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NEW STRATIGRAPHIC SUBDIVISIONS AND REDEFINITION OF
SUBDIVISIONS OF LATE ARCHEAN AND EARLY PROTEROZOIC
METASEDIMENTARY AND METAVOLCANIC ROCKS OF THE
SIERRA MADRE AND MEDICINE BOW MOUNTAINS,
SOUTHERN WYOMING

By Rosert S. Houston, Kar E. KarLstrRoM, PauL J. Grarr, and ANDREW J. FLURKEY

ABSTRACT

Archean rocks of the Sierra Madre and Medicine Bow Mountains
consist of a quartzo-feldspathic gneiss basement (more than 2,700
Ma) overlain by a thick succession of Late Archean supracrustal
rocks. The oldest supracrustal rocks are the Vulcan Mountain
Metavolcanics of the Sierra Madre and the Overland Creek Gneiss of
the Medicine Bow Mountains. These units form small (4-14 km®)
areas of highly deformed, amphibolite-grade metavolcanic rocks that
may represent parts of greenstone belts. These greenstone
successions are overlain transitionally or are in fault contact with
the Late Archean Phantom Lake Metamorphic Suite in both
mountain ranges. This suite is isoclinally folded and of amphibolite
grade. Stratigraphic reconstructions suggest that it is 2 km thick and
contains about 60 percent metavolcanic rocks and 40 percent silici-
clastic rocks, predominantly arkosic and quartz arenitic quartzites.
The Phantom Lake Metamorphic Suite is transitional in character
between Archean greenstone belts and Proterozoic-type platform
successions. The Phantom Lake Suite is considered Late Archean
because the lowest unit (Jack Creek Quartzite) is intruded by the
2,700-Ma (Rb-Sr whole-rock date) Spring Lake Granodiorite of the
Sierra Madre. The Spring Lake Granodiorite intrudes the Vulcan
Mountain Metavolcanics in two areas. In the northern Medicine Bow
Mountains, undated granite that may correlate with either a 2,700-
Ma (U-Pb zircon date) granitic orthogneiss of the Sierra Madre or the
2,450-Ma (U-Pb zircon date) Baggot Rocks Granite of the Medicine
Bow Mountains intrudes both the Overland Creek Gneiss and
Colberg Metavolcanics of the Phantom Lake Suite. We consider both
of the Medicine Bow successions Late Archean because we correlate
the Overland Creek Gneiss with the Vulcan Mountain Metavolcanics
of the Sierra Madre and the Phantom Lake Suite of the Medicine
Bow Mountains with the same suite in the Sierra Madre. The
Phantom Lake Suite is formally subdivided into five formations in
the Medicine Bow Mountains and three formations in the Sierra
Madre.

The basal Phantom Lake Suite in the Sierra Madre, the Deep
Gulch Conglomerate Member of the Jack Creek Quartzite, contains
radioactive pyritic quartz-pebble conglomerates that are interpreted
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to be fluvial fossil placer deposits. Evidence for braided-stream
deposition of the conglomerates and placers includes: (1) coarsening-
and fining-upwards sequences with gravel lenses on scour surfaces;
(2) low-amplitude trough crossbedding within gravel lenses; (3)
associated lenticular matrix-supported conglomerate believed to
represent alluvial-fan debris flows; and (4) association of heavy-
mineral suites with gravel layers and scour surfaces. Principal
radioactive heavy minerals of the conglomerates are monazite,
huttonite, and zircon; the principal nonradioactive heavy mineral is
pyrite. These deposits are thorium rich and not of economic
importance at present.

Late Archean rocks in both mountain ranges are unconformably
overlain by as much as 10 km of quartz-rich Early Proterozoic
metasedimentary rocks: the Snowy Pass Supergroup in the Medicine
Bow Mountains and the Snowy Pass Group in the Sierra Madre. New
correlations and terminologies are suggested within and between
these two sequences.

A rubidium-strontium whole-rock date of 1,900-2,150 Ma on the
Gaps Intrusion gives a new minimum age for the Snowy Pass
Supergroup. The dated outcrops intrude the Sugarloaf Quartzite of
the lower part of the Libby Creek Group in the Medicine Bow
Mountains. Felsic intrusions and gabbros that are believed to
correlate with the Gaps Intrusion intrude the Copperton Formation
of the middle part of the Snowy Pass Group in the Sierra Madre.

INTRODUCTION

The Sierra Madre and Medicine Bow Mountains of
southern Wyoming have one of the most complete
successions of Late Archean (2.8-2.5-Ga) and Early
Proterozoic (2.5-1.7-Ga) metasedimentary and meta-
volcanic rocks in North America. Late Archean meta-
sedimentary and metavolcanic rocks exceed 5,000 m in
thickness, and Early Proterozoic metasedimentary
rocks exceed 10,000 m in thickness. These rocks are
exposed in the northern Sierra Madre in Tps. 14-16 N.,
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Rs. 84-88 W., and in the northern Medicine Bow
Mountains in Tps. 14-19 N., Rs. 77-81 W. (pl. 1).

The Late Archean and Early Proterozoic meta-
sedimentary and metavolcanic rocks are either in fault
contact or lie unconformably on an older quartzo-
feldspathic gneiss terrane that contains recognizable
remnants of metasedimentary (quartzite and
conglomerate) and metavolcanic rocks (basalt and
mafic tuffs). Two largely metavolcanic successions
have been defined that are believed to overlie this
basement and that perhaps represent parts of green-
stone belts. These successions are referred to as the
Overland Creek Gneiss in the Medicine Bow
Mountains and the Vulcan Mountain Metavolcanics in
the Sierra Madre. The basement gneisses, Overland
Creek Gneiss, and Vulcan Mountain Metavolcanics are
believed to form the basement for a Late Archean
volcano-sedimentary-rock succession named the
Phantom Lake Metamorphic Suite. This suite is
transitional in lithology between Archean greenstone-
belt rock types and miogeoclinal-type meta-
sedimentary rocks of the overlying Deep Lake and
Libby Creek Groups, which are more characteristic of
the Early Proterozoic. However, contacts between
Archean units are poorly defined, and transitional
relationships may exist between basement gneisses,
some of the metavolcanic gneisses of the “greenstone
belts,” and metavolcanics of the Phantom Lake Suite.

