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ABSTRACT bars) is associated with the intrusion of the that this early crust was repeatedly reworked by
Bridger batholith and formation of the D;and  later Archean events (Frost et al., 1998). Its his-
The Archean rocks of the Wind River Range D, structures. The D, structures of the South  tory of early cratonization is shared by the Slave,
in western Wyoming record a Late Archean Pass sequence record Mwhich is lowP (~2-3  Nain, and Minnesota River Valley provinces,
history of plutonism that extends for more than  kilobars) and low T (~500 °C). The final meta- small cratons that ring the Superior and Churchill
250 m.y. The range is dominated by granitic morphism, M, is a contact metamorphism provinces (Hoffman, 1988).
plutons, including the 2.8 Ga Native Lake around the Louis Lake batholith. In the south
gneiss, the 2.67 Ga Bridger batholith, the againstthe South Pass sequence, the metamor-SUMMARY OF THE GEOLOGY OF THE
2.63 Ga Louis Lake batholith, and late 2.54 Ga phism occurred at ~3 kilobars and at tempera- WIND RIVER UPLIFT
granites. These plutons provide a means of dis- tures <700 °C. In contrast, in the north where
tinguishing the complex metamorphism and the Louis Lake batholith is charnockitic, the The Wind River Range, a northwest-trending
deformation that affected the range in the Late  metamorphism occurred at 6 kilobars and uplift in western Wyoming, exposes Archean
Archean. Five deformation events are re- 800 °C. This pressure gradient is probably are- rocks over an area of more than 10 006.Krhe
corded. D, is a penetrative deformation that oc-  flection of tilting of the Wind River block dur-  range is composed almost entirely of high-grade
curred during the earliest granulite-facies ing the Laramide orogeny. gneisses and granites that were thrust to the west
metamorphism; D, is a folding event, probably The composition of the plutons and the over Paleozoic and Mesozoic sedimentary rocks
in amphibolite facies, that deforms porphyritic ~ structural and metamorphic history of the during the Laramide Orogeny 40—-80 Ma. The
dikes that cut the D, fabrics. Both D, and D, Wind River Range indicate that during the thrust, which is sparsely exposed, has been
predate the intrusion of the ca. 2.8 Ga Native Late Archean this area occupied the active shown seismically to extend to depths of more
Lake gneiss. Qis a folding event, accompanied margin of the Wyoming province. This tec- than 15 km (Smithson et al., 1978). On the east,
by upper amphibolite to granulite metamor-  tonic environment is similar to the long-lived the Precambrian rocks are covered by Paleozoic
phism, that deformed the Medina Mountain se- Phanerozoic margins of North America. The and Mesozoic sedimentary rocks, dipping on av-
guence, a sequence of rocks that was either de-Wind River Range represents the best-docu- erage 15° NE into the Wind River Basin. The up-
posited or thrust upon the Native Lake gneiss. mented active margin of Archean age. lift plunges gently to the north in the north and to
D, is a fabric-forming event associated with the the south in the south, which suggests that the
Mount Helen structural belt (MHSB). Itisrep-  Keywords: active margin, Archean, metamor- deepest levels are exposed in the central-west
resented by mylonites in the MHSB, a penetra- phic petrology, structure, tectonics, Wyoming portion of the range (Mitra and Frost, 1981).

tive fabric in the Bridger batholith, and folding  province. Most of the basement in the range consists of
of the D, structures in the Medina Mountain granites and granite gneisses (Fig. 1). Frost et al.
sequence. We consider [and D, to be coeval INTRODUCTION (1998) recognized four distinct ages of plutonism

with the emplacement of the Bridger batholith, in the range. In this paper, we use the relation be-

and hence to date at ca. 2.67 Ga. The latest The Wyoming province is the most southwesttween these plutons and various metamorphic
structures (D) are fabrics associated with the ern of the Archean provinces of North Americaand structural elements in the surrounding
folding and thrusting of the 2.65 Ga South Pass It has a geologic history that is distinctive fromgneisses to unravel Late Archean plutonic, sedi-
sequence. that of the Superior province, the largest Precanmmentary, metamorphic, and deformation events
We recognize at least four metamorphic brian craton within North America. The majoritythat occurred in the Wind River Range. These

events. M is associated with the Dfabrics and  of the Superior province formed rapidly betweemplutons include:
occurred at high T (>750 °C) and highP 2.7 to 2.8 Ga (Card, 1990; Percival et al., 1994), 1. The Native Lake gneiss, a locally deformed
(~7-8kilobars). M, (650-750 °C and 4-5.5kilo- whereas isotopic evidence indicates that thealc-alkalic pluton in the Washakie terrane with a
Wyoming province was cratonized before 3.2 Gareliminary zircon U-Pb age of ca. 2.8 Ga (Frost

*E-mail: rfrost@uwyo.edu. (Wooden and Mueller, 1988; Frost, 1993) anénd Frost, 1993).
'Deceased.
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Late Archean plutons, 2.55 Ga granites

Louis Lake batholith, 2.63 Ga batholith, locally
e charnockitic

Figure 1. Geologic map of the /
Wind River Range compiled s
from Granger et al. (1971),
Worl et al., (1986), Koesterer
et al. (1987), Marshall (1987),
Hulsebosch (1993), and our un- v
published data. Boxes outline ar-
eas discussed in detail in the text. Pinedale
These are: (1) Dry Creek—Bob -
Lakes—North Fork Bull Lake

szl South Pass sequence, 2.65 Ga volcanic rocks
R and greywackes

Bridger batholith, 2.67 Ga batholith, weakly
S metamorphosed

Mt. Helen structural belt

Migmatitic gneiss

Creek region, (2) Medina Moun- 42745 Washakie block, 2.8 Ga or
tain area, (3) Crescent Lake older gneisses
. 109°45" %
area. Dots locate samples used in N s 110" Log°w
thermobarometry. Kilometers T Q%
-
0 25

R =g
N, <,
Wind River Range

Trace of buried Wind River thrust

Wyoming

2. The foliated Bridger batholith, which hasolder and are presumed to be associated with NaETAILED GEOLOGIC HISTORY
been dated at 2670 + 13 Ma (Aleinikoff et al. tive Lake—aged plutonism (Frost et al., 1998). We
1989), and which makes up a major portion o$tudied two areas where these migmatites con-We have identified a record of geologic events
the northern part of the range. tained infolded belts of supracrustal rocks, one im the Wind River Range that spans more than
3. The undeformed Louis Lake batholith, whicithe Medina Mountain (Fig. 1, area 2), and ani billion years (Table 1). To characterize the rela-
was intruded at 2630 + 2 Ma (Frost et al., 1998)pther in the Crescent Lake area (Fig. 1, area 3)ve age of events within the range, we have de-
4. A series of latest Archean plutons that have 3. The South Pass area, on the southern margémmined the relation between deformations dis-
not been dated precisely, but for which Stucklessf the uplift (Fig. 1), which is dominated by a seplayed in the rocks and the plutonic events
et al. (1985) suggested an age of 2545 + 30 Mguence of weakly metamorphosed supracrustaltlined in Frost et al. (1998). Because most
Included in this group are the Middle Mountairrocks. These rocks, which we call the South Pasgructural elements are present in some areas and
batholith and the granite of New Fork Lakes irsequence, have been the subject of many studassent in others, we use the following convention
the northern part of the range, the Bears Ears pl(Bayley et al., 1973; Harper, 1985; Hull, 1988;for naming structural elements. We assign a sym-
ton in the center of the range, and isolated grahtausel, 1991). bol to a given deformation event (i.e.,,D,,
ites at South Pass (Frost et al., 1998).
Three areas within the Wind River uplift are

particularly critical for unraveling the geologic TABLE 1. GEOLOGIC EVENTS IN THE WIND RIVER RANGE
history of the range. They include: . Event Age Where found

1. The Washakie block, a sequence of gneiss (Ga)
that occupies the northeastern portion of thbeposition OL early supracrustal rocks, granulite

. . . metamorphism, D, >2.8 CL, MHSB, MM, WB
Wind Rlve_r Range (Fig. 1, area 1) (Fros_t_et al'Intrusion of porphyritic dikes >2.8 CL, MM, WB
1998). This coherent package of tonalitic anp,y: folding of D, fabric and porphyritic dikes >2.8 WB
calc-alkalic gneisses lacks the intense migmafintrusion of Native Lake gneiss _ ca.2.8 CL, MM, WB

. iated with the Brid batholith Deposition of Medina Mountain sequence, metamorphism,
zatlo.n assom.ate wit € bridger batholith an - anq p,,: folding of these rocks. 2.7-2.8 MM
provides an important window into the earlielEmplacement of the Bridger batholith, and D,: formation
history of the range of Mount Helen structural belt and folding of D, structures 2.67 BB,CL,MHSB, MM, WB

