion
and crystallization of the Ternarv adamellite coincided with
movement on the middiz 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 vqual vol-
ume and roughly 5% biotite. Coarse-grained adamellite with
sparse, euhedral, 2- to 4-cm potassium feidspar phenocrysts occurs
locally in the inner part of the body. Abundant magmauc features
include euhedral feldspar phenocrvsts, synneusis aggregates, and
delicate euhedral oscillatory zoning in plagioclase. The core of the
bodv appears structureless, suggesting that it solidified after defor-
mation had ceased. Leucoadamellite. slaskite, and aplite in irregu-
lar bodies and dikes ranging fsom several millimetres to 100 m in
thickness occur tn and around the stocks.

All dated samples of the Tertiary bodv were collected from :he
southernmost part of the southern stock about 0.8 km north of
upper Ingham Creek. Sample 9W-47-2A ‘iliustraced in Fig. 11} is
homogeneous, weakly foliated biotite adamellite; 9W-47-2B is
fine-grained muscovitc adamellite from a 30-cm-thick. sharp-
walled dike in rock of sample 9W-47-2A; 9\W-47-2C is a muscovi-
tic aplite dike, 15 ¢m thick, intruded into rock of sample 9\W-47-
2B; and 9W-47-2D is aplite from several 6-cm-thick dikes approx-
imately 60 m from the collection site of samples 9W-47-2B and 2C.
Sample 9W-47-9 is aplite from a dike 20 cm thick, and 9W-47-1D
is from the center of a vertcal aplite dike 1.2 m thick. Other sam-
ples of average adamellite had "Rb™Sc and *7Sc”*St ratios similar
to that of 9W-47-24A,

The six samples from the southern stock define a whole-rock
isochron age of 24.9 = 0.6 m.y.. with an mnital ¥Sr™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 voung s attributable to the extremely high RbiSe
ratios present i the differenuated leucoadamelhite and aplite dike

ks. Also. evenf the sheht scarter observed in the sochron dia-

.m is a reflection of mmnal strontum isotope vanamiity, the
magma could not have been as heterogeneous as the one at Vipont
Mountain, The miual *"Se"%Sr rano, however, does imply some

rustal contmhunion to the magma, although the mtlo 15 Con sxd-
\mhh jower than would be acquired solely from meinng of the
nearby Precaimbrian adamethte basement rocks.

The intimate associatic
the various dikes that zutitand
genetic and. presumably, a temporal relavon. Thus, we teel
confident that this late Oligocene age applies not onlv to the dikes
but also to the entire intrusion and w0 the supenimposed sccond
metamorphic tabric, We further conclude from the lack of contact
metamorphic etfecrs in the upper allochthonous sheet that 1t had
not moved into 1ts present position at this time. This inter pretation
is compatible with field evidence sf‘uwma allochthonous sheets re-
sting upon upper Miocene beds (Fig. 2).

Fission-track data from the pluton >trr>ng~\ support the idea thar
even though the body was empiaced in fate Oligocene ume, it crys-
tailized and cooled tn Miocene time. One sample (13W-29-11) 15
*rom moderately gneissose adamellite from the northwest edge of

he northern stock, about 3 m from the contact with Pru.m.bxun
auamexlite flat 41°42749"N, long 1153%43°45™W). Zircon from this
rock gave an age of 183 = 1.9 m.y. . and apaute gave an age of
13.7 = 3.7 m.y. The second samp e 9W-99-39) came from a dike
of garnetiterous ataskite, I m thick, in the Precambrian adarnellite
about 25 m from the contact of the southern stock in upper Ingham
Canyon {lat 41°39°30"N, long 113°44'46"W). The apante from this
rock gave an age of 18.9 £ 6.3 m.y. These data suggest thar the
pluton continued o be heared for many millicns of vears afrer it

stallized.

Serween the main adamellite body and
| the adjacent country rock implies a

immigrant Pass Intrusion

The {argest and least xnown of the Ternary granitic bodies was
named the Grouse Creek p piuton by Baker {1939, [t consists of a
farge eastern lobe and nwo smaller westermn lobes (Fig. 5% Al of
these intruaed the middle ailochthonous sheet, bur the upper sHe&
is unmetamorphosed even where it is in contact with the western
lobes, so that it must have been emplaced here after theyv cooled.
The pluton cuts north- to northeast-trending folds in the middle
sheer, folds interprered to be of the first set. We have not vet estab-
lished the age relation of the pluton to the vounger set of metamor-
phic folds. Mapping to date indicates that the granitic rocks are not
distinctiv lineated. The ten thin sections examined, however, show
considerable low-temperature sirain, including kinking of plagio-
clase and biotite. A large /1 by 2 km) mass of Elba Quarrzite 1n the
southwest lobe (labeled a? in Fig. 2} has also been strained at low
temperarure.

