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ApsrracT, —— Laramide bloek-like up-
lift. of the Precamhrian basement pro-
Auneed w fanlted mouniain mass, approx-
imalaly 27 sguave mileg in area, exiend-
ing zouthward Mom the central Bighorn
nnit, The cove of this uplitt contains
complexly tolded,  Toligted high-grade
metumorphic rocks,

FProcambrian rock types include peg-
weatite, amphilolite, marbie, cale-giliente
rock, felilspathic vock, biotite schisgt, and
amrhiboic rocks in additicn to the pre-
dominant gaeiss,  Schistosity, ninera-
Iogicul and lithelogical layering wre con-
formahle throughout the complex with
eroks-eulting pegmatites being the only
sreeption.  Thoese roeks are believed to
havoe originated from vegional metarmor-
phismy and luter alkali melazomatism of
supractusial rocka: Alkalt metasemat
ism, apparenlly 1 post-feclonic event
and porhapg a late stage of Lhe regional
matamorpliism,  cnlminated in peg-
matitizalion. 3Aineral wssemblagoes in-
dicate Lhe stawrvolite-quartz  subtacies,
and almandinc-amphibolite {facics of re-
gional metamaornhism.

The Iighorn Mountains (Tig. 1)
are a broad, asyimetrvie, aniielios
aplift betwoen the Powder River
Basin on the cast and the THehory
Basin on the west, The nocth ol
of the range rives in southern Mon.
tana, sontheast of the Pevor Range
Frorm wiieh iU s struetvrally  dis-
tiner  (Blacksicone., 18400, This
northern umit s asyvmnnetrical with
the steeper flank to the west, aod
loeally iy overthrust to the wesl as
in the Five Springs Creck area
(Wilson, 1934, Two subsidiary
anticlines wilth the same asymmetry

and trend as 1he northern unit
modily the gently dipping  eust
flank, An ill-defined fanlt zone

(Tongue River Lault zone) serves as
a bonodary belween the northiern
ane eentral seclors.

It the centeal unil, where uplift
was greatest. the sodnentary rocks
have been oxtensively removed and
muteh more Precambrian bascment
5 exposed than 1 the eombined
northern and southern units, More-
over, The structursl asymmetry of
tle central ot is opposed 1o thal
of the novthern and southern units,
Sieep dips with local  overlhrusts
bonmuled by fear Tanlls mark the
et [lanle whereas the wost side is
eharactorized by a gentle monoelinal
dip, Asyrometry of subsidiary lold-
ed structures at the northern and
soittliern ends of {he central wnit's
cast {lank coniorms to that of ad-
Jacent unils, Wor example, Waltker
Meumtain anticline at the novth end
af the centeal nnifl and West Billy
Croecl, Tleaver  Creele and  TTorn
ariielinal siructures ar the south
end have their steener flanks Lo the
wesl. whereeas the contral wnit prop-
er has its sleep flank to the east,

The soulhern unit s separated
from the central nnit by the Ten-
steep  lault.  Thiz  southern wuunit
trends north to north-mortheast and
iy asymmetrieal, -&ith  the steep
flank toward Lhe west; there are sev-
eral subsidiary anticlines wilth sim-
ilar asymmetry wlich trend north-
northwest. A norih-northeast trend-
ing high angle faull iy related to
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Froven 1.—Index map of the central Bighorn unit showing location of the Horn

aved [large arrow).

uplift of the sonthern uniit. Thig
fanlt Jdivides into subsidiary ones
at the somnthern terminus of the
runge whore the Bighorns join the
westward trending DBridger-Owl
Creck Uplift.

The 1Torn area {(Fiz. 2) which is
of primary concern herein, lies along
a portion of the enst flank and in-
cludes parts of both the central and

somihern units. A feature identi-
fied ag the Horn is a relalively smull
mountain mass whicl extends as a
horn-shaped prominence southward
Trom the central nnit. The TLorn it-
gself ig a bleock-like uplift of the Pre-
cambrian basement with its western
and southern houndaries sharply
delineated by the Ilorn fault. This
iz a high angle, reverse fault along
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IMraune 2.-—Geologic map of Lthe Horu area.

the western boundary but becomes central unit of the range. On the
a transverse fault along the southern  west, the sedimentary rocks have
bonndary. On the east side of the been drageed ints an overturned
upliff superjacent sedimentary rocks  syneline by wmovement on the IToen
dip moderately eastward in eon- fault. The over-turned castern limb
timmity with the esst flank of the of this syneline hecomes the western
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margin of the Tlorn, whereas its
normal limb  constitetes the ecast
flank of the sonthern Bighorn uwit.

GExTrAL DESCRIPTION oL
Prucavrriay Rooks

A wide variety ol Precambrian
metamorphic rock types are exposed
in what is veferred to herein as the
Ilorn  gneiss  complex, althongh
granitic ghcizs overwhelmingty dom-
inates,  Cross-entting and conlorm-
able planar pegmatite bodies, irreg.
wlar pegmatite masses and conform-
able lenses or pods of amphibolile
commonly are associnted with gneiss.
Amphibolite  characleristically  oe-
aurs ag small pods less than one or
two meters thick; rarely Is it found
in planar wnils of mappable size.
Pegmalites, too, are generally smail
geale fearures, Consegnently, onty a
small  proportion of the amphib-
olite and none of the pegmatite
bodiex are large enough to be shown
ot the geologic map and sections.
Liseally, biotite sehist oceurs and is
gradational inlo biotite gneiss. The
three rock iypes, granitic gneiss,
pegmatite and amphibolite are well
exposed, Other rare and poorly ex-
posed  rock Lypes, include hiotite
sechist, calesilicate rock, marble,
gquartzite, quarfz-hematite  schist
and garnetiferous rock., SBome of
these typos would probably not have
been diseovered were it not for nuy-
merons Lest pitg in the area.