; . Deposition of South Pass sequence, metamorphism, Dg:

2. A complex migmatite that surrounds the folding of SPS and thrusting onto Wyoming craton 2.65 SP

Bridger batholith in which isolated fragments ofintrusion of Louis Lake batholith, contact metamorphism 2.63 LL, SP
-Intrusion of Late Archean plutons 2.54 All of the range

older gneisses survive within an area of fEISIIntrusion of Proterozoic diabase dikes 1.47 Al of the range

neosomes (Koesterer et al., 1987) (M.arSha.' Abbreviations: BB—Bridger batholith, BE—Bears Ears batholith, CL—Crescent Lake area, LL—Louis Lake
1987). Some of the neosomes in the migmatibatholith, MHSB—Mount Helen structural belt, MM—Medina Mountain area, SP—South Pass, WB—Washakie

are of Bridger age, but some of them are clear?ock-
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Figure 2. Structural domains in the Wind River Range.

etc.) with an older event having a lower numbeEarly Supracrustal Rocks and the D Event
in the subscript. Each fabric element is labeled

limbs of the F ,folds, and we designate it a5,S
(Fig. 4). Where the rocks are in granulite facies,
the preferred orientation of granulite minerals lies
parallel to $, Thus, we conclude that at least the
later stages of Poccurred during granulite meta-
morphism.

It is unclear whether the supracrustal rocks
were deposited on the gray gneisses, are in tec-
tonic contact with them or are intruded by the
gray gneisses. Locally, we have recognized D
folds and granulite assemblages in the gray
gneisses. This fact means that at least some of the
gray gneisses were present during the earliest
structural and metamorphic events recognized in
the range.

Porphyritic Dikes

Porphyritic, weakly foliated amphibolitized
dikes cut the Dfabrics in the Washakie block.
These rocks are invariably boudinaged so that in-
dividual dikes typically can be traced for less than
a hundred meters. Trains of boudinaged dikes
however outline the [folds that also deform the
D, fabrics. This is clear evidence that the dikes
were intruded between thg 8nd D, events. Por-
phyritic dikes that cut Dfabrics are also present
both in the Medina Mountain area, where they are
called the Victor dikes (Koesterer et al., 1987),
and in Crescent Lake area (Marshall, 1987). Be-
cause the porphyritic amphibolite dikes show
similar textures in all three areas, and because the

with twin subscripts—the first refers to the defor- The oldest deformation event identified in thesross-cutting relations are the same, we consider
mation event and the second to the generation Wfind River Range, a penetrative deformation aghem to represent the same magmatic event, and

that particular feature within the event.

sociated with granulite metamorphism, is beghe term Victor dikes is applied in all three areas.

We divide the Wind River Range into fivedisplayed in supracrustal rocks from the
structural domains (Fig. 2). The oldest is in th&Vashakie block. Rock types in this associatio®, Event
Washakie block, in which younger fabrics are atinclude metaperidotite, metabasalt, sulfidic
sent or are present only as sparsely occurrimgetaquartzite, semipelitic gneiss (with lesser The § ,schistosities in the Washakie block are

cross-cutting mylonite zones. The dominant fabamounts of calc-silicate gneiss), pelitic gneisdplded into broad folds that have a weak axial-
rics in this block were produced by thedhd D,  and iron-formation. Most of the rocks carry upplanar schistosity that can be recognized only in
events. This block is bounded on the south by@er amphibolite-facies assemblages; howevethe fold hinges. On the basis of the shape of these
major deformation zone, the Mount Helen structhey locally preserve granulite assemblages. Thislds, we have divided the Washakie block into
tural belt (Granger et al., 1971). Thigbne has rock association, along with its local granulitewo domains, which are separated by the Dry
thrust displacement and separates the Washakietamorphism, is widespread throughout th€reek Ridge Structural Zone (Fig. 3). In the Dry
block from a domain where the earlier fabricsange and occurs in the Medina Mountain are@reek domain, these folds are relatively open and
have been largely obliterated by the BridgefKoesterer et al., 1987), Crescent Lake areplunge at ~45°E (Fig. 4A), whereas in the Bob
batholith. A weak gfabric is found throughout (Worl, 1968; Marshall, 1987; Sharp and Essené.,akes domain the folds are nearly isoclinal and
the Bridger batholith and older fabrics occur 104991), and Mount Helen structural belt (Hulseplunge ~30°E (Fig. 4B). Because the Victor dikes,
cally in this domain. For exampleglabrics are  bosch, 1993) (Fig. 1). In these areas, howeverhich cut the $,fabric, are folded by these later
recognized in the Medina Mountain area (Fig. llater migmatization has disrupted the supracrusttlds, we conclude that this folding event is a dis-
area 2), and Dand possibly Dfabric elements sequence to the extent that early fabric relationimct deformation event, which we calLlD

may occur in the migmatites on the southern arate obliterated. Foliations and lineations from the Dry Creek
northern margin of the Bridger batholith. The In the Washakie block, supracrustal rocks oand Bob Lakes domains are plotted on stereo
youngest structural domain in the range is deur as lenses that may extend for a kilometer dliagrams on Figure 4. The foliations measured
fined by Oy deformation of the South Pass semore (Fig. 3) interfolded with gray gneisses. Irare dominantly $,. D, produced weak mineral-
quence. Most of the central portion of the rangseveral places they clearly occur in the keels gireferred orlentatlons in the fold hinges that are
is underlain by directionless fabrics of the Louigight, isoclinal F; ,synforms. Locally within these easily distinguished from the compositional lay-
Lake and Late Archean batholiths, which weraynforms, refolded isoclinal,; folds occur. The ering that is distinctive of S, Distinction be-
intruded after [, major schistosity in this area lies parallel to theween lineations is ambiguous. The,fevent
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Wind River Indian Reservation

Geology of the Dry Creek Region,
Wind River Mountains, Wyoming

Explanation
[ 7] Quaternary alluvium
[\ ] Proterozoic diabase dike
Archean

Bridger batholith
Bridger migmatite

== Mt. Helen structural
zone

pinguinguiey
E Dry Creek Ridge
structural zone

[%d Native Lake gneiss

Native L ake migmatite
Dry Creek gneiss
undifferentiated gneiss,
Dry Creek domain
I:I undifferentiated gneiss,
Bob Lakes domain

|:| gray gneiss

- supracrustal-rich gneiss

\VS axial trace of f, ; antiform

ﬁg axial trace of f, 1 synform

Figure 3. Geologic map of the
Dry Fork—Bob Creek—Bull Lake
Creek region (area 1, Fig. 1). Map
covers portions of U.S. Geological
Survey Bob Lakes, Fremont Peak
North, Hays Park, and Ink Wells
7.5 Quadrangles. Geology by
B. R. Frost, T. Hulsebosch, and
K. Chamberlain, 1982—-1995.

produced linear features {l) that are seen Lakes domain, where the folds are nearly isocleurrence, itis migmatitic, hosting inclusions of all
mainly as parasitic fold axes and crenulationsial. We interpret this difference to result fronthe older rock types discussed above. In a few
There are also L, lineations associated with thethe transposition of the L, into parallelism areas, such as north of Crater Lake (Fig. 3), mas-
F, ,folds. The L, , lineations are easily recog- with the L, , within the Bob Lakes domain sive enderbites grade into typical amphibole-bear-
ing Native Lake gneiss. In most of the rest of its
exposures, the Native Lake gneiss has a texture
similar to retrograded charnockites—the horn-
blende and biotite form clots rather than distinct

nized in the suprécrustal rocks, where they forr(Fig. 4).

as crenulations and minor folds parallel to the

F, ,fold axes, but they are not so easily distinEarly Migmatization
guished in the surrounding gray gneisses. Those
lineations that we could clearly identify ag .