The major emphasis of this report is the description
and definition of the Archean Overland Creek Gneiss,
Vulcan Mountain Metavolcanics, and Phantom Lake
Metamorphic  Suite. Early Proterozoic meta-
sedimentary rocks of the Deep Lake Group (Karlstrom
and Houston, 1979a, 1979b) and the Libby Creek
Group (Houston and others, 1968; Lanthier, 1979) are
discussed in less detail because these rocks have been
described recently (Karlstrom and others, 1983).
However, our latest mapping has resulted in some
revision of terminology and areal distribution of the
Deep Lake Group and Libby Creek Group, and these
revisions are reviewed here.

The southern limit of the Archean gneiss terranes
and Late Archean and Early Proterozoic supracrustal
sequences in the Sierra Madre and Medicine Bow
Mountains is the Cheyenne belt (Houston, Karlstrom,
Hills, and Smithson, 1979), a zone of mylonitic rocks
that trends northeast in the Medicine Bow Mountains
and east-west in the Sierra Madre (pl. 1). This
boundary forms part of the southern margin of the
Archean Wyoming Province and was interpreted by
Hills and Houston (1979) and Karlstrom, Houston, and
others (1981) to be a suture separating cratonic rocks
to the north from accreted 1,800- to 1,600-Ma island-
arc materials to the south. There is no record of

pre-1,900-Ma events in rocks south of the Cheyenne
belt and, inasmuch as this report emphasizes Archean
geologic history, those terranes are not considered in
detail here.
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HISTORY

This report is based on long-term studies of the
Precambrian rocks of southern Wyoming sponsored by
the Geological Survey of Wyoming (Houston and
others, 1968) and on recent, more intensive
stratigraphic and sedimentological studies sponsored
by the U.S. Geological Survey and U.S. Department of
Energy (Karlstrom, Houston, and others, 1981). The
foundation for stratigraphy of Precambrian rocks in
the Medicine Bow Mountains was established by
Blackwelder (1926) and in the Sierra Madre by
Spencer (1904). Contributors to studies of the
Geological Survey of Wyoming include McCallum
(1964), King (1963), and Childers (1957) in the
Medicine Bow Mountains and Ebbett (1970), Short
(1958), and Weid (1960) in the Sierra Madre.
Contributors to the studies of the U.S. Geological
Survey and U.S. Department of Energy are Karlstrom
(1977) and Lanthier (1978) in the Medicine Bow
Mountains and Graff (1978), Kratochvil (1981), and
Gwinner (1979) in the Sierra Madre.

Studies sponsored by the U.S. Department of Energy
were designed to evaluate the potential of Late
Archean and Early Proterozoic metasedimentary
sequences for uranium- and gold-bearing fossil placers
of the type found in the Witwatersrand, South Africa,
and at Elliott Lake, Ontario, Canada. Much of the
stratigraphic information presented here is an
outgrowth of the uranium investigations. Part of the
uranium evaluation involved diamond drilling of
favorable units to test uranium grades at depth. Drill-
hole locations are shown on plate 1, and stratigraphic
information from this drilling is incorporated into the
following discussions.

Independent studies of the stratigraphy, petrology,
geochemistry, and geochronology of rocks of the Sierra
Madre were conducted by Divis (1976, 1977). Divis’
map interpretations are contradicted by our mapping
in three important respects. (1) He correlated the
entire metasedimentary sequence mnorth of the
Cheyenne belt in the Sierra Madre with the Protero-
zoic Libby Creek Group of the Medicine Bow
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TasLe 1.—Modal compositions of samples of the Vulcan Mountain Metavolcanics, Sierra Madre, Wyoming

[Modes, in percent, from visual estimates. Rock names are field classifications. Tr, trace; --, not determined. SM6 samples are from drill hole SMS, sec. 25,
T. 15 N., R. 87 W. TS samples are surface samples from N2 sec. 10, T. 14 N., R. 86 W.]

Sample

Opaque

Quartz Plagioclase Chlorite Biotite Muscovite Epidote Garnet ) Carbonate Hornblende Sphene
No. minerals
Metabasalts
TS24 1......coovreeeeeeennns 15 1 - 3 - 5 - - - 75 1
TS245........ 17 5 Tr - - 10 - 1 2 65 -
TS183............ 5 10 Tr - - - - - - 85 -
Mean (3) 12 5 Tr 1 - 5 - Tr 1 75 Tr
Volcaniclastic rocks
SM6 (443.4)................. 40 2 1 20 - - 1 - 2 34 -
44 5 3 - - 1 2 - 40 -
42 3.5 115 - - 1 1 1 47 -
Metapelites and quartzites

SM6 (458)...ccceervveenennnen 89 1 - 2 4 - - 1 3 - -
SM6 (530).... 15 10 63 - - 2 5 - -

Mean (2)....cccorvevrenans 52 6 2 32 2 - - 4 - -

or faulted unconformities, although contact rela-
tionships are poorly known because of poor exposure
and the presence of mafic intrusive rocks occupying the
contacts in some places.

The Vulcan Mountain Metavolcanics are Late
Archean as indicated by intrusion by the 2,700-Ma
Spring Lake Granodiorite (fig. 20).

OVERLAND CREEK GNEISS

A succession of hornblende and biotite gneisses that
crop out over an area of 4 km? in the extreme northeast
Medicine Bow Mountains is here named the “Overland
Creek Gneiss” (unit Wo, pl. 1) after Overland Creek
near the village of Arlington. The maximum mapped
thickness of the gneiss is about 1,200 m. Stratigraphic
thickness is unknown because of isoclinal folding in the
exposed section and fault contacts with adjacent units.
Outcrops near the junction of Overland and Rock
Creeks, T. 19 N.,, R. 79 W., Carbon County, are
designated the type area. Rocks of the Overland Creek
Gneiss are nowhere in contact with the quartzo-
feldspathic gneiss terrane of the northwestern
Medicine Bow Mountains, so age relationships
between these units are uncertain. Contact rela-
tionships between the Overland Creek Gneiss and
rocks of the Phantom Lake Metamorphic Suite are also
poorly known; most contacts are either faults or are
invaded by gabbroic sills. We interpret the Overland
Creek Gneiss to be older than the Phantom Lake Suite
because of its position in the core area of the refolded

French Joe’s anticlinorium and because it tends to be
more highly deformed and metamorphosed than rocks
of the Phantom Lake Suite. However, there are areas
where lithologies appear to be transitional between the
two sequences so that age relationships remain
obscure.