All three lobes of the Immigrant Pass intrusion are mainiv biotite
granodiorite verg ging on adamellite. Textures are hvprdiomormhbic
granul ., with grains averaging 3 mm in diameter, aithough iocally
with scartered 1 0 2-cm grains. Garnenferous leucoadamellite of
about the same grain size forms thick dikes in the west half of the
body and a broad zone aiong the west margin of the two western
lobes. Diorite, svenodiorite, and similar rather mafic rocks are
abundant in the small southwestern lobe. Aplite and pegmarite
dikes are widespread and locally abundant in all the lobes.

Samples for isotopic dating were collected from cach of the three
lobes. Sample 9W-39-1 is from a freshly blasted roadeut in
" mogencous granodiorite typical of the central part of the south-

stern lobe; 9W-39-2 is from a nearby garnctifcrous

acoadamellite dike, 8 to 10 m thick, that intrudes the granodio-
rite; 9W-39-3 is from the finer grained part of an aplmc and peg-

AND OTHERS

mante leucoadamellite forming a 0.3- to l-m-thick dike in tvpical
granodiorite, 200 m northeast of the locality of 9W-39-1. Samples
13W-167-3 and 4 are dike rocks from the large eastern lobe of the
pluton; 13W-167-3 1s from 4 0.7-m-thick dike of homogeneous
aplite near the center of the lobe. and 13W-167-4 is from a 0.2-m-
thick dike of porphyritic alaskite about 400 m distant from the
other. The remaining iarvple OW-40-2 015 trom a0 3-m-thick aphite
dike m granodionte typicai of the northwestern fobe,

The six samples define a composite whole-rock sochron age ot
38.2= 2.0 m.v. with an ininal *'Sc™Sr ravo of 0.709 = 0.002 Ta-
ble 41 Fig. 120, This age, however, 1s controlied predominanty by
the two samples of dike rock from the southwestern jobe of the plo-
ton and should be applied strictiv only to this focaiity. Although the
other sample points hie close to the tsochron. ther fow radi emic
enrichments and the uncertamties observed elsewhere n il
*"Sr™Sr ratios combine (o obscure an accurate interpreraton. For
example, the one analvsis tor 1 sfmple of the large castern lobe
plots equally well on the Red Burte Canvon isodhron,

The present stage of the mapping aiso does not allow a determi-
nation of the relanye ages of the three fobes. Possihiv the lare
Eocene or early Oligocene age applies to the southwestern fobe
only. Armstrong (1970} determuined a K-Ar biooee age of 23,3 mov,
on granodiorite from the north end of the northwestern fobe, bur it
is not known whether thts result retlects primary crystallizacon or
later heating.

DISCUSSION

The fssion-track and Rb-Sr data from the pluron in Red Burte
Canvon ser one hrm date in the tectonic history: the second
metamorphic deformation was stll underway in late O|'&,0C"nc
time. A Miocene date for the end of metamorpnism is suggested by
the fission-track data from the aurochthon in the eastern Raft River
Mountains and by the Rb-Sr mineral xsoch'orts for the Precambrian
adamellite of the Grouse Creek Mountain

The Arst meramorphic deformanion pmmb!y ¢nded berore 382
= 2.0 m.v. ago, for the intrusion at fmongrant Dass curs through
large folds that are probabiy of that deformation. We have no odher
dates on this deformation, but i metamorphic minerals. fokd
forms, 2nd vertical distribunion 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 broadty. the first deformation was directed
at large angles, even 180°, 0 the west-to-east transport indicated by
overthrusts in the late Mesozoie and early Tertiary thruse belr Fig.
13, Activiry in the thrust beit must thus have ended before the first
metamerphic deformation. or else directions of transport vaned
greatly in the region. We have found no folds or other small-scale
tectonic features older than those of the first metamorphic defor-
mation. For example, countiess pebbles and cobbies in Precam-
brian units are tlattened and clongated inte simplie riaxial =ilip-
soids that iie parallei to 'Hc mezamorphic foid axes, and these forms
are otherwise oniy focally kinked on nort h'\l’Ll‘LilHC’, axes of the
postmetamorphic folds.

Postmetamorphic deformation and igneous acnivity were wide-
spread. variable. and tocally of large magnitude. Tecronic transport
during the period trom about 20 to 12 m.y. ago was eastward, as
shown by strongiv overturncd folds and by offsets of parts of the
allochthonous sheets, some traveling as much as 30 km. These
events led up to the deposition of the upper Miocene beds, which
record voluminous volcanic activity and rapid erosion of the
allochthonous sheets. Coarse detritus from unmetamorphosed
Triassic, Permian, and Pennsylvanian units makes up the lower
thousand or so metres of the sequence, and clasts of metamorphic
rocks appear at higher levels. This clast stratigraphy is so consistent
quer the entire area as to suggest that the sediments accumulated in
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road basins and that the allochthonous sheets were not broken by
migh-angle taules wieh large verneal displacements. The upper
VMiocene beds were then foided on approximarely north-trending
axes. and parts ot the nuddle and upper allochthonous sheets were
emplaced onto them. Finally, the prosent ranges formed. probabiy
i Phocene tme, and r'wults of basin-and-range tvpe developed
dong the casters rront of the Grouse Creek Mountains and {ocally
elsewhere.