The early migmatites in the Washakie block argrains. The hornblende and biotite in the clots are

were not plotted on Figure 4. Nonetheless, therepresented by the Native Lake gneiss, a weakpoikilitic in thin section, with numerous inclu-
is a rather large scatter of lineations from théliated to unfoliated calc-alkalic pluton that wassions of quartz. These textures are similar to those
Dry Creek domain, and we conclude that a faiemplaced late during or post:IThis is the earli- produced by secondary biotite and hornblende in
number of the lineations in Figure 4 formed beest body for which we have a direct age; it givesharnockites in which the pyroxene has been par-
fore D,. This is indicated by a larger scatter olJ-Pb zircon dates of ca. 2.8 Ga (Frost and Frogtally hydrated. We therefore infer that at least lo-
lineations in the Dry Creek domain, where thd.993). There are a few localities where the Nativeally the Native Lake gneiss was originally py-
D, folds are relatively open, than in the BoblLake gneiss is inclusion-free. Over most of its ocroxene-bearing.
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f2,1 (Fig. 5) (Koesterer et al., 1987). The metasedi-
A mentary rocks within this sequence include
pelitic and semipelitic gneisses and minor
amounts of fine-grained amphibolite (probably
metabasalt)quartzite, calc-silicate granofels,
and iron formation. In places, such as on the
northern limb of the synform that runs through
Medina Mountain, a distinct stratigraphy is de-
veloped that (from base to top) consists of am-
phibolite, metapelitic gneiss, amphibolite, and
psammitic gneiss. The migmatite at the base of
the Medina Mountain sequence is not strongly
sheared, which leads us to conclude that the
Medina Mountain sequence probably rests in
depositional contact on the migmatites. It is pos-
sible that the Medina Mountain sequence was
thrust onto thenigmatites, but, if that were true,
then the thrusting must have happened at low tem-
peratures where the strain would have been con-
centrated in narrow faults rather than in a wide my-
lonite zone (Sibson, 1977).
The Medina Mountain sequence has been
f2 1 folded into tight synforms during a deformation
B ! event (D) that clearly postdates the injection of

7 the neosomes in the migmatite. The synforms
lack an axial planar schistosity and clearly fold an
‘ earlier schistosity that is parallel to the composi-
fl > tional layering. We call the schistosity Sand
) “’ the major synforms f5 because these folds are
caused by the earliest deformation event that we

can identify. The $, is parallel to the northwest-

BobLaﬁf%iaﬂions southeast—trending schistosity in the earlier
migmatites and the Bridger batholith. The rocks

are poorly lineated; the major linear features are
s1.2 axes of minor folds and crenulations. Thf,lL
! lineations have been folded into a broad fold,

B " which is expressed in the field by the way that the
F; , folds form closed ovoid structures (Fig. 6).
We consider this later fold to be g Biructure

e because it has the same trend as ghddfds in
Bt the Mount Helen structural belt.

N =189

Dry Creek lineations
N =100

Bob Lakes domain

Figure 4. Sketch comparing the structural framework of the Dry Creek and Bob Lakes Mount Helen Structural Belt and D,

domains. In both areas, the supracrustal rocks contain rootless isoclinal folds not shown on the

figure that we label as . The Mount Helen structural belt is a major

high-temperature shear zone that forms the
southwestern margin of the Washakie Block
Weakly foliated felsic orthogneisses that wel987; Marshall, 1987). Our interpretation is thatFigs. 1 and 3). It was named by Granger et al.
consider to be correlative with the Native Lakehese early migmatites formed at the same tin{&971) who correlated it with the Wilson Creek
gneiss are found in strain-free zones of the Mouas the Native Lake gneiss. Itis possible that thesethogneiss of Perry (1965) and Barrus (1970).
Helen structural belt and in the southwest portiomigmatites represent an intrusive event that Sur mapping shows that the zone is lithologi-
of the Medina Mountain area mapped byistinct from that Native Lake gneiss. With ourcally heterogeneous and measures up to 3 km
Koesterer (1986) (Fig. 5). Like the Native Lakepresent knowledge, however, we have no evacross strike, much wider than is shown in the

gneiss, the felsic gneiss in both areas contailence that it is different. map of Granger etal. (1971). The shear zone has
clotted amphiboles, suggesting an earlier pyrox- a gentle northeast dip and a top-to-the-southwest
ene-bearing history. Both the Medina MountaiMedina Mountain Sequence and D sense of shear (Hulsebosch, 1993). Where ex-
and Crescent Lake areas expose a migmatite that posed, the footwall contact of the Mount Helen

predates the Bridger batholith and that contains A belt of supracrustal rocks (the Medinastructural belt is sharp, with the footwall rock be-
inclusions of granulite-grade supracrustal rockdylountain sequence), is in-folded with the earlyng a weakly foliated gneiss that resembles the
which are cut by Victor dikes (Koesterer et al. migmatites in the Medina Mountain areaNative Lake gneiss. We have not located the

568 Geological Society of America Bulletin, April 2000
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Figure 5. Geologic map of the
NOI‘tT‘I = ey Medina Mountain area (area 2,
Fork L ake===2 — ‘,; N Fig. 1), modified from Koesterer

P - (1986). Map covers areas of the

U.S. Geological Survey Hall
Mountain 7.5" Quadrangle map.

EXPLANATION

Alluvium

Louis Lake batholith, 2.64 Gagranite and granodiorite

Bridger batholith, weakly foliated 2.67 Ga granite

I3 Medinamountain supracrustals, pelitic gneiss, metabasite, semi-pelitic gneiss

EZZZ54 Felsic Orthogneiss

L1 Paragneiss-rich migmatite

—— Faults

+’ axis of f3 2 synform, showing direction of plunge

hanging-wall contact because it occurs in thg, , schistosity anastomoses around giargranite typical of that of the Bridger batholith
steep terrane bordering the North Fork Bull Lakéoudins of weakly sheared rock. It is the anast§Hulsebosch, 1993). Some leucogranite dikes
Creek. The extent of the Mount Helen sheamosing nature of this foliation that produces thbave been folded by,F, whereas others com-
zone shown on Figure 3 is the minimum widttdispersion of the foliations evident on the sterepletely cross-cut the fabric of the shear zone.
possible for the zone; it could be considerablplot (Fig. 7). From this situation, as well from as the map pat-
wider. The boudins within the Mount Helen struc-tern which shows the Mount Helen structural belt
The Mount Helen structural belt consists of intural belt include weakly deformed graniticto be truncated by the Bridger batholith near the
tensely foliated, mylonitic, granitic, and tonalitic gneiss as well as isolated blocks of supracrustegnter of the range (Fig. 1), we conclude that the
gneiss. The mylonitic foliation has been foldedocks that may be as large as 30 m in any dimeNount Helen structural belt was active during the
into tight isoclinal folds that locally preservesion. These supracrustal rocks include metapegmplacement of the earliest stages of the Bridger
rootless hinges of an earlier folding eventlotites, fine-grained metabasites that may haveatholith.
(Fig. 7). We refer to the earliest folds gs Bnd  been metabasalts, sulfidic quartzites, and rare The northeast-trending fabric of the Mount
the isoclinal folds as 5. Much of the composi- metapelitic gneiss. The supracrustal inclusionidelen structural belt is common throughout the
tional layering in the Mount Helen structural belcommonly contain granulite assemblages anBridger batholith and the migmatites that lie to
was produced by shear early in the deformatidmave a fabric that is oblique to that of the foliatiorthe south. As noted above, thg,$oliations lie
and may even predate the formation pf.Hhe of the Mount Helen structural belt. We consideparallel to the , foliations, and the Dsynform
axial planes of [, folds have been folded into these to be equivalent to the,Boliations seenin in the Medina Mountain area has been folded
broad open fsfolds (not shown on Fig. 7). The the Washakie block. On the margins of the incluaround an axis that is coincident with the general
folding of F, , around these open, Efolds ac-  sions are amphibolite-facies assemblages wittrientation of the [, folds. These relations sug-
counts for the dispersion of lineations from thdoliations that are parallel to, $(Fig. 7). gest that Qand D), deformations may have been
Mount Helen structural belt (Fig. 7). The major About 30% of the area of the Mount Helerncaused by the same event. Because the deforma-
schistosity in the Mount Helen structural belt istructural belt in the North Fork Bull Lake Creektion style in the Medina Mountain sequence is
axial planar to F hence is designateqz%The area (Fig. 3) consists of weakly foliated leucodistinctly different from that of the Mount Helen
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Figure 6. Sketch of the struc-
tural relations in the Medina
Mountain area looking north.
Earliest fabric elements are found
in isolated blocks of supracrustal
rocks floating in migmatite. We
designate the schistosity in these
rocks as § ,on the basis of simi- Medinafoliations
larity to fabric elements in the N =98
Washakie block. Included within
the migmatites are supracrustal
rocks that are recorded in the
keels of  ; synforms. The axes of
these folds have been folded as
shown in cross section A-A
around open folds that we suggest
formed in the D, event.