Perhaps the most giriking sirne-
tural feature of these rocks is the
conformability of their foliation or
seltistosity with lithologic contacis,
With the exeeption of cross-cutting

planar and irregular massive peg-
matite, all rock types occur as in-
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terlayered, parallel or sub-paralle]
units.  This conlormability iz dis-
turhed locally, by complex minor
folding, leising, or boundinage cf-
feels. ln some oceurrences foliation
may  he obliterated by cataclasis,
bt the over-all parallelism of folia-
tion and the various roel units re-
maing a dominant characlerisiic,

GrANITIO GXUISS

Megascopic fealures. - The pranitic
grneisses arc fine- to medinm-grained
rocks, the color of which ranges from
light gray, to pink or (an, Lo dark grav.
Beveral varicties wore distinguished in
in the ficld on the basig of texture and
structure, irrespoctive of mineralegical
compogition.  The most common variety
is “mormal” graniiic gneiss having in-
distinet  to well-developed  foliation.
Other varietieg, listed in the order of
egtimated abundaneo, are: permoeslion
gneisz, porphyroblagtic gneisg, banded
nelas, augen gheiss, migmalitic gneiss
and veined sgnoiss.

Aineralogical varietics inelude qoavt-
zo-feldgpathic gneiss, guartz-plagioclase
gneiss and feldspathic pneise; cach of
Lhiesge may contain bhiotite or hornblende
or both ag the mafic varvietal(s}. (In
thiz papcr, the term  “quartzo-felds-
pathic” means thal quarlz, plagiocluse.
and potazgiurm feldagpar are pregeni in
gignificant, amounts)  Biolite quaretso-
feldspathic gneiss congtituteg the most
shundant varieiy., As the poereenlage of
microcline decreases this wvaricty  he-
vomes biotite guartz-plagioelase gneiss,
Feldspathic gneisz (in which gquartz iz
absent or minoe) was found only in the
vicinity  of marbles and ecale-gilicate
rocks.  Contacts between mineralogical
varieties are generally gradatioual, but
some are aharp and pavallel o foliation,

Banding in thc gneisscs is defined by
alternuting Telsie and malic laverg and
ig accentuated by grains of biotite and
hornhblende lying with flakes or long
axesg in the plane of layering., The felzic
layers generally consist of xenohlastic
guartz, oligoclase, and microcline with
munor amoeuntd of either biotite or horn-
blonde, depending upon which ig ilie
dominant mineral in  the asscciated
mafte-rich layers, Similarly, the mafic
layers are bhiefite-rich, or more rarely,
hornblende-rich, but some guartz and
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feldapar  woavally  are presept. Some
1hin Jayers (less ihan 3 mm thick)} may
consist exelusively of hornhlende, which
tends to be nore strongly segregaled
fhan Diotite, Gnedzses in wlhich biotile
is the dominant mafie varietal mineral
terid to be less distinetly banded. IHoro-
hlende gneisses, on Lhe other hand, show
a sironger development of compositional
layering; in the hornblende-vich layers
the hornblende prisms often are aligned
g0 a8 to deline alineation in the plane
of follurien. Within the folsic luavers
further sgegregation iz smuctimes pres-
ent; nuarly strizgers and lonses aod
plaginelage-rich Javers allernale wilh
gquartz-plagicclaze-microcline lavers.
Thisz iype of scgregation iz developed
conuponly only in the leueocratic va-
riglies of granitis gheiss.

Franitic  gneigees show  widespread
mineral Hneation which s muarked Ly
olongate aggreputes of biolile or horn-
Diende (streaks), or by the sub-parailel
alignment of hornblende prisms or ol-
lipsoidal biotite plates. Theo faet that
hornblende prism alignment iz more
comman than biotile lineation has heoen
alluded to; the latter jg 2een only in
areas of intense folding, Streaking and
lineation involving hornblende  align-
ment lie within the folistion plane and
are  developed commonly  even  where
strong folding ig not apparent, Foliation
goenerally is move pronounced than linea-
tion except in the axial zone of a majar
told.

Mineralogy and fextures, —— The pre-
dominani gneizges show a wide variety
of toxtural features and mineralopical
iypes in thin section. Gneiss generally
conziste  of approximately 80 percent
quavte, plagioclaze and wicroeline, with
the rematnder heing biotite and/or horn-
blende plus acceszories.

Quartz  oceurs  characleristically  as
Xenoblastic graing.  Lenses and lavers
of guartz aggregates clongaicd parallel
to foliation are common. Individual
cryatals of quarlz embay plagioclase, but
ponndaries with other guartz grains are
antired,  Strain effects are invariably
presant, in the torm of undulatory ox-
tinction and, lesg commonly, as defor-
matien lamellae, Commonly, very fine
fusually Tess thav .1 mm), round quarts
grains are enclosed by plagioclase and
mmicrocline.

Plagioclase feldspar is abundant in the
granili¢ gnelszes, having an antipathetie
rolation 1o potassium feldgpar, Individ-
twal eryatalg are ine- to medium-grained,
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hypidioblastic, usually polysynthetical-
ly twinned and sligltly allered. They
appear cloudy or dusty as 4 result of the
characteristice alteration io scervieite, kao-
linite and opidote.  Soricite alteration
often is preoferontially developed along
cieavape planeg  Hf'ecla of siress in
plagioclase are wavy, bonl, or rarely,
taulfed cleavage and twin plunes. Plagio-
clage compozitlon ranges ifrom An, to
Alty, the mean composition from defer-
minations madea in 21 thin sections being
Al Oligoclase may show albilie rims
that are free of alteration., WMyrmelile
commonly ocenrg along eontacty  with
microcline.