The Overland Creek Gneiss is invaded by pink
gneissic granite in the lower parts of Rock Creek, near
Arlington (pl. 1). This granite is undated and may
correlate with either the 2,700-Ma pink orthogneiss of
Premo (1983) or the 2,430-Ma Baggot Rocks Granite of
W.R. Premo (oral commun., 1985). We consider the
Overland Creek Gneiss as Late Archean because we
correlate it with the Vulcan Mountain Metavolcanics,
which are intruded by the 2,700-Ma Spring Lake
Granodiorite.

We interpret the hornblende gneiss and amphibolite
as volcanic because of their mafic compositions and
because a few outcrops of amphibolite have structures
that resemble amygdules. Locally, the biotite gneiss is
medium bedded and has layers of quartzite, matrix-
supported conglomerate, and garnet schist (west side
of Rock Creek near Arlington); we suggest that they
are metagraywackes (turbidites).

Petrographic data from the Overland Creek Gneiss
are summarized in table 2. Hornblende gneisses, which
make up about 80 percent of the unit, are dominated by
hornblende needles with interstitial quartz, plagio-
clase (Ang;-Ang,), and epidote (with or without sphene,
chlorite, magnetite, and rutile). Garnet forms large
porphyroblasts in some samples. Biotite gneisses (table
2) are dominated by plagioclase, quartz, biotite, and
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TaBLE 2.—Modal compositions of samples of the Overland Creek Gneiss, Medicine Bow Mountains, Wyoming

[Modes, in percent, for the first five samples are from point-counted thin sections from King (1963); other data from visual estimates. Tr,
trace; --, not determined]

Sample . . . Opaque
No. Amphibole Quartz Plagioclase Epidote Sphene minerals Garnet
K26 ... 75.4 14.4 8.9 Tr - 1.2 -
K52 ... 85.0 3.9 5.2 4.9 Tr Tr -
K129 ..o 29.1 37.0 24.9 - Tr 3.7 5.1
K141 .iivivvrvvennennenns 74.0 6.8 12.0 3.0 4.2 Tr -
K744 o 70.3 16.3 9.8 3 Tr 3.3 -
K80-14 ......eorvvreeenns 64 5 30 - - 1 -
Mean ....cccccecevecicennnes 66.3 13.9 15.3 1.4 0.7 1.5 0.9
Sample . R X Potassium . . .
No, Plagioclase Quartz Biotite Muscovite feldspar Chlorite Kyanite Apatite
K80-2%....rerrerecreannne 41 31 8.4 17.7 - 1.3 0.5 Tr
K80-3*....cooieciriieene 48 35 13 -- 4 Tr - -
*Biotite gneiss.
muscovite (with or without kyanite, chlorite, | well preserved in these rocks, and because of structural

orthoclase, apatite, and magnetite) (King, 1963). The
petrology is compatible with volcanic (basalt), plutonic
(gabbro), and sedimentary or volcaniclastic (graywacke
or tuff) protoliths, and all these rock types may be
present in the unit. We suggest that the Overland
Creek Gneiss may be a remnant of an Archean green-
stone belt.

PHANTOM LAKE METAMORPHIC SUITE

A tentative definition of a succession of rocks
referred to as the Phantom Lake Metamorphic Suite
was made by Karlstrom and Houston (1979a, 1979b)
for the Medicine Bow Mountains and by Graff (1979)
for the Sierra Madre. The term was applied to a
sequence of metasedimentary and metavolcanic rocks
exposed in the vicinity of Phantom Lake in sec. 16, T.
16 N., R. 80 W, in the Medicine Bow Mountains. Here
the sequence is overlain unconformably by rocks of the
Early Proterozoic Deep Lake Group and was inferred
to be younger than Archean basement rocks. More
detailed mapping, and stratigraphic and sedimentolog-
ical studies have allowed us to further refine this
sequence. In this report we formally adopt the
Phantom Lake Metamorphic Suite and define and
name five lithostratigraphic subdivisions or formations
in the Medicine Bow Mountains and three litho-
stratigraphic subdivisions or formations in the Sierra
Madre. The various rock units are discussed below in
inferred order of age. However, primary features
indicating direction of stratigraphic younging are not

complexities, we are not completely confident of the
age sequence.

PHANTOM LAKE METAMORPHIC SUITE OF THE
MEDICINE BOW MOUNTAINS

In the northern Medicine Bow Mountains, rocks of
the Phantom Lake Metamorphic Suite crop out in Tps.
17-19 N., Rs. 78-79 W. (pl. 1), where they are overlain
unconformably by rocks of the Early Proterozoic Deep
Lake Group. They also crop out in the core of anticlines
near the center of T. 17N., R. 79 W., and in the western
part of T. 16 N., R. 80 W. (Arrastre anticline),
northeast and south of Phantom Lake (pl. 1). The
various lithologies of the Phantom Lake Metamorphic
Suite can be best observed on a foot trail that follows
Rock Creek from the vicinity of Arlington (T. 19 N., R.
79 W.) to a locality about 1 km south of the confluence
of Rock Creek and Deep Creek where the rocks of the
Phantom Lake Metamorphic Suite are overlain uncon-
formably by basal beds of the Deep Lake Group. Rocks
of the upper part of the Phantom Lake Metamorphic
Suite can be best seen on a jeep trail that enters the
Medicine Bow Mountains in S¥2 sec. 24, T. 19 N, R. 79
W., follows Overland Creek, and exits at the Sand Lake
access road about 2% km southwest of Colberg Cabin.
The newly defined lithostratigraphic subdivisions of
the Phantom Lake Metamorphic Suite, in probable
order of decreasing age, are the Stud Creek metavol-
caniclastics, Rock Mountain Conglomerate, Bow
Quartzite, Colberg Metavolcanics, and Conical Peak
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Volcanogenic rocks south of Cheyenne Belt
French Slate 610 m

Towner Greenstone 180-490 m

Upper part

Nash Fork Formation 1,980 m

Libby Creek Group

Early Proterozoic

Snowy Pass Supergroup
Lower part

Sugarloaf Quartzite 580 m

Lookout Schist 0-400 m

Medicine Peak Quartzite 1,700 m
(Includes Klondike Lake Conglomerate Member)

Heart Formation 670 m

Phyllite member 300 m
Diamictite member 350 m
Rock Knoll Formation 0-380 m

Headquarters
Formation

Deep Lake
Group

Phantom Lake
Metamorphic Suite

Late Archean

Vagner Formation 120-800 m

Cascade Quartzite 600-850 m

=wf— Campbell Lake Formation 0-75 m

Lindsey Quartzite 440 m

Magnolia | _Quartzite member 400-600 m
Formation | Conglomerate member 0-330 m

Conical Peak Quartzite 500-800 m

Colberg Metavolcanics 1,000-2,500 m

Bow Quartzite 200-580 m
Rock Mountain Conglomerate 0-400 m

Stud Creek Metavolcaniclastics 300-500 m

Overland Creek Gneiss 400(?) m

Quartzo-feldspathic gneiss (basement?)