[= -] migmatitic gneiss
Medina Mountain supracrustals

[ -] supracrustal rocksin migmatite, granulite grade

Medinafold axes o ) o
N =76 s supracrustal rocks in migmatite, amphibolite grade

structural belt, and because no evidence indicatBsidger Batholith stratigraphy. The structurally lowest unit in the
that the deformations in the two areas are indeed South Pass sequence (SPS) is the Diamond
coeval, we have designated the deformation in The Bridger batholith, a weakly foliated or- Springs formation, which consists of serpen-
each area as a distinct event. thogneiss that crops out over an area of approsinites and talc-chlorite schists, considered to be
A series of sheared gneisses is found in theately 650 kriin the north-central portion of the komatiitic flows and subvolcanic intrusions
Crescent Lake area (Fig. 8). Although thénind River Range, is key to establishing the agd$lausel, 1991). Resting above the Diamond
gneisses are locally highly migmatized by thef structural events in the northern portion of th&prings formation is the Goldman Meadows
Bridger batholith, enough areas of coherentange. The batholith was emplaced at 2.67 Clarmation, a sequence of mature sediments and
sheared gneiss survive for structural analysis. Tifaleinikoff et al., 1989) and places the youngeiron formation (Bayley et al., 1973) and the
shear zone here has a northeast trend with a tdipit on the age of the Dand D, fabrics. The Roundtop Mountain greenstone, a series of
to- the-northwest sense of shear (Marshall, 198®)atholith ranges in composition from diorite tometavolcanic rocks that range from tholeiitic to
Despite the difference in trend ,we suggest thatgranite, with granodiorite being the most volumikomatiitic in composition (Hausel, 1991). Most
represents the samg &vent as that in the Mount nous phase (Frost et al., 1998), and forms gradaf the rocks exposed at South Pass are part of the
Helen structural belt, because in both areas ttienal contacts on all margins, which are showMiners Delight formation and are thrust against
shearing was nearly coeval with the intrusion ohs migmatite on Figure 1. As noted above, ththe lower units of the SPS (Hull, 1988). The Min-
the Bridger batholith. Furthermore, the countryatholith was emplaced late in thg &ent and ers Delight formation consists of two packages.
rock affected by the shearing in both areas showss a weak foliation. In the southern margin, th&he lower portion is a proximal graywacke that
a similar history (cf. Marshall, 1987; Hulseboschfabric has a northwest trend (Hulsebosch, 1993)pntains minor interbedded calc-alkalic lava
1993). In the Crescent lake area the country roslhereas, in the north, it trends toward the norttflows. Thrust against this is an upper distal se-
was the early migmatite, whereas for the Mourgast (Marshall, 1987). The foliation is presenguence that contains only deep-water turbidites
Helen structural belt it was the Native Lakehroughout the body but increases in intensity tHull, 1988). Preliminary U-Pb ages of zircons
gneiss. In both areas, the gneiss hosted large the east, toward the Mount Helen structural belfrom dacites within the Miners Delight formation

clusions of older supracrustal rocks. By correlat- indicate that these rocks were deposited at
ing the sheared gneiss in the Crescent Lake arf®auth Pass Sequence 2.64 Ga (K. R. Chamberlain, unpublished data),
with the Mount Helen structural belt, we infer only a few million years before the emplacement

that the Mount Helen structural belt originally Unlike other supracrustal rocks in the Windof the 2.63 Ga Louis Lake batholith.

curved from northwest trending in the centraRiver Range, the supracrustal rocks at South PassThe relationship between the SPS and the
portion of the range to northeast trending in thare weakly metamorphosed, preserve primamlder rocks in the Wind River Range is not clear
north (Fig. 2). sedimentary structures, and present a coherdsgcause the lower contact of the SPS has been
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obliterated by the later emplacement of the Lol
Lake batholith. Because the SPS contains sev
north-directed thrust faults, we believe that t|
SPS was thrust northward upon the craton. A |
mary sedimentary contact, however, cannot
discounted.

Louis Lake Batholith

The Louis Lake batholith, the largest post-te
tonic batholith in the Wind River Range, was er
placed at 2630 Ma (Frost et al., 1998). Althou
minor enclaves of gabbroic and dioritic rocks &
present in the pluton, the major rock types are ¢
nodiorite and porphyritic granite. On the nortl
eastern limits of outcrop, in the structurally dee E= supracrustal rocks, granulite grade
est level of exposure of the Wind River uplift, bo -
rock types contain pyroxene (Frost et al., 199 Mt. Helen lineations supracrustal rocks, amphibolite gracle
East and south from this area, the pyroxene-ht N =96
ing assemblages are replaced by hornblende-

biotite-bearing assemblages. Along the southe™ Figyre 7. Sketch of structural relations in the Mount Helen structural belt looking roughly

margin, the Louis Lake batholith intrudes antorth. The earliest structural elements are foliations found in granulite-grade inclusions within

metamorphoses the South Pass sequence, Wheihe mylonitic gneiss. These we label as s The earliest fabric element in the mylonitic gneiss is

in the north, the charnockitic portions of thean intense mylonitic foliation that has been folded into at least two isoclinal folds, which we

batholith produce granulite-grade metamorphisigesignate § , and f, ,, Not shown are the broad, open,f,folds that fold the axial planes of the f,,

in the earlier gneisses. folds and bodies of the Bridger granite, which may be involved in the fand f, ,folds, but which
may also cut the shear zone entirely. ' '

[X] gray gneiss, lines show foliation trends

Late Archean Batholiths

The last Archean event in the Wind River
Mountains was the emplacement of four plutonghey are considered, therefore, to have formed ther because the granitic gneisses of the range are
of porphyritic granite. These are the Bears Eathe Proterozoic, although their exact age is stitelatively unreactive or because the metamor-
batholith in the east central, the Middle Mountaiunknown. Some large fault zones can be tracguhism occurred while the South Pass rocks were
batholith in the north central, the Granite of Nevfrom the overlying Phanerozoic rocks into théveing tectonically thrust onto the Wyoming cra-
Fork Lakes in the northeast, and small plutons iArchean basement. These are clearly Laramiden. The M contact metamorphism is associated
the South Pass area. Whole-rock Pb-isotopic ddtaage, but they differ from the Proterozoic zonewith the intrusion of the 2.63 Ga Louis Lake
from these rocks indicate that they are roughlin that they are associated with clay alteratiobatholith and is probably limited to a zone within
coeval and were emplaced around 2.54 Gather than greenschist-grade minerals (Mitra argeveral kilometers of the batholith.

(Stuckless et al., 1985). Frost, 1981). In addition to using published results of Bayley
et al. (1973), Marshall (1987), and Sharp and
Post-Archean Events METAMORPHIC HISTORY Essene (1991), we determined k& conditions

for the various metamorphic events using analy-

The Archean rocks of the range are cut by Prot- We recognize four distinct metamorphicses of minerals from the samples listed in Table 3.
erozoic diabase dikes that locally preserve primagvents in the Wind River Range (Table 2), alMinerals from samples 95Bob25 and 85FI-2A
igneous textures. These dikes may be up to 50tmough we are aware that there were other thefsee Fig. 1) were analyzed on the JEOL SUPER-
wide and can be followed for up to 30 km. Paleomal events that we cannot characterize becauBROBE 8900 at the University of Wyoming,
magnetic and preliminary U-Pb baddeleyite agebey were not associated with distinctive struoahereas H-2 and H-150A (Table 4) come from
of these dikes indicate that there may be two agigal events or mineral assemblages. The earliastpublished analyses of Koesterer (1986) and
of dikes, one at around 2.0 Ga (Harlan, personatetamorphism, M is a granulite-facies event were performed on a CAMECKN CAMEBEX
commun.) and another at 1.47 Ga (Chamberlathat is associated with,@eformation. A thermal microprobe. In the thermobarometric calculations
and Frost, 1995). event certainly was associated with the emplacbelow we have used the TWQ program of

The crystalline rocks of the range are also cuhent of the 2.8 Ga Native Lake gneiss; howeveBerman (1991) along with the data set of Berman
by numerous shear zones. Some of the zones are cannot distinguish assemblages formed th€h988) and the solution models of Berman and
mylonitic, but most are brittle. These zones arfrom those formed during later metamorphismAranovich (1996).
commonly associated with chlorite- epidote- oifhe M, is a regional event that accompanied the Throughout the range, ion-exchange thermo-
hematite-rich alteration halos that may be asmplacement of the 2.67 Ga Bridger batholithmeters were extensively reset to low tempera-
much as tens of meters wide. Although theséhe M, is a regional greenschist-amphibo+tures (Koesterer, 1986; Sharp and Essene, 1991;
zones locally have Laramide motion, the greerite—grade event that accompanied deformatiodulsebosch, 1993). During cooling, garnet be-
schist-grade assemblages that they contain akthe 2.65 Ga South Pass sequence. This meta&me more iron-rich whereas cordierite and or-
too high-temperature to be Laramide in agemorphism is not seen elsewhere in the range, ¢kopyroxene become more magnesian-rich.
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kilometers

1
_Xe Figure 8. Geology of the Crescent Lake area (area 3, Fig. 1) after Mar-

shall (1987). Map covers portions of the U.S. Geological Survey 7.5
Downs Mountain Quadrangle.