Potagzsinm teldspar, ranging widely in
pereentage from sample 1o sample, ig a
comstitnent of nearly all gamples, [ ex-
hibhits a variety of lextural relationahips
and unlike plaginelasc and guartz shows
ne strain etfcets. Where pregent in miner
amounty, it ocenrg interslitially and as
fine-grained palch replacements in plagio-
elase (incipieol replavement stapge). In
ruore advanced stagez of voplaccomont,
paotagsium lTeldspar ccenrs oither as dis-
sentinated medivmegrained crystals or
as microcline-rich layers, Coarse grainoed
subliedral graing of mocrocline character-
istically fuvm Lhe pornhyroblasts in por-
phyroblastic  gneigg,  Most  potassium
feldspar shows well-devaloped erid twin-
ning and iz inicroperthilic, the strings
or lenszes of albile being in positions
crystallographically  controtled by (the
microcline host, Crystals of microctine
are clear in eontrast to the cloudy plagio-
elase. A {hin gecllon showing a physma-
tically folded microcline-quartz “vein™
revealad that microeline j¢ much more
abundant in the gnefzg adjacent to the
“voin® than elsewher: in the rneiss.

Biotite is the usual roulic varietal, ve-
curring as fine-grained, ragged plates or
as fresh appearing  lepidoblastic crys-
talg. Il cuts across plagioclase, iz inter-
stitial in gunartzo-feldspaihic malerial
and has crystallized as flakes along shear
planes. A thin section at righl angles
1o the axial plane of @ microfold shows
that hiotite Hakes are srientad with their
{0013 eleavage paralle. to the axial plane
of the microfold. Mors commonly bhiotite
iz crystallized along shears parallal to
the fuliation. Absorption i strong {plco-
chroiam X — straw pellow, ¥ Z =
dark brown) and pleochroic haloes olton
ara well daveloped,

The alteration ol Bbiotite in  the
gueisses is far from simple. One thin
section  showed Lhree distinet altera-
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ticng: (1) chlorite and magnetite, (2)
bleached biotite and rotile needles, and
(3) muscovite. The rutile needles are
of interest bocause they may signify the
releage of Til, upon retrograde trens-
tormation from a higher temperatnre
assemage (DeVore, 1955).

Hornblende ig legs abundant than hio-
lite. It oceurs characteristically  as=
ragged prismatic to subhedral graing
that are strongly pleochrole (X = pale
greenish-yellow, Y = light grecn, 7 —
bluish-green or dark green), Some of
the larger graing may contain quartz
blebs and, less often, subhedral apatite.
The characteristic alteration is to epi-
dote, altheugh biotite, chlorite and mag-
netite are not unusoal.

Muszcovite {including sericite), api-
dote, allanite, apatite, sphene and zircon
are fairly common accessory minerals
whereas magnetite, hematite, lencoxene,
chlorite and garnet are legs comumon.
Muscovite oecars in gufficlent amounts
in some of the more sheared rocks to
warrant lhe desighation “two  mica”
gneiss. Such muscovite, having corys
tallized late, developed in part by re-
placement of biotile (it is often inter-
layered wilh biotite) and, in pari, by
forming lepidoblastic crystaly oblique to
foliation and cress-cutiing guartz, feld-
spar and bhiotite. SBericite, opidote-group
minerals, hematite, lencoxene and chlo-
rite arc alteration products wherecas
magnetite, apatite and sphene are as-
socialed with mafic varietals. Tu parile-
ular, aphene and especially apatite are
associated with hornblende. Jeucoxens
alteration Iz obhserved only on sphenc;
hematite most commonly ig on the mar-
ging of magnetite or in fractures om-
anating from magnetite. Expuansion
eracks usually are developed in plagio-
clazn enclosing metamict allanite grains.

PREAMATITE

Megazcople feafures. — Quartz-icld-
gpar pegmatites are widespread, Maost
pegmatites contain both potassium feld-
gpar and plagicclase; potassium feld-
gpar ig more abundant aithough a few
pegmatites contain plagioclage to the ox-
clusion ol potagsium feldspar. The ratio
of feldspar to gquartz is approximalely
1:1 hut often iz higher, espeelally in
pegmaliieg that are dominantly com-
nascd of microcline perthite and guartz.
Biotite, magnetite and muscovile are
voavse enough to ho recognized in the
field but other minor constituents were
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identified in thin section. A pegmaliie
may display a pink color owing to dis-

geminated hematite but pinkish-gray,
light gray or white colors gare more
LOLINOLL.

The pegmatites ocenr either as planar
bodies  or  irrepgularly-shaped  masses.
Planar pegmatites may cut across or
trend parallel to foliation. Conformable
planar pegmatites often are guite thin,
their thickness heing meoasured in inches
whereas, cross-cutting pegmatites gen-
erally are thicker, somotimes exceeding
10 feet although most are less than 1
foot thick. Irregular, massive pegpmatites
appear to have engalfed the country rock
inasmuch ag Lhey contain gneissie rem-
nants. Planar pegmatites tend to have
sharp contacts with the country rock
whereas in irregular pegmatitzs pound-
aries are gradational, Cross-cutiing
planar pegmatites commonly  exhibit
very sharp eontacts, fine-grained borders
and coarsc-grained central zones. Grain
gize iz more nniform in the irregularly
shaped pegmatite magses.