EXPLANATION

Gneiss

Schist or phyllite

==
[~

Iron-formation

=

A
N

A

Lava flows and tuff

<
>
>

Stromatolite

Dolomite or marble

Quartzite

LI

Quartz-granule conglomerate

Quartz-pebble conglomerate

Glacial(?) diamictite

Paraconglomerate,

Planar crossbeds

o

Trough crossbeds

Ripple marks

Flat bedding

L

Anomalous radioactivity

Gradational contact

—?==2=— Contact relationship unknown

Thrust fault

R

Unconformity

Ficure 3.—Stratigraphic column showing lithology and thickness of metasedimentary rocks in the Medicine Bow Mountains, Wyoming.

Quartzite (fig. 3). An approximate maximum thickness
for rocks of the Phantom Lake Metamorphic Suite in
the Medicine Bow Mountains is 4,780 m. Rocks of the
Phantom Lake Metamorphic Suite are isoclinally
folded in much of their outcrop area following multiple
episodes of folding (Karlstrom and Houston, 1979a,
1979b; Karlstrom and others, 1981). The rocks were

metamorphosed to the amphibolite facies. They are of
Late Archean age.

STUD CREEK METAVOLCANICLASTICS

The oldest known unit of the Phantom Lake Meta-
morphic Suite, here named the “Stud Creek Metavol-
caniclastics” for Stud Creek, crops out in two localities
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Ficure 4.—Plots showing composition of metavolcanic
rocks from the Stud Creek Metavolcaniclastics and
Colberg Metavolcanics, Medicine Bow Mountains,
Wyoming. A, A, (Na,0+K,0); F, (FeO+Fe,03); M, MgO;
tholeiitic-calc-alkaline trend line from Irvine and
Baragar (1971). B, Tholeiitic-alkalic trend line from
MacDonald (1968). Numbers refer to table 4.

in the core of a large overturned, doubly plunging
anticlinorium, French Joe’s anticlinorium (unit Ws, T.
18 N., R. 79 W, pl. 1) in the Medicine Bow Mountains.
The northern outcrop area, centered near Rock
Mountain (sec. 1, T. 18 N,, R. 79 W.), is in the
south-plunging part of the structure; the southern
outcrop area, centered near Stud Creek (sec. 15, T. 18
N., R. 79 W.), is in the north-plunging and highly
faulted part of the fold (pl. 1). The southern outcrop
area is designated as the type area. Both outcrop areas
are characterized by a heterogeneous assemblage of
metavolcanic and metasedimentary rocks.
Petrographic data are summarized in table 3, and
geochemical analysis of one metabasalt is given in
table 4. In a general way, the wide variety of lithologies

can be lumped into four groups: pelitic schists (50
percent), amphibolitic schists (30 percent), quartzites
and conglomerates (20 percent), and calcareous rocks
(local). Pelitic schists (table 3) are predominantly
biotite- and muscovite-rich quartz schists, but there
are also schists containing garnet, staurolite, chlo-
ritoid, or kyanite. Pelitic rocks were probably tuffs,
graywackes, and volcanogenic shales. Amphibolite
schists include plagioclase-rich varieties that were
probably basalts and quartz-rich rock and include
garnet amphibole quartz schist, which was probably
mafic tuffs. One sample (table 4, no. 1) has the
chemical composition of a tholeiitic basalt (fig. 4).
Quartzites include fine-grained micaceous quartzites,
fuchsitic quartzites, granule conglomerates, and
quartz-rich schistose paraconglomerates. Both types of
conglomerates are slightly radioactive in the southern
outcrop area (twice background gamma radiation and
as much as 21 ppm U; 29 ppm Th). Calcareous rocks
range from impure marble to calcareous pelitic schist
and are also radioactive in one isolated area (170 ppm
U and 16 ppm Th in one locality near Rock Mountain).

Sedimentary features are poorly preserved in the
quartzites, conglomerates, and calcareous rocks;
bedding is only locally recognizable, and crossbeds
were seen in only a few places. Rocks of the Stud Creek
Metavolcaniclastics probably represent depositional
environments ranging from fluvial (as suggested by
radioactive conglomerates) to shallow marine
(carbonates), but the large variability of rock types,
rapid facies changes, the absence of thick and
continuous layered graywackes, and the absence of
pillow basalts suggest to us that subaerial deposition
and volcanism may have predominated.

Stratigraphic relationships between facies within
the Stud Creek Metavolcaniclastics and the overall
thickness of the unit are difficult to interpret because
of isoclinal folds, the inferred presence of large strike
faults in the southern outcrop area, and the strong
superposed folding in the northern outcrop area.
Similarly, stratigraphic relationships with the
underlying Overland Creek Gneiss and overlying Rock
Mountain Conglomerate are complicated, and the
contact with the Rock Mountain Conglomerate may be
unconformable or it may be gradational. Nevertheless,
we estimate a maximum exposed stratigraphic
thickness ranging from 330 m (northern area) to 500 m
(southern area).

ROCK MOUNTAIN CONGLOMERATE

The Rock Mountain Conglomerate, a newly
designated unit, crops out on Rock Mountain and near
the extreme northwestern limit of Precambrian
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TasLE 4.—Chemical analyses of samples of metabasalts and metatuffs from the Stud Creek Metavolcaniclastics and Colberg Metavolcanics,
Medicine Bow Mountains, Wyoming

[Analyses in percent except U304 and thorium, which are in parts per million. Analyzed by Steve Boese, University of Wyoming, 1979. <, less than; -, not determined])

Metabasalts Metatuffs
1 2 3 4 5 6
52.9 56.7 55.1 60.3 72.9 67.8
13.3 14.0 13.3 12.7 12.2 12.1
10.42 7.9 7.07 4.97 1.64 48
1.61 443 3.97 428 6.80 4.25
.14 .30 .20 48 .10 .40
11.90 11.75 13.94 14.07 2.42 9.30
9 1.0 1.0 1.0 5 N
7.44 411 5.38 2.19 45 2.12
.19 14 .19 21 .06 .08
.06 17 .13 .13 21 21
98.9 100.5 100.3 100.3 97.3 97.4
0.1 0.6 0.8 2.2 3.7 2.5
<5 <5 <5 <5 <5 5
Molecular norms*
12.07 4.64 3.57 13.20 27.61 31.65
.85 1.80 1.20 2.90 .60 2.50
5.85 39.95 39.95 39.30 62.35 40.00
34.65 17.48 18.05 14.35 2.53 1.08
27.52 15.71 23.67 17.89 1.79 16.64
15.36 16.66 13.25 8.06 3.54 -
2.24 2.14 2.54 2.60 44 1.76
1.32 1.38 14 1.42 72 1.02
13 .35 .27 27 43 45
- - - - - 49

*Fe*®/Fe*Zapproximated at 0.15 (from Cox and others, 1979).