Thus, in an effort to “see through” the effects okffect of Laramide uplift, because different levelseaction Ms + Qtz = And + Kfs +J@ intersect at
cooling, we have chosen the core compositionsf crust are exposed across the range and this VillO pressures of 2.5 kilobars. At lowey®ipres-
which provide the most magnesian-rich garnedffect how one interprets the results of the thermaure this intersection moves to higRewe there-
and the most iron-rich cordierite and orthopyroxbarometry. To do this we use the thermobarometfgre show the contact aureole to have formed at

ene compositions (see Table 4).

M, Event

of the M, event, which is the contact metamor-pressures around 2.5-3.0 kilobars and tempera-
phism related to the intrusion of the Louis Lakeures around 670-700 °C (Fig. 9).

batholith. In the South Pass region it is character- The charnockites along the north contact lo-
ized by the presence of Kfs in rocks containingally contain pelitic inclusions. One of these in-

Before we discuss the metamorphic history ofnd (Bayley et al., 1973) (mineral abbreviationslusions (FL85-2A) contains the assemblage
the Wind River Range, we must characterize thafter Kretz, 1983). The And-Sil reaction and the&srt-Opx-Crd-Qtz. Using the displaced reactions

written for the Fe and Mg end members from
this assemblage, the TWQ program generates
11 equilibria that intersect between 740 °C and

TABLE 2. METAMORPHIC EVENTS IN THE WIND RIVER RANGE 840 °C and 5 400 and 6 800 bars. The dispersion

Event Age Description in T andP is probably caused by Fe-Mg ex-
(Ga) . - - . change that continued after the peak of meta-
M, >2.8 Granulite metamorphism associated with D, hi indi d by the di d f
M, 2.67 Amphibolite-granulite metamorphism associated with the emplacement of the morp |s_m,_as Indicate _ Yt € discordancy o
Bridger batholith the cordierite-opx, cordierite-garnet, and opx-
M, 2.65-2.63 Regional metamorphism of the South Pass sequence _ i
M, 2.63 Contact metamorphism of South Pass sequence on south side of Louis Lake game_t Fe-Mg eXChange_ thermometers (Fig. 9).
batholith Despite the scatter, it is clear that FL85-2A
M,y 2.63 Granulite-grade contact metamorphism on north side of Louis Lake batholith equilibrated at conditions that were consider-
572 Geological Society of America Bulletin, April 2000
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along the southern contact. Sample Grt Crd Opx Sil an Spl Rt
The barometry indicates that, at the time th85FL-b2A X X X N.P. 0.34 N.P. N.P.

; . . 95Bob25 X X N.P. X 0.33 X X
Louis Lake batholith was intruded, the presery,’; X X NP A 029 NP NP
northern contact was about 10 km deeper than tH-150 X X N.P. * 0.33 N.P. N.P.

southern contact (Fig. 9). These localities ar Notes: an—anorthite content of plagioclase; X—present in main assemblage, N.P—absent;
65 km apart, and this uplift can be accomma'—retrogressive. All rocks contain quartz, K-feldspar, and biotite.
dated by a southward plunge in the Laramid
structures of less than 10°. The attitude c.
Phanerozoic sedimentary rocks in the northerstrain the earliest metamorphic conditions in the Because Mwas much hotter than the com-
portion of the Wind River Range indicate that the€rescent Lake area. We find similar assemblageson closure temperature for diffusion in garnet,
Laramide structure is a broad fold that plungeis the Medina Mountain area and in the Washakiee consider that the compositions listed in
15°N (Mitra and Frost, 1981). If the southerrterrane. The assemblage occurs as part of the nable 2 formed during M It is likely that Crd,
portion of the structure plunges south at a simildrix of the rock in these areas, however, with Sithe most magnesian mineral in the rock, grew en-
angle, then the pressure difference recorded ariented parallel to S, indicating that it formed tirely during M,, and we believe therefore that
the contact aureole of the Louis Lake batholitlas part of the lyevent. the Grt was probably more magnesian during M
can easily be accommodated by Laramie defor- The best-preserved sample with this asserthan is shown by the analyses. It is impossible to
mation, although tilting by Archean or Protero-blage is 95Bob25, which comes from theback-calculate Grt composition because all Fe-
zoic deformation events cannot be disprovedVashakie terrane (Fig. 3). In this rock, Spl is advig bearing phases (Grt, Bt, and Spl) changed
sociated with Sil and both are included in Crd ocomposition as Crd grew. Thus, we would have
M, Event Grt. The Grt contains inclusions of Rt but noto know theP-T path followed by the rock to
IIm, whereas llm occurs in the matrix instead oback-calculate. We can use thg ddmpositions,
Although granulite assemblages are not urRt. As with Spl and Sil, Gar is rimmed by Crd.however, to limit the conditions of MFigure 10
common in the older supracrustal rocks, it is un#/e infer that the primary assemblage was Qtzshows the location of four limiting curves calcu-
usual to find assemblages in which ion-exchandgt-Ksp-PI-Grt-Sil-Spl-Rt, whereas the matrixlated from the given composition of Grt, Crd, and
thermometers preserve the conditions of thiassemblage, which we conclude wag Mas Spl. The assemblage Spl + Qtz is limited by two
metamorphism (Koesterer et al., 1987; Sharp ar@tz-Bt-Ksp-PI-Grt-Crd-lIm. Garnet is weakly reactions:
Essene, 1991). Because the ion-exchange thernzoned with moderate enrichment (0.05 mole %)

meters in these rocks are strongly reset, distinctive alm on the margins; likewise Xin Crd 2 MgALO, + 5 SiQ, = Mg,Al ,SicO,5 (1)
mineral assemblages must be relied upon to covaries by less than 2 mole %. Plagioclase aver-

strain these metamorphic conditions. Sharp aratjes ag, and varies by only 0.02 mole % an, 5 SiQ, + 3 MgAl,O, =

Essene (1991) used the assemblage Spl-Sil-Rtith the rims being slightly more sodic than the 2 ALSIO; + Mg,ALLSI-O, , )

Qtz that occurs as inclusions within garnet to corgores.

TABLE 4. MINERAL ANALYSES FROM THE WIND RIVER RANGE?

Garnet Cordierite Opx Spinel
Sample 85FI2A  95Bob25 H-2 H-150A 85FI2A  95B0ob25 H-2 H-150A  85FI2A  95Bob25
Sio, 38.68 38.59 37.01 36.75 49.77 50.19 48.46 48.93 47.93 0.00
TiO, 0.06 N.A. 0.00 0.01 0.00 0.00 0.03 0.00 0.09 0.07
Cr,0O4 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 4.02
Al,Og 21.72 20.81 21.63 21.67 34.29 33.65 33.93 33.95 6.89 56.28
FeO 27.19 31.52 32.09 32.76 5.16 5.75 6.64 6.91 25.23 30.70
ZnO N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 4.07
MnO 0.50 0.63 0.97 0.99 0.01 0.00 0.04 0.07 0.04 0.06
MgO 9.69 6.96 6.65 6.00 10.43 10.09 9.79 9.75 19.40 4.24
CaO 1.21 2.28 1.27 151 0.01 0.00 0.03 0.00 0.07 N.A.
Na,O 0.00 N.A. N.A. N.A. 0.03 0.28 0.05 0.11 0.00 N.A.
Total 99.05 100.80 99.62 99.69 99.72* 99.95 99.15 99.72 99.65 100.34"

Note: Cation proportions on a basis of 12 oxygens for garnet, 18 for cordierite, 6 for Opx, and 12 for spinel.