Minerelogy ond Tertures, - - Coarge
granoblastic texture predominates but
lovally graphic texinres have developed.
HBome microcline perthite crystals arc
goveral inches long, and these often con-
tain discrete guartz graing in cunei-
form shapes or as blche. In some cages
guartz and feldspar form regular inter-
growths of rods or plates. Generally,
however, quartz and [eldspar are xeno-
Hastic, Cataclastie [eatures are char-
acterisile in guarty and plagioclasc; in
Lwo eXamples wmorlar strocture was ob-
gerved.

Quartz ig generally avhedral, present-
ing serrate or sutured borders to feld-
gpat or itgelf forming & quarts mosaje.
dataclastic features, invariably shown
by guartz, occeur most comnonly  ag
undulatory extinction but deformation
lamellae werc noted alzo,

Plagioclase gonerally iz dusty with
acricite alteration. Tn wwany pogmalites
bent plagioclage lamellae testity to pre-
tectonie crystallization, Pegmalile pla-
gioclage iz generally more sodic than
viagioclase of the gneisses (albite is
characteristle of 1he pegmaliles, oligo-
clage of the gnelsscs). Rims of clear,
more godic albite may he developed and
myrmekiie ig obgerved on the border of
potassinm feldspar. In contrast to most
plagicelase, microcline iz clear and un-
atrained and gswally perthitic.

Minor constitucnts may ineiude bio-
tite, magnetite, hemurite, allanile, epi-
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dote, clincezoisite, museovite, hornblende,
diopgide, apatite, sphene, lencoxene, zir-
con, garnef, caleite, chlorite, Such con-
stituents locally may reflect the min-
eralogy of the country raock: pogmatiles
in hiotite gneizg contaln biotiis, pegma-
tites in hornblende gneiss contain born-

blende, pegtalites in diopside gneiss
contain  diopgide. pegmatites crogsing
amphiboliteg rick in  aphene contain

hornblende and sphone, ete.

AMPHIBOLITE

Megascopic fealures. — Amphibolites
in the Ilorn area are hlack to dark grey
or black and white, finc- to modium-
grained rocks consisting principally of
hornblende and  plagioclase,  Loecally,
coarse-grajned patchos consisting  ox-
clurively of hornblende have developed.
In some ceeuvrences a “salt-and-pepper”
appearance  is  mpalrted becanse of
seatiered plugioclase. In a fow exposures
quartzo-feldspathic material forms con-
formable layers, lenses or streaks: in
others it forms cross-catiing veins in
the amphibolite, At one locality, am-
phibolite and quartz-feldspar veing are
highly deformed. The over-ull appear-
ance suggests that the amphibolite wag
passively rolled in the surrounding,
more plagiic gneiss by the action of
tectonic transpor:.

Amphibolite generally ocenrs in hodies
ton gmall 1o be mupped but with three
principal hahits: {1} as conformuahble
mlanar layers; (£) as conformable pods
or lenses; and (3)  as  eross-cutting
planar bodies, Conformable planar am-
phibolite is abundant in the mixed rock
sequence (Fig, 23, Only one conform-
abic planar amph lolite was mapped but
it has significance becanse it serves as
u key horizon for structural determina-
tionz. Amphibolite lenses are widespread
Lhroughout the gneiss complex although
they are more abundant in certain zones.
Theze zones are marallel Lo folistion in
the surrounding rocks, guggeslting that
Lhe lenses once were connected. Only
two  ecross-culling  planar amphiholite
bodics were observed, both north of the
Tensleep-Beaver Creel  fuult in  the
uorthenst part of Precambrian exposure.

Foliation and linealion are conspicu-
ous. The lormer iz marked by the ar-
rangement of hornblende cerystals in
layers, or by the segregation of the min-
erals Into lighi and dark layers, whera-
as  lineation is often ovidenced by
aligned crystals of hornhlende. Many
nf the massgive appearing amphibolites
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gtow foliation. lineaiion, or both when
examined in thin section.

Miseralogy ond terviures. — Typlcal
amphibolite in thin scction hasg fine- Lo
medinm-grained crystalloblastie texture.
Hornblende is nematoblastic, cither lin-
eated or decussate. Plagioclase is usnal-
ly xenoblaglic, rauging in composition
from An, to Au, but sedic andesine is
mogt common. Hornhlende penerally is
altered Lo epidote or chlorite (usually
penntinite) or both, whereas plagioclase

gonerally iz altered to sericite. The
hornblende to plagicclage ratio vavies
widely, but in mozt spocimens it iz

alightly greater than onc. Coarse horn-
blende commonly is poikiloblastic. Tlec-
chroism of hornblende iz commonly X
— pale greenish-vellow, ¥ — light green,
Z Lluigh-green or dark green.

Minor congitituents  inelude quarts,
Binlite, sphene, apatite, dlopside, mag-
netite, microcline, allanite, and garnet.

erpetiferows and relefed rocks wsso-
régtad with amphibolite Exposed near
ithe center of the mapped, conformahble
amphibolitc in Secs. I and 12, T. 46 W,
R, 84 W, are some garnctiforous and re-
lated rocks, which indicate the composi-
Licn of the rocks prior to metamoerphism.
Despite poor exposuve, garnetiferons
gneiss was traced discontinuously For
over one-hall mile ag an appuarently con-
formable zove (ot zZones) within the
amphibolite body. Eelated rocks were
obzerved in a more restricted area
(AWl SELy, Sec. 1, 1. 46 N, R. 84 W3
Asaociated with garneliferous  gnelgs,
but in much smaller amounts, are gar-
netiferous  amphibolite, garnct-quartz-
enmminglonile  roel, lreinolite schist
and gedrite rock.