SAMPLE DESCRIPTIONS

bl

sec. 3, T.18 N,, R. 79 W.

o v

outcrop (unit Wr, secs. 27 and 33, T. 19 N,,R. 79 W, pl.
1). The type locality is on the south and west sides of
Rock Mountain. The unit is absent in the Stud Creek
area as a continuous stratigraphic unit, although
lithologically similar conglomerates occur as lenses
within the Stud Creek Volcaniclastics. The conglo-
merates are locally anomalously radioactive in outcrop
(20,000 counts per minute or five times local
background and contain as much as 270 ppm U and 95
ppm Th) and were sampled extensively and drilled in
two places near Rock Mountain to test their favor-
ability as a uranium target. The results, discussed in
detail in Karlstrom and others (1981), indicate that the
unit contains thin, lenticular radioactive conglo-
merates but is not generally a favorable target for
uranium.

Sample SR0-25: Metabasalt, Stud Creek Metavolcanics; north side of Carlson Creek, NWV¥4 sec. 22, T. 18 N, R. 79 W.
Sample SR60—44: Andesitic basalt, Colberg Metavolcanics; 1,500 ft S. 15° E. of hill 8981, sec. 3, T. 18 N,, R. 79 W.
Sample K78-99: Amygdaloidal andesitic basalt, Colberg Metavolcanics; northeast of Colberg Cabin; 1,400 ft south of hill 8981, SEV4

Sample SR59-3: Andesitic basalt tuff, Colberg Metavolcanics; northeast of Arrastre Lake, SEVaNWV4 sec. 10, T. 16 N, R. 80 W.
Sample SR79-8: Rhyolitic tuff, Colberg Metavolcanics; east of Colberg Cabin at top of hill 9317, sec. 10, T. 18 N.,, R. 79 W.
Sample SR79-9: Rhydacitic tuff, Colberg Metavolcanics; same locality as SR79-8.

Petrographic data for the Rock Mountain
Conglomerate are summarized in table 5 and shown
graphically in figure 5. The unit is predominantly
granular to pebbly muscovitic quartzite and quartzose
schist with paraconglomerate (matrix-supported
conglomerate) beds ranging from less than a meter to
several hundred meters in thickness. Paraconglomer-
ates contain stretched clasts of quartz, quartzite,
amphibolite, and schist in a strongly foliated quartz-
muscovite (locally arkosic) matrix. Particularly
striking are bright-green fuchsitic schist clasts. The
paraconglomerate is locally garnetiferous. Contact
relationships with the underlying Stud Creek Metavol-
caniclastics are not exposed, but the conglomerates
and quartzites in the two units are similar enough to
suggest an intertonguing (or gradational) relationship.
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TasLE 5.—Modal compositions of samples of the Rock Mountain Conglomerate, Medicine Bow Mountains, Wyoming

[Modes, in percent, for K240 are from point-counted thin sections from King (1963); other data are visual estimates. Tr, trace ; --, not determined]

Sa;:le Quartz Muscovite Pf::s:;:? Plagioclase I:;ZT;: Garnet Zircon Biotite Chlorite
Rock Mountain area (eastern outcrop area)

K240.......ocouevreerieeernen 56.6 21.8 0.1 25.1 0.2 - - - -
MB15-498........ccoru..... 72 25 - - 3 - - - -
MB15-600........ccoceunnee 65 32 2 - 1 - - — -
MB15-750 ...cccovvevrenrenns 52 28 - 18 2 - - - -
MB15-775 ....ccoeevvrne 68 30 - 2 Tr - - - -
MB15-825.......ccvvmurnnne 68 20 - 11 1 - - - -
K78-91 ....covvvevireernnnne 83 10 - - 2 5 Tr - Tr
K78-92 ... 47 46 - - 1 - Tr - 6
K78-93 ... 47 48 - 3 2 - - - Tr
MB10-430..........cc....... 53 27 - 9 2 2 - - 7
MB10-455 .......ccoeue... 58 39 - - Tr Tr Tr Tr

Mean .....ccceeevuerennanen 61 30 Tr 6 1 1 Tr Tr 1

Foote Creek area (western outcrop area)

SR78-3 ..oceeereecreerennennes 60 27 - - 1 2 - - -
SR78-5 ...covvverreerrrcnrnnen 49 28 20 - 3 - - - -
K805 ....oeeeveeeevverennnn 65 33 - - - - - -
SR78-16 ....oeevvveereercnnns 37 4 16 40 3 - - Tr Tr
SR78-17 .oceeereeereecrenn 40 - 8 30 Tr - - 22 Tr
SR78-18 ...oooreurrerrn 25 - - 12 3 ™ - - -

Mean®.........cccoeunvunn. 50 18 9 16 - 1 - 4 -
Grand mean ................ 58 26 3 9 2 - 1

Plus 60 percent amphibole.

2Without sample SR78-18.

The stratigraphic thickness of the Rock Mountain
Conglomerate is estimated to be about 400 m in both
outcrop areas.

The Rock Mountain Conglomerate was penetrated in
two drill holes, MB10 and MB15, both near Rock
Mountain (Karlstrom and others, 1981). In hole MB10
pebbly chlorite schist and poorly sorted sercitic quartz-
ite of the uppermost Rock Mountain Conglomerate
appears gradational with quartzites and thin
conglomerates of the overlying Bow Quartzite. Hole
MB15 penetrated 118 m of a coarsening-upwards
succession ranging from poorly sorted quartzite at the
base to paraconglomerate in the upper half. In general,
the Rock Mountain Conglomerate coarsens to the east
and upwards.