Si 2.999 3.013 2.938 2.928 4.975 5.019 4.919 4.938 1.817 0.000
Ti 0.004 0.000 0.000 0.001 0.000 0.000 0.032 0.000 0.003 0.003
Cr N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.136
Al 1.985 1.916 2.023 2.035 4.040 3.967 4.059 4.038 0.308 2.833
Fe 1.763 2.058 2.130 2.183 0.432 0.481 0.564 0.583 0.800 0.731
Mn 0.033 0.042 0.065 0.067 0.001 0.000 0.004 0.006 0.001 0.002
Mg 1.120 0.810 0.787 0.713 1.554 1.504 1.482 1.467 1.096 0.180
Ca 0.100 0.191 0.108 0.129 0.001 0.000 0.003 0.000 0.003 N.A.
Na 0.000 N.A. N.A. N.A. 0.005 0.054 0.011 0.026 0.000 N.A.
Almd 0.585 0.664 0.689 0.706
Py 0.371 0.261 0.255 0.231
Gros 0.033 0.062 0.035 0.042
Spes 0.011 0.014 0.021 0.022
XFe 0.612 0.718 0.730 0.754 0.218 0.242 0.276 0.284 0.422 0.802

Notes: Analyses of minerals from H-2 and H-150A come from Koesterer (1986); opx—orthopyroxene; N.A.—not analyzed.
*Includes 0.02 wt% K,0.
TIncludes 0.90 V,0,.
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been richer in Mg and this change in bulk com-
position would cause the parallelogram in Fig-
ure 10 to move to lowd? and highefT. A small
change in Grt bulk composition would have
caused the Sharp and Essene (1991) estimate to
overlap theP-T estimate by Marshall (1987).

u Marshall (1987) estimated conditions from the
occurrence of sapphirine in metaperidotitic
- blackwall rocks with assemblages that bracketed
the reaction Crd + Spl = Opx + Spr. Because of
L the Laramide tilting, there is no reason to expect
that the metamorphic conditions for, Mere the
same in 95Bob25 as at Crescent Lake, which is
located 25 km to the northwest. Our results and
those of Marshall (1987) and Sharp and Essene
(1991) indicate, however, that Mccurred at
high pressure (6—8 kilobars) and was very hot
(T > 800 °C). This is consistent with textural re-
lations suggestive of pigeonite in iron formation
from the northernmost margin of the range
/ (Sykes, 1985) and with locally preserved (but

10000 " '\' ,' e

conditions of contact aureole
at Burnt Lake
(sample FL85-2A)

8000

6000

P (bars)

4000

2000 : r§

conditions of contact
aureole at South Pass

cord-opx:

| ——cord-gar

opx-garn

- strongly reequilibrated) garnet in mafic gran-
; — ulites elsewhere in the range.

I
500 600 700 800 900 1000
T(°C)

Figure 9.P-T conditions for metamorphism along the northern and southern margins of the
Louis Lake batholith. Sample M5-2A with the assemblage garnet-cordierite-orthopyroxene-
quartz comes from the northern contact, where the pluton is charnopkltlc. Eleven equilibria I}/Iedina Mountain sequence. In most areas, M
generated from the Fe and Mg end-members of these phases using the TWQ program o . o .

B 1991) int i 4 6 kilob dt i 4750 °C. Th was in upper amphibolite facies, however, locally

sc?l:?k]\zpn(conta)c;r\]/v(ietf?r:w ;r;sa:anmabrlzzs rkgligldspalrc;n?jr:h?sr;te gimrazgtzrﬁuzgzwe quartz kBaiein the Medina Mountain area, where metabasites
X } ) § e > abut partially melted pelite gneiss, granulite-grade

ley et al., 1973) records temperatures below 700 °C and pressures of 2.5-3.0 kilobars. We inter- P y P 9 9 9

: . " . s assemblages are formed. This local granulite
pret the differences in these conditions to record different degrees of crustal exhumation in re- .
. ) metamorphism probably reflects areas of low wa-
sponse to Laramide deformation.

ter activity around granite melts (Koesterer, 1986).
We calculated the conditions for the, Blent
The reactions shown on Figure 10 are calcuhe Grt-Crd thermometer, which, as noted abovésom the cordierite-bearing assemblage in
lated for the displaced Mg-end members becauses calculated using the most Mg-rich Grt an85Bob25. We assumed that the Crd and Grt equi-
these are the extreme limits of the assemblagbe most Fe-rich Crd. librated during M and used the compositions of
The locations displacing the Fe-end-member re- We consider that the Grt-Rt-Spl-Sil-Qtz asthe Grt core and the most Fe-rich Crd. Because the
actions lie within the field outlined by these reacsemblage in sample 95Bob25 formed at condimatrix contains no Rt, the Crd must have grown at
tions; if the minerals in the rock had retained thetions indicated by the vertically ruled area in Figeonditions below those indicated by GRAIL, or at
high-T, Fe-Mg compositions, the locations of theure 10. This field is limited at high pressures byressures below around 5 kilobars (Fig. 10).
Fe end member and Mg end member for reaceaction (2), at low temperatures by reaction (1), We also calculated Mrom two samples from

M, Event

The M, event is recorded in amphibolite-facies
halos around granulite boudins in the Mount He-
len structural belt and in assemblages in the

tions (1) and (2) would have coincided. and at low pressures by GRAIL. As noted abovithe Medina Mountain area (H-2 and H-150A).
The assemblage Rt + Grtis limited by the rewe contend that Crd growth during,®aused all Both of these samples have the assemblage Qtz-
action: minerals to become more Fe-rich as Mg was sBt-Ksp-PI-Grt-Crd. These rocks differ from
questered in Crd. If the original Grt and Spl wer85Bob25 in that they have not undergong M
3 TiO, + FeAl Si;0,, = more Mg-rich, reactions (1) and (2) would botrand that the whole assemblage was produced
3 FeTiQ,+ ALSIO; + 2 SiO, (GRAIL)  have moved to high€r, restricting the stability during M, (although the mineral compositions
field for Spl + Qtz. were subsequently modified during cooling). In

Our sample has Rt but not Ilm in the core of Although imprecise, the conditions deter-both rocks, the Grt is moderately zoned, with
the Grt. Therefore, to estimate the location ofined for M, in 95Bob25 are consistent with X, increasing by as much as 8 mol% from core
GRAIL in Figure 10, we used the most magthose estimated for the assemblage Grt-Spl-Stbe rim. Crd is not zoned and hagxhat varies
nesian Grt, pure Rt (the Rt in the rock shows oni@tz-Rt-1lm from the Crescent Lake area by Sharpy only 3 mol%. PI is irregularly zoned and
Ti peaks on EDS) and pure llm. This establishesnd Essene (1991). It must be noted, howevesaries by about 2% around.gin H2 and ag,in
the minimum pressure for this reaction, becaudbat the rocks studied by Sharp and Esser¢150A.
solution of Mg and F€, into llm will stabilize (1991) also had late Crd. Before the Crd grew in In addition to the Grt-Crd thermometer, there
it to higherP. The fourth reaction on Figure 10 isthese rocks, the Grt and Spl were likely to havare two equilibria involving Grt, PI, Crd, and Qtz:
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we might expect that they would record even
higherT andP. Likewise, had we more locations
where M, could be estimated and had we better

9000 precision, we might be able to see the effect of
Laramide tilting on M as well. Finally, because
8000 1 we recognize a nearly 3 kilobar difference be-
tween the northern contact of the Louis Lake
batholith and the southern contact, and because
7000 1 M, followed shortly after M, it is likely that the
thermometer rocks farther north were much deeper and pre-
& " sumably hotter at the time JMvas being devel-
8 6000 t & oped on the southern portion of the range.
K} P-T conditions
o for Mo P-TTIME PATH FOR THE WIND RIVER
5000 1 ﬁ‘% RANGE
N
95B0oh25 'fg% We can use our estimation BfT conditions,
4000 T Mo A the age constraints, and the geological relations
M, in Washakie M, in Medina outlined above to constrain the temperature path
block Mtn. area followed by the rocks in the Wind River Range
3000 1 1 1 1 during the Late Archean (Fig. 12). The path is
500 600 700 800 900 1000 poorly constrained because of the vast amount of
T (OC) time involved, because of the few points (both in

space and time) where we could constrain condi-

Figure 10.P-T diagram showing conditions of the M and M,, metamorphic events in the  tions, and by the certainty that each of the meta-
Wind River Range. Reaction curves listed are calculated for the average spinel and the compomorphic conditions that occurred over the huge

sition of core garnet and cordierite from sample 95Bob25. Ruled area is the stability field for the area of the Wind River Range probably was asso-
M, assemblage garnet-sillimanite-spinel-quartz-rutile. Area indicated as Wfor this sample is ciated with a range of temperature conditions.
the stability field for garnet-cordierite-quartz-ilmenite. Samples H2 and H150A come from the Even so, it is clear that during this 300 m.y. pe-
Medina Mountain area. M, 87—Marshall (1987); S&E, 91—Sharp and Essene (1991). See textiod of time the rocks in the Wind River Range

for discussion. experienced periodic burial and exhumation. We
show the path beginning at surface conditions to
2 FeAl,Si,0,,+ 6 CaALSi,0, + 3 SiQ, = account for the deposition of the earlies_t
2 CaAi,Si,0,,+ 3 FeAl,Si.0,, @) M, Event supracrustal rocks, although the path from this
point to the peak conditions at, Mhay have been
2 MgAILSi,0,,+ 6 CaALSi,O, + 3 SO, = Evidence.of the Mevent is seen in the regionalvery ang and probaply involved thermal events,
2 CaAlLSi0;,+ 3 MgAISiO; 4) metamorphism of the South Pass sequence. Alie evidence for which has long since been lost.