The garnetiferous gneiss has a rather
eomplex mincral eomposition including
yuarts, caleie oligoclase, red-brown hio-
tite, almanidine, cordiercite, sillimanite,
magnelite, hematile and opidote and Is
similar to kinzigite of European petrol-
ogiaig. Foliation is defined both by aub-
parallel orientation of lepidoblastic Dio-
tite Hales and by a tendency for the
lizht and dark constituents to be segre-
gated. This foliation is moedified by larze
almandine garnet porphyroblagts  (di-
ameters range from a few millimeters
th over two centimeters), Blotite foliae
were Lhrugt apart foreibly hy the grow-
ing garnet, and quartz recrystallized in
the pressure shadows, The garnct por-
whyroblazts are more noticeably poikilo-
blastic at their centera whereas theiv
marging are relatively free of inclnsions,
augeesting that at o late stage of growth
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the garnet was able Lo rid itzell of Zor-
cign material, Botl biotite and cordice-
rite show pleochroie haloes, Some of the
cordierite is altered lo “pinite.”

In sharp contact with garnetiferons
biotito gneigs ia o reddish-brown, hema-
tite-ztained garnel-guarty rock the fex-
fure of which guperficially resemblcs
that of a grit. T'nder the microscop: a
slightly  strained, fractured, coarse-
grained quariz mosiac iz scen to sor-
round and include xenoblzstic, poikilo-
blaztic, and fractured medium-grained
almandinge and lesger amounls of nema-
foblasrie, finc-pgrained cummingtonite.
Subrparallel  orientation, in  discreote
planes, of the prismatic coruningloulte
gived the mussive appearing rock a poor-
1y developed lincation and schiztosity.

Pale green and red mollled {remolite
schigt was collected in the loeality of the
garnet rocly,  Sehistosity resnlis from
planar  arrangement of fine-grained,
nematobluslic tremolite and poorly de-
veloped lineation s imparted by sub-
parallel alignment of amphiboles. ‘e
green and red colovs arce due, respec-
Lively, to partial alterations of itremoalite
lo chlorite plus fale and of magnetite
to homalile,

Purplizh-red godrite rock alzo iz as-
gocialed with the garnetiferous biokite

shaigs, The pedrite, an alumioouns va-
riety of anthephyllite, is asbeslilforn:
and largely alterad to tale and lesser

chlorite. Prisms of sedrite are oriented
perpendicular to sehistosity.

Amphibolites adjacent to the garnet-
ferous biotite gneiss also are garnedi-
ferous, Foliation in these amphibolites
iz expressed ag alternating lavers of vory
fine- and fine- to medinm-grained horn-
Tlende, quartz and andesine. The fner
grained layers are 4 - i§ inches (hick
whercas 1he coarder grained lavers mayv
excesd 1% inch, Buch lavers show o
tendency to be hornblende-rich or horn-
blende-poor. Hornblende-rich layers are
modilied by almandine porphyrohlasts
which are vimmed by alteration io a
complex of sericite, penninite, and epi-
doto.

BIARRLT: AND CALG-SIToAaT oK

Carhonate tocks arve exposed in a
relatively narrow  conformahble  zone
(Fig. 2). Kxcept for the norithernmost
exposure shown in Figure 2 they wore
investiguted by Sargent (1860) and
much of the following Is taken [rom hiy
Teport.

Transuctions Hhinols deademy of Sclence

Ioticted caleite wmarble, — This rock
is generally dark blne to white, having
fine- to coarse-grained granoblastic tex-
ture, The only consistent major con-
stituent is caleite, allbough magnetite-
llmenite, diopside, apatite, garnet (an-
dradite} and phlogopite occur locally in
conglderable amonnts, Minor econstitu-
ents  inelude mapnetife-ilmenite, diop-
aide, apatite, garnet, phlogopite, cpidote,
tremaolile, rutile, pyrite, chondrodite, al-
lanite, zircon, guariz, chlorite, brucile
and antigorite. Foliation is Imparied
by lepidoblagtic  phlogopite, nemato-
blastic tremolite or flaser stracture in
calcite. Deformation in the marble is
evidencerd by cataclastic eiTects in cal-
vite, diopside und garnet,

Quartzo-feldspathic gneiss and pesma-
tite, cale-silicate rock, amphibolite, telds-
pathic rock and magnetitedlmeonite a2l
form thin {usually less than a {oot)
interlayers, lenges or pods in the ealeite
marhle. Commonly, the intorlayers and
lenses are gently warped. Conlacts be-
tween folfaled culcite marble and cale-
2ilicate rocks are irrepular and grada-
Lional. whersas contacts of caleite mar-
bie with the othor vock iypes mentioned
are usually zhairp and regular.

Cule-giticate ook, - - 'The cale-silicate
rocks are hest developed adjacont Lo or
encloged in marble, Major conatituents
st diopslde and garnet (andradite);
minor consituents include allanite, cal-
cite, epldote-clinozoisite, hornblende, ac-
tinolite, magnetite, microcline, plagio-
clase (albite-oligoclase), sphene, chloriog,
guartz and zircon.

Mixen Book SEQUENCE

An interlayered zcguence of handed
amphibolites, migmatitic guartzo-felds-
pathic schistes and gneizzes and impure
quartzitcs wazg distinguished Yrom its
contiguous  gneisses for the following
reagons: (1) rocks in the soqguence are
mueh more highly differentialcd than
cleewhere In the gneiss complex, (2)
banded amphibolites are much more
abundanil than elsowhere, and (3) cata-
clagtic cifectz arc more pronounced and
better developed within the segquenco
than elsowhero.