The lack of sedimentary structures in the Rock
Mountain Conglomerate, poorly exposed contact
relationships, and complex structure make inter-
preting the depositional environment difficult.
However, we tentatively interpret the unit to be a
prograding alluvial-fan deposit (Rust, 1979) on the
basis of poor sorting, coarse grain sizes, coarsening-
upwards successions, the presence of anomalously high
radioactivity that may reflect fossil-placer accu-
mulation of uranium- and thorium-bearing heavy

minerals, and the limited lateral extent of the unit. The
source was apparently a nearby, probably fault-
bounded terrane containing metasedimentary and
metavolcanic rocks such as are found in both the Stud
Creek Volcaniclastics and the Overland Creek Gneiss.

BOW QUARTZITE

The Bow Quartzite, here named after the Bow
Ranger Station (sec. 21, T. 18 N., R. 80 W., Medicine
Bow Mountains), is a key unit in deciphering the
stratigraphy and structure of the Phantom Lake Meta-
morphic Suite because it contains abundant planar
crossbeds and some oscillation ripple marks that
indicate the direction of stratigraphic top. The unit is
well exposed throughout the northern Medicine Bow
Mountains where it defines the limbs of French Joe’s
anticlinorium (T. 18 N., R. 79 W., pl. 1). Exposures of
the Bowin T. 18 N., R. 79 W, in the extreme northern
part of the Medicine Bow Mountains where it overlies
the Rock Mountain Conglomerate, are designated the
type locality.

Petrographic data from the Bow Quartzite are
summarized in table 6 and figure 5. The unit contains
quartzites (95 percent), quartz-pebble conglomerates
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Bow Quartzite

Rock Mountain Conglomerate

Conical Peak Quartzite

EXPLANATION

Potassium feldspar greater than 2/3 total feldspar
Plagioclase greater than 2/3 total feldspar
Plagioclase 1/3 to 2/3 total feldspar

Mean

® + X o

Ficure 5.—Ternary diagrams showing composition of sand- and granule-size fractions of siliciclastic rocks of the
Phantom Lake Metamorphic Suite, Sierra Madre and Medicine Bow Mountains, Wyoming. Modes from visual

estimates. Q, quartz; F, feldspar; M, mica.

(local), biotite and hornblende schists and phyllites
(local), and quartz-rich carbonates (local). The
quartzites are mainly white, very fine grained to fine
grained (average grain size 0.1-0.2 mm), foliated mus-
covitic arkoses and subarkoses. Some contain
appreciable biotite and amphibole, and many contain
zircon and altered opaque minerals (probably pyrite
altered to hematite). The unit ranges from 200 to 580
m in thickness with an average thickness of about 350
m. The lower contact, with the Rock Mountain
Conglomerate, is not exposed in the Rock Mountain
area but appears to be gradational in drill hole MB10.
In contrast, the contact in the extreme northwestern
area of the Medicine Bow Mountains is sharp and
apparently conformable.

The most prevalent sedimentary structures in the
unit are medium- to large-scale planar crossbeds
(amplitude about 0.5-1 m; mean inclination 23°).
When combined for the entire unit (and after unfolding
about statistically defined local fold axes), these cross-
beds yield a bimodal paleocurrent distribution with a
prominent mode directed southwest and a secondary
mode directed northeast (Karlstrom and others, 1983).
However, individual outcrop areas show distributions
that are somewhat scattered but are dominated by one
mode or the other. Several oscillation ripple marks in
the unit confirm a bimodal current pattern but record
east-west-directed currents. Multiple ripple sets in one
outcrop show east-west- and north-south-directed
current oscillations.
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We interpret most of the Bow Quartzite to have been
shallow marine sediments. The generally fine grain
sizes suggest low-energy deposition, large-scale planar
crossbeds may represent sand waves, and the bimodal
paleocurrent distribution probably represents ebb and
flood tides. These data are compatible with the
interpretation of a tidally influenced deltaic depo-
sitional environment for the unit. We envision a river-
fed embayment or estuarine location for deposition of
the Bow Quartzite sediments with early, fluvial
deposition of the Rock Mountain Conglomerate in the
northeastern area, close to a tectonically active
highlands, changing to marine deposition to the south
and higher in the section. The source area was
contributing mainly sedimentary and volcanic detritus
during deposition of the Rock Mountain Conglomerate,
but appreciable potassium feldspar in the Bow Quartz-
ite suggests that granitic rocks also contributed detri-
tus during its deposition. Thus, the source area
probably consisted of Archean granitic gneisses and
older metasedimentary and metavolcanic rocks.

COLBERG METAVOLCANICS

The Colberg Metavolcanics, named in this report
after the old townsite of Colberg (location of Colberg
Cabin, pl. 1), include a heterogeneous assemblage of
metavolcanic rocks including: amygdaloidal meta-
basalts (fig. 6), a few poorly preserved pillow basalts,
volcaniclastic schists, fragmental metavolcanic rocks
ranging in composition from rhyolitic to basaltic, para-
conglomerates, and thin quartzites. The unit crops out
in large areas of the northern Medicine Bow Mountains
(unit We, Tps. 16-19 N, Rs. 78-80 W_, pl. 1). The type
locality is east of Colberg Cabin, sec. 10, T. 18 N,, R. 79
W. The most distinctive units within the Colberg
Metavolcanics are the paraconglomerates (fig. 7),
which are composed of varying proportions of rounded
granite boulders (as large as about 50 cm in diameter),
quartzite boulders, and stretched mafic volcanic-rock
clasts in an amphibole, biotite, and quartz matrix. The
paraconglomerate unit has a stratigraphic thickness as
great as about 400 m, within which the conglomerates
themselves are complexly interbedded with volcanic
rocks and quartzites. The entire Colberg Metavolcanics
unit ranges in thickness from a feather edge in the
northwest part of the Medicine Bow Mountains to a
mapped thickness of 2,500 m in the north-central part
of the mountains. Contacts with the overlying Conical
Peak Quartzite and the underlying Bow Quartzite are
interpreted as conformable but are not well exposed.