though some of the units at South Pass recoffhe first thermal pulse that we can identify is M
By using the most Mg-rich Grt and the mosgreenschist conditions, this metamorphism waeat ~800 °C and 6 kilobars (see Fig. 12). As noted
Fe-rich Crd in these rocks, we obtained an intewithin the low amphibolite facies over most of theabove, this event predates emplacement of the ca.
section of the Grt-Crd thermometer with reacarea. We have no quantitative thermobaromet®/83 Ga Native Lake gneiss and the Victor dikes,
tions (3) and (4) at temperatures of ~700 °C arfdom the area,. The coexistence of Crd and Anithe age of which is unknown. The X-ordinate in
pressures of 4.5-5.5 kilobars (Fig. 10). Theseeported by Bayley et al. (1973), however, allowFigure 12 is dashed in this range to emphasize
conditions are at slightly higher temperature thans to limit the conditions to 450-550 °C andhis age uncertainty. The metamorphism could be

that obtained from 95Bob25. The differences in 2—-3 kilobars (Fig. 11). as old as 3.2 or 3.3 Ga, as indicated by U-Pb
and possiblyP may reflect Laramide tilting, SHRIMP (super high-resolution ion microprobe)
since the Medina Mountain rocks, which ar&Summary ages from zircons in migmatite (Aleinikoff et al.,
structurally deeper in the Laramide uplift, record 1989), or it may have predated the Native Lake
higher grade conditions. A summary of the metamorphic conditions ingneiss by only a few tens of millions of years.

We conclude that lformed at moderate pres-the Wind River range is shown in Figure 11. Of The Victor dikes are porphyritic and locally
sures (4-5 kilobars) and at temperatures aroupdrticular note is the wide swathRAT space oc- chilled, and, therefore, they must have been em-
or slightly below 700 °C. This conclusion is concupied by the M event. As noted above, thisplaced into country rocks that were at tempera-
sistent with the estimate of metamorphism in thprobably reflects Laramide tilting of the rangetures lower than M This temperature is uncon-
Mount Helen structural belt (Hulsebosch, 1993and suggests that, if the other metamorphistrained; although we show it to have been
and with the core and rim compositions of “maevents could have been sampled over a suitab#200 °C, it could have been much lower or
trix” mineral assemblages described by Sharwide area, they would record a similar range dfigher. We also have no direct constraints on the
and Essene (1991), although the temperaturesdanditions. The rocks recording the, vent emplacement temperature of the Native Lake
the Crescent Lake area may have been somewhatne from locations that are structurally high irgneiss. We infer that it must have been emplaced
higher (~750 °C) than those in the core of théhe range. Were we to find rocks that equilibratedt temperatures >700 °C because it was at least
range. during this event on the western side of the rangecally charnockitic.
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The Medina Mountain Sequence was eitht 10000
deposited directly on the Native Lake gneiss
was thrust onto it at low temperatures. Thus, v
contend that some portions of the Wind Rive
Range were exposed or near the surface after
cooling of the Native Lake gneiss. After depos
tion of the Medina Mountain sequence, the ran(
was buried again. Some of this may have be
accompanied by tectonic thickening along th
Mount Helen structural belt and some may ha
been produced by surface accumulation of eru
tive components of the Bridger batholith. By th
time the Bridger batholith crystallized, the condi
tions were around 700 °C with pressures (
4.0-5.5 kilobars.

After the cooling of the Bridger batholith at 2.65-2.63 Ga
least the southern portion of the range was € 100 00 00 1000
humed to low pressure because the South Pass Te

. . (°C)
guence was either deposited upon the basemer ] ) ) o )
thrust upon it under low temperature condition Figure 11.P-T diagram comparing conditions of the M, M,, M, and M, metamorphic
Shortly thereafter, the Louis Lake batholith wa €Vents-
emplaced, bringing temperature again into th:
800 °C range. We do not know the thermal historsocks of the range. For example, Aleinikoff et alfound a complex age distribution in monazite
after the cooling of the Louis Lake plutons; weg1989) found that a migmatite yield&#Pb2°%b  from the Crescent Lake area, wherein a single
show the area to have cooled slightly before t@HRIMP ages from zircon that clustered at 2.6Frain yielded22’Pb2%Pb ages that clustered
latest Archean plutons were emplaced at 2.55 @ar2, 2.85, 3.2, 3.3, and 3.8 Ga. Whereas the olderound 2.78, 2.66, and 2.54 Ga. They interpreted
and to have cooled slowly thereafter. We postulasges reported by Aleinikoff et al. (1989) may behese ages to represent distinct periods of mon-
this slow cooling to account for the extensive reages of individual detrital grains, the youngemnzite growth. It is likely that the two younger ages
setting of the ion-exchange thermometers froriree ages probably reflect recrystallization of zirepresent monazite growth due to the influx of
the M, metamorphism. con during the Late Archean magmatism that afhagmatic fluids, because the samples studied by
fected the area. Similarly, DeWolf et al. (1993)DeWolf et al. (1993) occur as a complex roof pen-

8000 +

6000 1

P (bars)

4000 T

2000 1

CONCLUSIONS

Metamorphic and Isotopic Resetting

*
*
*
*

The Wind River Range was periodically i 800 +
truded by magmas from ca. 2.8 Ga to 2.55 ¢
this fact accounts for many of the complexities +
determining ages ariRt T conditions for various
rocks from the area. In most places, the origi
M, granulite assemblages were retrograde:
amphibolite facies. Distinct hydration halos &
seen surrounding dikes of both Bridger and Lc  ~~
Lake granitic rocks, indicating that during tl OL)

Late Archean these rocks were periodice ~ 400 1
flooded with fluids as well as magmas. In thc =
few areas where the original granulite asse
blages are preserved, the ion-exchange thel
meters have been extensively reset to temp 200 +
tures that are far too low for granulite assemble
(below 500 °C for two-pyroxene and olivin 1 J
spinel thermometers; Koesterer etal., 1987). E :
the granulites formed during the latest metan 0% — — —o— — ; ‘ ;
phism show evidence of significant ion-exchar

on cooling (Fig. 10), suggesting that the roc 2800 2700 2600 2500
stayed hot after the intrusion of the Louis Le aje (M a)

batholith.

The prolonged magmatic history and its assc  Figure 12. Archean thermal history of the Wind River Range incorporating the thermo-
ciated influx of melts and fluids into the crust maymetry observed from the metamorphic rocks. Asterisks denote age constraints discussed by
explain the complex U-Pb systematics in the oldeFrost et al. (1998).

(o2}
o
o

deposition of the MM S
deposition of the SPS

Emplacement of Victor Dikes

M, (granulite facies)
Emplacement of Native Lake Gneiss
Emplacement of the Louis Lake batholith, M,

Emplacement of thel atest Archean plutons

Deposition of early supracrustal rocks

' Emplacement of the Bridger batholith, M 2)
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; : . s tion for olivine, orthopyroxene, cordierite, garnet, and il-
dant that lies on the contact between the 2.7 Gerranes in the western Yilgarn, granitoids date - -t system FeO-MgO-CaO LTI, SI0;

Bridger batholith and the 2.54 Ga Middle Moun{from 2.67 to 2.53 Ga. (Wilde et al., 1996). Contributions to Mineralogy and Petrology, v. 126, p. 1-24.

tain batholith (Fig. 8). No consensus exists on the origin of the Lat@“gman: ?égEf SEiStChTannAT'h Na'dmtlth- J.,and SUtCI"ffv
. . ) . H, , Roots of an Archean volcanic arc complex:
Archean calc-alkalic plutons in the Slave and Yil- The Lac des lles area in Ontario, Canada: Precambrian

Tectonic Implications garn cratons. The 2625 to 2695 Ma plutons inthe  Research, v. 81, p. 223-239.