These rocks were mmapped as a unit
and their distribution iz shown in Fig-
ure % Table 1 gives (he suecession and
thickness of i1he exposed rock units
within the seguence, Youngest {?) rocks
are gl ithe fop.
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Amphilotite. — Banded amphibolite
eompriscs nearly halfl of (he expoged
geguence. Amphisolite from the mixed
rock  2equence, in geonceral posscsscs o
better developed foliation than docs
amphibolile [rom other portions of the
complex, The constituent minerals are
vavionsly proporiioned in distinet lay-
ore. Typieally, fine-grained, ocuataclas-
Liecally granulated, andesine-quavis-horn-
hlende layevs alrernate with medium-
grained, hornbleade-rich layers. Thin
magnetite layers comimonly are asso-
ciatod  with  hornblende-vich  luvers,
uartz and plagicelase are granoblastie,
whoreas  hornblends iz nomatoblastic
dnd may be aligned to yield a lineation,
Home specimens, namely, the “feather
amphibolites,”  oontaln  aggremates  of
parphereblaztic ornbiende which poikil-
oblagtically inchuiles gquavtz, plagioclaze
and hornblende, and which are flattencd
in decuzgate arrangement oo foliation
plancs,  Hpidote-clinozoisite, zoigite and
chlurite are alteration produetg of horn-
Mende, and vlaginclase is often altered
Loy sericile or gericite and cpidote: how-
cver, the alteration is not uniform. Some
samples are Tresh throughout, wlereaz

ofthers appear severely aliered. Lven
within a gingle thin scetion,  altored
layers may alternute with rolatively

frosh layers,

Over-glli minerslogy gencrally is like
ihat off 1Lke previously described amphi-
holite salsewhere in the complex. al-
theough oro specimen departs from the
usual in that il contains abundant hio-
tite and quartz. it might belter be
termed hiotite-hornblendequarts gneisg,
Coarge, euhedral, blaclt tourmaline was
tound within g guartsfeldgpar segrega-
tinn contained in an amphibelite from
this mixed roclo sagquence,

GOuoertzo-feldapaihin sefiisl nnd gneiss.
--= T'hese roeks are similar to the lep-
tites of Breandinayian petrotogistze, Prin-
cipal minerals arc qguartz, plagioclage,
microcline and biotite but there is con-
sgiderable vuriation in the proportions.
At one extreme is quartz-biotite schist or
biotitie guartzitc. With more plagio-
cluge the 1ock i called quariz-plagio-
elaze schist. The nane, quarttzo-Teldaps-
thic bhiotite sehist, iz anpplicd whon
microcline bacomes g more important
constituent. With increasing grain size,
muscovite becormos promincent and the
rocks may be called guartzo-feldspathic
“twomica” gneisi, Quuartzo-feldgpathie
veing and lensed are abundant cnough
in some guartz-feldaspar-biolite sehisia lo

s, Wyoming
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warrant use of the term migmatile.
Ptygmatic folding iz well shown in some
migmatitos.

Textural relations of (he constituent
minerals are sgimilar to those in the
gneisges  described previously. Mieroe-
eline replaces plagioclase and muscovite
replaces biolite, asuully post-tectonical-
l¥; howover, in soine examples from the
mixed rock gseguencs, hoth miceocline
and mugeovite are cataclastically  de-
tormed aud rractured. In other cages
the wanal  situation prevails, that s,
clear, undeformoed microcline replaces
cloudy, deformead plagiociase.

Cataclastic features are abundant in
these rocks. Tndulatory extinerion, hont
plagioclasze cleavage and twin unitz arce
nearly alwuys present. In an extreme
case, eoarscr guartz cnd foldspar grains
form lenges wround which granulated
quartz and feldspar and tmicacoous ma-
{lerial appears to flow In anastamozing
gtrcams.  Biuch rocksg are terined augon
gneiszes.  In two lodationz phyllonites
wern obeerved. The massive appearing,
regislant guartrzo-feldspuathic unit at the
hase  of lhe sequerce wag called 2
fgranite S in the feld, bot in thin
seciion 1hig rock shows a well-developod
wortar structure. Thus: ecataclastie faa-
tares are vuried amd abundant in the
mixed rock seguence,  HBonded  guarfe-
hematile sehisl and wmpuve guorizife. —
These rocks were fowad at two loeadities
within the mixed rock sequence, The
localitics are stratigraphically sepurated
Ty more than 300 feot, and only a lew
feet of guartz-lematite rock is poorly
cxpaoscd in fost pits at each place

Banded quartz-amphibole rocks are as-
gociated with the ferruginous quartzites.
The guariz-hemalite achist consiste of
alternating W - 4 inch bands of guartz
and hematite. Flakes of homatite are
digpersed throughout the guartz bands,
awd small amounlg o7 fing quartz {chal-
codony?)  occeur within i1he hematite
bands, hut the zesregation is markaod.
Graperite Is a4 minor constituent, Mage-
nelite also ocenrs within the hematits
hands.

A thin seetion of hematite-atained
quartzite congisted of a fine-to mediam-
grained quartz mossic In which wery
fina-grained, aceeszory hornblende, cum-
mingtonite, garnet, hiotite and magne-
1lle are urranged in planes. The guarts
graing have sautured houndarics, and
their long dimension fends to parallel
the planes of acecssory minerals which
arg preserved to denote relicl stratifica-
Tinn,




250 Tronsoctions THinnis
Facins CLASSIFICATION AND
CoNDITIONS OF MEra woRPIITS M

According to Read (1952, p. 71,
traces of rTeglonal metamorphism
may be preserved in rosisler rocks
which may be used to reeonstruet
the  metamorphic  facies  before
granitization. TRosister rocks are
those exireme chemical iypes which
require a great exponditure of on-
erpy and  metagomatic  aetion  to
convert them Lo granile. Tn the
Horn area, resister rocks include
amphibolite, marble, cale-silieato
rock and quartzile. Becaunse of the
wide stability range of quartz, the
quartzites are of little use 1 deter-
mining metamorphic facies: how-
ever, the mineral assemblages of
amphibolite and carbonate rocks al-
low an accurate interpretation of
melamorphic lacies. The eritical as-
semblages are as follows:
Amphibolite