Petrographic data from the Colberg Metavolcanics
are shown in table 7. Fine-grained amphibolites, which
were mapped as metabasalt because of their massive

STRATIGRAPHIC SUBDIVISIONS, ROCKS OF SIERRA MADRE AND MEDICINE BOW MOUNTAINS, WYOMING

character and local presence of amygdules, show a
wide compositional range including: plagioclase-
amphibole rocks that were probably basaltic and basal-
tic andesite flows (the Arrastre Lake area); quartz-rich
amphibolites that probably represent reworked mafic
to andesitic tuffs (the northern area); and amphibole-
and biotite-rich quartzites that were probably meta-
graywackes (west of Rock Creek). Basaltic rocks locally
contain amygdules filled with quartz, epidote, clino-
zoisite, or calcite (fig. 6). Paraconglomerate and schist-
ose units commonly contain garnet. Plagioclase
compositions determined by King (1963) on samples
from the northern area range from An,g to Angg (the
mean of seven samples was Ang,).

Chemical compositions of metabasalts and metatuffs
from the Colberg Metavolcanics are shown in table 4.
Sample 1, from the Stud Creek Metavolcaniclastics, is
a low-potassium basaltic andesite. Samples 2 and 3 are
low-potassium andesite and low-potassium basaltic
andesite, respectively. The tuffs range in composition
from low-potassium andesite (sample 4) to low-
potassium rhyodacite (sample 6) and low-potassium
rhyolite (sample 5). An AFM plot (fig. 4) of the samples
shows an iron-enrichment trend characteristic of
tholeiitic magmas (Irvine and Baragar, 1971), except
that sample 5 is anomalously high in sodium and
deficient in magnesium and iron. All six samples fall in
the tholeiitic field in alkali-silica plots (fig. 4) (MacDon-
ald, 1968).

The depositional history of the Colberg Metavolca-
nics is not well known. We interpret the unit to be
partly marine because it contains quartzites that we
interpret as marine on the basis of textural and
structural evidence directly above and below the unit.
However, we have found very few pillow basalts and
this fact, combined with the wide variety of lithologies
and rapid facies changes in the unit, seems more
compatible with subaerial volcanism and volcaniclastic
deposition. The depositional environment of the para-
conglomerate provides an interesting and unsolved
problem. We envision deposition of the Colberg para-
conglomerate to have taken place in alluvial or possibly
submarine channels and fans that developed adjacent
to fault scarps bounding volcanic highlands. If so, the
Colberg Metavolcanics may contain complexly inter-
bedded subaerial and submarine rocks.

CONICAL PEAK QUARTZITE

The Conical Peak Quartzite (unit Wep, pl. 1), a new
unit named after Conical Peak (sec. 4, T. 18 N., R. 79
W., pl. 1) is the youngest unit in the Phantom Lake
Metamorphic Suite in the Medicine Bow Mountains. It
occupies the core of the Foote Creek syncline in the
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THRUST FAULT ———
Slaughterhouse Formation—Includes
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Thickness 400 m
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Late Archean
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Bridger Peak Quartzite—Includes minor

metavolcanic rocks near the base. Thick-

Shear zone

Conformable contact

Erosional unconformity

paraconglomerate.
1,000 m

Silver Lake Metavolcanics—Includes
Thickness 300-

Thrust fault

360(?) m

Unconformity

AN vty Jack Creek Quartzite—Includes Deep Gulch
AT X, Conglomerate member at base, as well
*\\\\\\ X ol & as some marble, phyllite, and para-
R N AL .

e Y conglomerate. Thickness 300-800 m
TR Unconformity ———————
N NN Vulcan

Mountain Metavolcanics—In-
cludes marble and guartzite. Thickness

Biotite-plagioclase gneiss and minor
metasedimentary and metavolcanic rocks

Ficure 9.—Generalized stratigraphic column for Precambrian rocks in the Sierra Madre, Wyoming.

clinorium (pl. 1). It is about 300 m thick near South
Spring Creek Lake.

DEEP GULCH CONGLOMERATE MEMBER

The basal 110 m of the Jack Creek Quartzite in the
northwestern Sierra Madre, recognized at Dexter
Peak, Carrico Ranch, and Deep Gulch, and in
exposures northeast of Deep Gulch (pl. 1), is herein
defined as the Deep Gulch Conglomerate Member. This
distinctive lithologic unit has been divided into three
units that can be recognized in most outcrops of the
Carrico Ranch area and at Deep Gulch, where the Deep
Gulch Conglomerate Member is best exposed. The type
section (fig. 11) is near Carrico Ranch, NEV4 sec. 12,
T.15N.,R. 88 W.

The lower unit (unit 1, fig. 11) is an arkose that
is medium to coarse grained and poorly sorted, and
is interbedded with muscovite-rich arkose, thin
quartz-pebble conglomerate layers, and thin arkosic

conglomerate layers. The arkosic conglomerate layers
of unit 1 contain abundant granite clasts and angular
potassium-feldspar pebbles. Both the arkosic conglom-
erate and quartz-pebble conglomerate layers are
slightly radioactive (2-3 times background). Unit 1 is
overlain by arkose and subarkose of unit 2, which is
coarse grained and rich in muscovite. The arkose and
subarkose contain well-developed small-scale trough
crossbeds and lenticular beds of quartz-granule
conglomerate, quartz-pebble conglomerate, and arko-
sic conglomerate. These conglomerates are also
slightly radioactive (2-5 times background). Unit 3, the
upper unit, contains pyritic and radioactive quartz-
pebble conglomerates (as high as 60 times background)
interbedded with granular to pebbly subarkosic
quartzites. These conglomerates in unit 3 are at the
base of the fining-upward stratification sequences and
pass upsection into coarse-grained subarkose having
well-developed trough and planar crossbeds. Beds of
quartz-pebble conglomerate are 17 to 55 cm thick (fig.
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-] Silver Lake Metavolcanics— Includes meta-
graywacke

Jack Creek Quartzite

600__...:. ,..'.

Micaceous quartzite, arkosic quartzite, and
paraconglomerate 213-384 m

Metacarbonate and phyllite 0-46 m

"1 Micaceous quartzite with phyllite lenses
i 183 m

1 Arkosic quartzite with phyllite lenses
152 m

T 6 590q000050Q000
'000000060600006000|
Rt R

. +,00006000" " - . )

[. ' -1990000 %,

Deep Gulch Conglomerate Member—Quartz-
pebble conglomerate and arkosic quartzite
56-192 m

Biotite-plagioclase gneiss

EXPLANATION

| Quartzite

poooococoo
0000000

Conglomerate

Paraconglomerate

Phyllite

Metacarbonate

Metagraywacke

Gneiss

Metabasalt

S/ Trough crossbedding

Planar crossbedding

Unconformity

Ficure 10.—Type section, the Jack Creek Quartzite in the Carrico

Ranch area, sec. 7, T. 15 N., R. 87 W., northwestern Sierra Madre,
Wyoming.