With thar much overview of the history, we can turn to the gues-
non of what caused it Probabiy the most <ig'nﬁmm facts come
rrom the danng and structural study ot the Precambrian adameline:
1 the ennire area was underdam by a nearly flat-topped body of
great sirength and low porosity, from about 2.5 by, ago onward;
21 the metamorphic fabrics in the body, like those in the rocks
sbove it are dominantdy norizontal or nearly so; and (3) the fabrics
mtensity dewnward —— so rapidiy in the dcast
mezamorphesed Ccasterny part of the area as to be scarcely discern-
ible 30U m below the top of the adamellite.

These facts are dar'rikuit to reconcile with horizontally directed
compression of vither the .1d'1mcHitc or the lavered rocks above i,

Jecrease

which tends to ulc out tarustng Juring the peniod of metamor-
phism. Thu vertical msn% ution of strain also excludes
m[ras(ructurc-supr:mructurc models, such as thar proposed by

Armstrong and Hansen (1966 for this same arca.

A model proposed by Kehle 119705, on the other hand, scems
sutrable 1o the distnibution of detormarnion. His model has three
rock favers: a ngd basemene, a ductile intermediate layer, and a
fess Juenle upper laver. The lavers remain immobile as long as they
are horizontal or nearly so, but when they are tilted to some critical
siope, graviey induces shear in the ducrile laver. Rocks in the ductile
taver thus How laterally over the basement and carry the upper
taver with them. For the area studied, the basement was the Pre-
cambrian adamellite. and the ducnle laver included all the
metamorphosed rocks above 1t — part of the autochthon, aii of the
rocks of the lower alloct :t“onous sheet, and parss of the middie
sheet, Figure 13 s a simplified diagram, similar to those used by
Kehie, showing the relatve amounts ot' d‘splncivc strain at various
fepths, The relavon benween the ducnle laver and the overlving
cocks s pouriy known because of croston, but it s probably a gra-
dation,

Dur case Jdiffers from Kehle's simple three-laver model in that
major fow-angic fauits have deveioped. The lowest fault lies mainly
in the graphitic sehist of Stevens Spring, or at its upper contact, and

falt fwhich s apparently the one with the targest dis-

the midddle
phdcment; lies mandy n the metan mrﬂmsuﬂ organic shales of the
Mississippian, or ag their upper conract. Warer and organic Huids
were anguesttonably produced in these unus during thermal
Jiagenesis and metamorphism. These facts fit the general
mechamism proposed by Hubbert and Rubey (19391 the expelled
fiurds led to separanon and nearly fricnionless transiation of the

? 3K Joper ailiocnhthonous sheet
T N
N e mmm e m e~ -
____________________ - =
- —— 1
i
. h :
“rddlie allochtinonous sheet /
p— 7
= \
L Lower —.

\‘Scmslcse aoamellfte .\Quartzi(e and sheet ;

: Gneissose adameliite sehist of |
~—— Granutar adamelilite autochtnon ;
I\—— ;
Figure 13. Vertical section showing displacements of various parts of

autochthon and allochthonous sheets by flowage and low-angle faulting.
Heavy line indicates positions of points originally on dashed vertical line.
Strains are idealized 1o one movement plan. Actual slopes of surfaces are
unknown. Verucal dimensions are approximate and are depicted to scale
at ume that deformation started.
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allochthonous sheets. At the several places where we can determin
the dircenion of transiation, itis the same as the sensc of shear in th
ductife rocks above and below the faults.

It thus appears that both flow and fault:ng resulted from ther
maliv induced changes and were prodably driven by gravity. In
decdit s plausible that the enure deformavonai svstem was causeq
by wldtsprc.\d heanng and upiite. Tne greater degree of heatin,
imetamorphismi n the part of the area where granidc pluton
ocour suggests that more exiensive. subjacent plutons caused th)
heanng as well as the uphitc, pernaps torming a broad dome. Th
shape of the dome couid have changed with time, thus providing a
expiananon for the changes in direction of flow and low-angl
faulting as well as for the varied overtumn of foids with depeh an|
for the unequal gonling histories from place to place. The first set o
metamorphic folds would represent the west and north sides of ¢h
dome during that deformanion. The crest of the dome may hav
shifted to a position near Muddy Canvon during the second defod]
maton, for the folds north of the g:mvon are overturned to th
north whereas those in the middie and lower allochthononus shees
south of the canyon are overturned o the southwest. The cres
would then have shifted to the west, leading to large-scale eastwar,
cransport at the close of metamorphism and afterward. Finally, th
late Miocene basins suggest that large parts of the eastward-facin
surface sagged at that time. Even so, the recent cooling dates, th
contemporancous volcanism, and the emplacement ot subsidiar
sheets on the upper Miocene rocks suggest that heating and defor

mation remained closelv relared unul they ended, abour 10 m.y
ago.
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