Hornhlendeplagioclase-epidote

{guartz-biotite}

Hornblende-plaginelase-atmandine-

epidote {guariz-hiotite)

Hornblende-plagioclasc-epidate
{diopaide-quartz}

Caleite marfile faffer Sargeni, 1960)
Caleite-diopside-phlogopite
Calelte-diopside-tremolite

{chondrodite-olivine)
Caleite-tremolite-phlogopite (epidole-
chondrodite-olivine)

Oale-gilicate vock fofter Saryent, [080)
Caleite-diopside-garnet-opidote
(-tremalite-plagioclase)
Caleite-diopeide-cpidote-plagioelaae
Nigpside-hornblende-epidote-tremelite
These are belioved to be equilib-
rinm assemblages of the staurolite-
quartz subfacies of the almandine
amphibolite facics (I"yfle, Tarner
and  Verhoogen, 1958, p. 229).
Metamorphism in almandine-
aiphibolite facieg covers a tempera-

Acudemy of Seience

ture range of perhaps 5507 to 7307
(!., and pressures normaliv between
4,000 and 3,000 bars (Turner and
Yerhoogen, 1960, p. 553). The prev-
slenve of amphiboles and micas in-
dicates high water pressures.
Dizequilibrium assemblages were

also observed in the Horn area.
High-grade metainorphic  assem-

blages commonly show local or par-
tial replagement by low-grade as-
scmbilages.

The follvwlng reactions have ou-
curred

plagrinelase — epidote, sericite, kaoli-

nite and more sndic plagioclaze

diopgide—amphibole

amphi])ole—)phlorite epidot‘e, biotite

cummingtonite—stale, chlorite

sadrite—tale, chlorite

grunerite—hematite, silica

Such reaclious are believed tu oe-
cur during  cooling  following the
main  high-temperature phase of
metamorphism, The modern inter-
prelation holds that these reactions
are limited by the lack of wates,
which was driven away dnriug the
high-temperatiure phase. The ncees-
gary water conld only become avail-
able by diffusion inward from some
external source {Turner and Ver-
hoogen, 1960, p. 305). Tn the Tlorn
avca mincrals characteristic of a
lower facies commonly oceur in
rocks strongly affected by cataclasis
This sugeests that reaction rales
were fasler m cataclastically gran.
ulated materials and {hat, perhaps,
the influx ol the neeessary water
way puided by the granulated zones,

PrETROGENFRIR

The oceurrence of thin, conform-
ahle rock lavers of undoubted sedi-
mentary parentage {(e.z., marble,
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gquartzite and banded quartz-hema-
iile schist) intimately associated
and  imterealated with gneiss and
amphibolite strongly sugaests that
the entire smeiss comples was lnitial-
1y of supracrustal ovigin. Schistos-
ity, as well as mineralogical and
lithological laycring are conform-
able throughout the complex; cross
sutting pegmatites are the only ex-
ceplion. Furthermore, on the seale
of the whole arvea, lhese fealnres
Form a tightly falded, complex anfi-
¢line. The ghost stratigraphy, Te-
vealed by resigter rocks, and the
largeseale  Tithologie  architeeture
are diffienlt 1o sxplain unless these

roeks  represent  transformed and
partially  granitized  supracrustal

rocks. A disenssion of the ovigin of
specific rok types [ollows:

Granilse gnetss. — Additional evi-
terin Lavoring an origin by regional
metamorphism and granitization of
supracrustal vocks for the gneissos,
in particular, inelude: (11 the oe-
enrrence of aecessory rounded #r-
Fong 1n Lthe pueiss, and (2) the band-
ed nature of much of the gneiss.

Although detailed zircon studies
were not atlempied, observation of
thin sections sugeests that the vound-
ed zireons are sedimentary relics.
Heldemann and Poldervaart {1957,
p. 12421244 made detailed ziveon
studies of metamorphic rocks of the
Beartooth Monntains which are sim-
Har in many respects to the rocks
of the Horn area. They concluded
(1957, p. 12500 . ““The high per-
contages of rounded zireons in all
the voeks favor thelr sedimentary
origin.’’

In regard to the genetic signif-
icance of banded sneisses, the follow-

\
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ing eonclusions of Thetrich (18580,
p. 997 are Lportant:

“The handing of nearly all banded
gneisses reflecls directly or refleets
rormation coutralled by supracrustal
layering.

©. ., presenlly obscrvable banding
ol many bhanded gnoisacs is probably
hybeid in that afler it waz formed
originally it was sobseguently muodi-
fied {commonly accentunated) as the
resull, of differential anatexis. permea-
{ion, metamorphic differentiation, oil-
furcntial cutaclasis, or some combina-
tion of zuch procosges”

1t is possible that the sedimentary
pareni of the quartzo-fuldspathie
aneiss was an argil aceous or pelitle
pock. The ehemical compogitions of
argillites and granites ape nol vastly
different and, aceording to Miseh
(1949, p. 2267 the addition of allali
and some silica will transform argil-
lire inio a vouk of granitic eomposi-
tion. Idvidence will be inirodnced
[ater whiclh supports this suggestion.

Pegmalite, —- Ramberg (1952, p.
248 eonsiders pegmatitization 1o be
4 phawe of granttizalion; pegmaties
observed in the Tloyn area coulorm
tu hig gonctic classificalion.