Slave craton have been ascribed to subductio?r”"d' K. D., 1990, A review of the Superior Province of the
' Canadian Shield, a product of Archean accretion: Pre-

Although we cannot determine the polarity obut it is unclear whether the subduction was west-  camprian Research, v. 48, p. 99-156.
the 2.8 Ga magmatic event in the Wyominglipping (Kusky, 1989) or east-dipping (Fyson anghamberiain, K. R., and Frost, B. R., 1995, Mid-Proterozoic

. P ; : mafic dikes in the Central Wyoming Province: Evidence
province, distribution of the Late Archean granHelmstaed, 1988). Likewise, although Archean (' " age extension and supercontinent breakup [abs.J

itoids indicates that subduction forming the 2.7granites in each of the blocks in the Yilgarn  program with Abstracts, Geological Association of
2.63, and 2.54 Ga plutons was directed from therovince are of different ages, ages do not pro- Canada, Mineralogical Association of Canada, Canadian

. . Geophysical Union joint annual meeting, v. 20, p. 15.
west and south toward the craton (Frost et algress across the province (Wilde et al., 1996} o o B Belshan N and ONne B K. 1693 A meta.

1998). During the Phanerozoic, three hundredhis lack of progression, along with a widespread  morphic history from micron-scat€Pb?°%Pb chronom-
million years is not an exceptionally long perioddistribution of 2.64 Ga gold mineralization, led Egt{e‘:;A\:C{‘;g”p“‘z%gazz”z% Earth and Planetary Science
of time for an active continental margin to re-Qiu and Groves (1999) to coqclude t_hat the widesost, C. D., 1993, Nd isotopic evidence for the antiquity of the
main stationary. The locus of calc-alkalic magspread postorogenic plutons in the Yilgarn are not  Wyoming province: Geology, v. 21, p. 351-354.

; ; ; ost, C. D., and Frost, B. R., 1993, The Archean history of the
matism on the western margin of Nolrth angbroducts of subdyctlc_m but rather were prod_qccfd Wyoming provincein Snoke. A. W, Steidtmann, J. R.,
South America has occupied essentially they mantle delamination. Thus, the composition,  and Roberts, S. M., eds., Geology of Wyoming: Geologi-
same position for nearly that long. For exampleage, and distribution of granites and gneisses in cal Survey of Wyoming Memoir 5, p. 58-76.
the C di Cordill h b th ite fohe Wind Ri R t the best d Frost, C. D., Frost, B. R., Chamberlain, K. R., and Hulsebosch,

e Canadian Cordillera has been the site fahe Wind River Range represent the best docU-""1"5 "199g The L ate Archean history of the Wyoming

magmatism periodically for the past 200 millionmented example of a long-lived active continental  province as recorded by granitic magmatism in the Wind

years (Armstrong and Ward, 1991, 1993). Likemargin during the Late Archean. E“ﬁ;ﬁfyge, Wyoming: Precambrian Research, v. 89,
Wisev the Sierra Nevada was magmatica”y ac- Fyson, W. K., and Helmstaed, H., 1988, Structural patterns and
tive from 180 to 70 Ma and is still active in theACKNOWLEDGMENTS tectonic evolution of supracrustal domains in the Archean

. Slave Province, Canada: Canadian Journal of Earth Sci-
North today (Armstrong and Ward, 1991). Like ence. v. 25, p. 301315,

the Wind River Range, both the Canadian Much of the mapping upon which this papetranger, H. C., McKay, E. J., Mattick, R. E., Patten, L. L., and

Cordillera and the Sierra Nevada areas contawas based was conducted by Tom Hulsebosch as ycllf;)y, P, 1971','\/'"_1%%2 feGSOUIrCE§ Olf tshe GlaCéEfl IPttim-
fragments of sedimentary sequences that hameseasonal employee of the U.S. Geological Sur- jy5 o \*oT"e: U5 Geclogical Survey Bulletn.

from time to time been deposited or thrust ontwey and later as part of his Ph.D. dissertatiomarper, G. D., 1985, Dismembered Archean ophiolite, Wind

he magmatic arc. Tom was killed in a traffic accident in Septembey  River Range, Wyoming (USA): Ophiolit, v. 10, p. 297—-306.
the magmatic arc P Hausel, W. D., 1991, Economic Geology of the South Pass

The existence of active continental margins, in996, and we dedicate this paper to his memory. ~ Granite-Greenstone Belt, Southern Wind River Range,
which calc-alkalic plutons have been emplacetihis manuscript benefited greatly by reviews by  Western Wyoming: Geological Survey of Wyoming Re-

. . ; port of Investigations 44, 129 p.
into an older continental crust, has been postireter Dahl, Dave Mogk, and John Percival. -, o0 = oge " ited plates of America, the birth of

lated in many Archean terranes. In some locali- craton: Early Proterozoic assembly and growth of Lau-
ties, such as Lac des lles area of the SuperiBEFERENCES CITED reriga: Ag;éjatlscl)'\;’eview of Earth and Planetary Science,
. . v. 16, p. 543-603.
Province (Brligmann et al., 1997), the EasterRginiyof, 3. N., williams, 1. S., Compston, W, Stuckless, J. S.Holzer, L. Frei, R., Barton, J. M., and Kramers, J. D., 1998,
Goldfields superterrane of the Yilgarn province  and worl, R. G., 1989, Evidence for an Early Archean  Unraveling the record of successive high grade events in
(Swager, 1997)’ and the northern magmatic belt comporjent in the Middle to Late Archefin gneisses'of the the Central Zone of the Limpopo belt using Pb _single
. Wind River Range, west-central Wyoming: Conventional phase dating of metamorphic minerals: Precambrian Re-
of Zimbabwe (Kusky, 1998), the arcs were short- and ion microprobe U-Pb data: Contributions to Mineral- search, v. 87, p. 87-115.
lived and were built upon crust that was only  ogy and Petrology, v. 101, p. 198-206. Hull, J. M., 1988, Structural and tectonic evolution of Archean
f mstrong, R. L., and Ward, P., 1991, Evolving geographic pat-  supracrustals, southern Wind River Range, Wyoming.
slightly older than th_e plutons themselves. Otheﬁ’r tern of Cenozoic magmatism in the North American [Ph.D. dissert.]: Rochester, New York, University of
areas, such as the Limpopo belt and the Slave and cordillera: The temporal and spatial association of mag-  Rochester, 280 p.
the western Yilgarn provinces, are similar to the matism and metamorphic core complexes: Journal dflulsebosch, T. P., 1993, Aspects of Crustal Evolution in the
. . . . . Geophysical Research, v. 96, p. 13201-13224. Archean Wind River Range, Wyoming [Ph.D. dissert.]:
\Nyommg provm;e, in which calc-alkalic pIIJtonS/-\rmstrong, R. L., and Ward, P., 1993, Late Triassic to earliest ~ Laramie, Wyoming, University of Wyoming, 158 p.
were emplaced into a basement that was consid- Eocene magmatism in the North American CordilleraKoesterer, M. E., 1986, Archean History of the Medina Moun-
Implications for the western interior basin,Caldwell, tain area, Wind River Range, Wyoming [M.S. thesis]:
erably older than the pIUtonS' . W. G. E., and Kauffman, E. G., eds., Evolution of the Laramie, Wyoming, University of Wyoming, 99 p.
In the central zone of the Limpopo belt, calc-  \western Interior Basin: Geological Association of Canad#oesterer, M. E., Frost, C. D., Frost, B. R., Hulsebosch, T. P., and
alkalic plutons dated from 2.6 to 2.55 Ga were  Special Paper 39, p. 49-72. Bridgwater, D., 1987, Development of the Archean crustin
; rrus, R. B., 1970, Petrology of the Precambrian rocks of the  the Medina Mountain area, Wind River Range, Wyoming
emplaced into a basement as old as 3.2 G% High Peaks area, Wind River Mountains, Fremont County, ~ (U.S.A.): Precambrian Research, v. 37, p. 287-304.
(Holzer et al., 1998). The older rocks of the  wyoming [Ph.D. dissert: Seattle, Washington, UniversityKretz, R., 1983, Symbols for rock-forming minerals: American
Slave province are invaded by voluminous of Washington, 86 p. Mineralogist, 68, 277279
2.70 2p58 G itoid By t IBayley, R. W., Proctor, P. D., and Condie, K. C., 1973, Geolog¥usky, T., 1989, Accretion of the Archean Slave province: Ge-
HYTe a grani 9' s (van _reemen € . al, ™ of the South Pass Area, Fremont County, Wyoming: U.S.  ology, v. 1989, p. 63—67.
1992). The western Yilgarn province, including  Geological Survey Professional Paper 793, 39 p. Kusky, T. M., 1998, Tectonic setting and terrane accretion of the
he Murchinson. Lak r B in n. an@erman, R. G., 1988, Internally-consistent thermodynamic  Archean Zimbabwe craton: Geology, v. 26, p. 163-166.
t e. ureninson, Lake G. ace, Boddington, a @ data for minerals in the system JIaK,0-CaO-MgO-  Marshall, D. M., 1987, Structure and petrology of an Archean
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