Mosl of the Horn area pegmatites
are the replacement (non-dilation)
pegmatites of Ramberg (1952). Cri-
teria I'or recogniticn of replacement
dikes were diseussad by Groodspeed
(1940%. Evidenee of a replacement
origin for many of the Horn peg-
matites ineludes: Tack ol offsot
of the gneissic layers on either side

of  cross-euntting woematites  (TMig.
2%, (2 relabien  of  pegmatite-

country roek mineralogy (p. 246).
{31 external rim of ferromagnesian
minerals (Fig, 4.7, (4] undisturbed
inclusions and ralies of wall rock
struetare, and {3) varialions in
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Bighorn Mountain

2 veglonally metamorphosed terrain
of the novthwesl Tlimalayas.

The ealewilicate  rocks  inchude
types intermediste i composition
belsween marhle and quartzo-felds-
pathic gneiss,  Savgent (1060, p.
108% suggests ithat they may reproe-
sept caleereons arvgillites or argil-
Taceous limestones  (dolomites),

Guarnefifersiy rock. — The parne-
riferpus  roeks, being  conformably
enelosed Inan amphibolite *fresis-
tor!, were well slielded from altkali
melasopatism,  Thus the warnetil-
erong ghneiges may reveal the chem-
el composition of the sedimentary
rock priov to granitizalion, The
pelitie mineral asscmblage deseribed
Tor the garnetiforous gneiss (kinszi
wilel v glrong evidenee supporting
the nelion thai the gquartzo-leld-
spathic pneisses were derived from
argillaceons rocls, Alkalil metasoma-
tism of argillites will form polagh
ard goda feldspars with pure aluo-
inoin silicales Leecoming an nnstable
phase.

The gedrite and eumimingloniia
rocks associated with the garnclif-
ecrous rocks probably resulted from
loeal Me-Al melasomatizm.

Bonded quartz-hematite sehast,
Accessory hornblende, ewrmiminglon-

ite, garmet ard  magneilite  {ar-
ranged in planes) have heen de-

geribad previouwsly and intoepreted
as  wmarking  relict  stratification
plancs in guarizite.  These acees-
sorieg are belisved fo represent, not
relict heavy mincrals, but ferrmagein-
ous, caleareous, aluminong impur-
ilies in a very fine-prained siliceony
sediment (chert or siliceous Intile).
The quartzite sid associated quartz-

253

5, Wyoming
homatite sehists are believed to have
originated in the following way.

Higlh-grade regional metamor-
phisin of chert-siderite, chert.
ereenalite or interzalated e, Mg
-—rich  ¢lay  and  siliceous  lutite
yvielded  a  quartz-magnetite-grun-
ertte layercd rock. lmier oxidation
by hydrothermal (1) solntions eansed
magnelile 1o go 1o lLemafite and
grunerite 1o o to hematite plus
silica. The ocenrrence of a chalee-
deny vein wilth combstetelioe in a
hematite-rich band Iy Lovther indi-
eation. of late hydiothermal (2] we-
tion. The effeets of the oxidizing,
lyileothermal( 27 go utions wore very
minor, being recogn zed only in thege
vacks. The age of this event ean
orly be given gs posi-imetamorphisi.

Nuimeary of petrogenesis, ——- (1.3
Supracenstal rocks, dominantly are-
eillaceous bnt locally siliceous, cal.
caiccons, maenesian or Terraginous,
wore depogited. Voloanie layers probe-
ablyv wore miercalated with sodi-
wentary layers. (2.7 Regional moeta-
morphisin  with  synkincnstic nee-
crvstallization and reervstallization
i amphibolite fages formoed com-
plexly Tolded high-grade metamor-
phie rocks. (3. Alkall metasoma-
tism was a late phase of the regional
melamorphism  and  culminaded in
pegmatitization, Such rocks as am-
phibolite, marble, zale-gilicate vock
upd quartzite were  relatively un-
allected by this metasomatism. (4.}
The last phase ol regional metamor-
phism seleetively formed rocks of
ereenschist Facies, The reactions arn
belioved to have been Influenced by
sueh factors as pH,O and pCo,
which in turn were controlled by
cataclastic features
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_'J‘Am,j-_' . — Succeagion and thickness
of rock unity in the inixed rock geguence,

ROCK TYPL

THICKNRESS

(feel;

Banded amphibolite .......... .. s
Buanderd “feather amphibolite™ .. 12
Biotitie quartzite ... ... ... ..., 12

Caonformahle quartz-plagioclase

pegmatite ... Lo 3
Micacoous guarlzile with lenses (JI
pegmatitic quarly, albite and
muscovite ... {4
Garnetiferons  quartz-plagloclase-
hiotite schist ... ..., . ... .... [
Bandad amphibolite ......... ... 17
Quartzo-feldspathic biotite schist. 42
“Feather amphibolite™ .. ... ..., 1
Guariz-plagioclage-biotite gehist. . 15
Covered e e 5
Quariso- felﬂbp'li.hlc hintite schist. 5
Covered ... .. ... ... 36
Banded amphibolite interlayered
with ehlorite schist ... ... 3060
Coavse biotitooligoclase rock wilh
minor almandite, guurix plagio-
claso biotite schist and banded
quartz-hematite schist (poorly
expoaed] Lo Al
Micaceous guarlze-feld=pathic
greigs with minor interlavers
of handed samphibolite ... ... 120
Quartz-hiotite amphibolite (... ... 1N
Micaccons gquartszo-feldspallic
gneisy interlavoered with guarts
biotite sehist ... . oL 76
Covered ... oo 12g
Quartzilic rocks including banded
quariz-hematite zehist, and
handed quartz-amphibole, horn-
hlende, cumminglonile-grutoer-
ite, actinolite (%) rork ... g
Covered ... . .ot 118
Quartzo-feldspathic rock with mor-
tar slruetare .o 1
1 ﬂ?‘%
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