12); individual beds can be traced as far as 2 km in the
Carrico Ranch area, and one bed may extend through
the entire outcrop area of unit 3, a distance of 7 km
(Kratochvil, 1981).

Paraconglomerate is not present interbedded with
units of the Deep Gulch Conglomerate Member at the
Carrico Ranch locality, but lenses of paraconglomerate
have been identified in beds that underlie the Deep
Gulch Member at the Deep Gulch locality and as
discontinuous lenses higher in the Jack Creek Quartz-
ite succession. Highly deformed paraconglomerates are
also present in the rocks below the Deep Gulch
Conglomerate Member at Deep Gulch.

Potassium feldspar clasts characterize the sedi-
ments of unit 1. Large potassium-feldspar pebbles (in
excess of 10 mm in diameter) are common, and about
40 percent of the pebbles are larger than 2 mm. In
general, perthite and microcline are the most common
varieties of potassium feldspar. Plagioclase (Anis s3)
grains are all less than 0.5 mm in diameter; albite
grains are rare. The sorting of the conglomerates in
unit 1 is poor. Potassium feldspar grains are generally
larger than the quartz grains, except in the quartz-
pebble conglomerates.

Figure 13 shows the quartz-feldspar-mica plus chlo-
rite composition of 16 samples of unit 1. As shown, the
composition varies from arkose to subarkose. The
matrix of the conglomerates is composed of quartz
(medium to fine grained), muscovite, and feldspar,
with plagioclase making up 31 percent of the matrix
feldspars and only 18 percent of the total feldspar
present. Muscovite accounts for 64 percent of the total
mica content with biotite making up the remaining 36
percent.

The ternary quartz-feldspar-mica plus chlorite
diagram for unit 2 (fig. 13) shows that the percentage
of feldspar is lower than for unit 1, and unit 2
quartzites vary in composition between quartzarenite
and subarkose. Also, the size of the potassium-feldspar
grains is smaller than those in unit 1. Most of the
potassium-feldspar clasts are less than 2 mm (granule
size), although larger clasts are not uncommon,
especially in lag gravels. The percentage of plagioclase
decreased from 18 percent in unit 1 to 13 percent in
unit 2. As in units 1 and 3, polycrystalline quartz clasts
are common and are interpreted as vein quartz. The
percentage of mica is quite variable, from 1 to 19
percent, and muscovite is the major mica mineral.
Biotite makes up 15 percent of the mica in unit 2.

The composition of unit 3 ranges from subarkose to
arkose (fig. 13; table 9). Although the amount of
plagioclase in the matrix of the quartz-granule and
pebble conglomerates is lower than for units 1 and 2 (a
maximum of 2 percent; table 9), the total amount of



METERS
130 _ _

Lithofacies
(from Miall,

1978)

ROCKS OF LATE ARCHEAN AGE

DESCRIPTION

INTERPRETATION

63.5

50

= Braid-bar and channel accretion;
o Granule conglomerates having scour | planar crossbed represents
2 surfaces and planar crossbeds upper flow regime conditions
e over bar tops
= F
St
2 |Planar crossbedded granular conglom- .
t3 .
83 | erates Transverse bar migration
5
a Fining-upward sequences of granular |Vertical accretion of braid bars or
o conglomerates channels
Gravels represent coalescing com-
. . pound bars and channel deposits;
o Mat:;_x- a_nd clast-supgglrted hllghly planar crossbedded sandstone
£ ra ;oactlvqtr?uarltz-pe e co;vgdcém& represents upper flow regime
S era:s, wi ;I):anar crc|>ss edade conditions, transverse bar
sandstone overlying conglomerates migration, or foreset avalanche
slopes of bars
:Covered interval:
1 (fault?) I
601
‘Lt Coarsening- and fining-upward se- |Braid bar, channel, and channel lag
quences of slightly radioactive con- deposition; dune migration at top
glomerates of channel deposits
)
= £
=5 £
rs S [
S PN E
2
o
£
ss
25
=)
o
L
L
I
Low-amplitude (2-20 cm) trough cross- -
Q
] beds and local moderately radio- D‘:’"e n?;gratlon over channel lag
a active gravel lenses eposits
- - = '3 3 SP
30...'.. ‘.':.. PR
— [Coarsening- and fining-upward se- |Channel deposits and lag-gravel
£ quences and slightly radioactive deposition; rare dune migration
2 gravel lenses; scour surfaces

over bar tops

LTSS TS
b 2

Angular unconformity(?) Biotite-plagioclase gneiss basement; unmapped instrusive metagabbro removed

21

EXPLANATION
—— == Plane bedding
xxxxsy Planar crossbedding
= == Shaly lenses

~< - Medium-scale trough
crossbedding

Scour surfaces

Grain Size
° Pebble =4 mm

++2  Granule 22 mm
Very coarse 21 mm
Coarse =0.5 mm

Litho facies labels

Gm  Massive gravel

Gt Trough crossbedded gravel
Gp Planar crossbedded gravel
St Trough crossbedded sand
Sp Planar crossbedded sand
Ss Scour-fill sand

FI Laminated sand,

silt, and mud

Ficure 11.—Measured type section and palecenvironmental interpretation of the Deep Gulch Conglomerate Member of the Jack Creek
Quartzite, Ridge 1, Carrico Ranch, Sierra Madre, Wyoming. From Kratochvil (1981).
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Ficure 12.—Grain-size profile of the Deep Gulch Conglomerate Member, Jack Creek Quartzite, Wyoming. This section
corresponds to that in figure 10. Maximum particle size is the mean of diameters of the 5 to 10 largest clasts. From
Kratochvil (1981). Patterned areas are conglomerate and black areas are sandstone.
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1 ] ! | | | | | | J | | | | | 1 I

A. Biotite quartzite B. Unit1

EXPLANATION
O SM drill hole (Carrico Ranch)
A JP drill hole (Deep Gulch and Manning Ranch)
«  Potassium feldspar greater than 2/3 total feldspar
+ Plagioclase less than 1/3 to 2/3 total feldspar
X  Plagioclase greater than 2/3 total feldspar
® Mean

E. Unit 4

Ficure 13.—Ternary diagrams showing composition of sand-size fraction of subsurface samples of the lower part
of the Jack Creek Quartzite (biotite quartzite) and its Deep Gulch Conglomerate Member (units 1-3, fig.
10), Sierra Madre, Wyoming. Modes from point-counted thin sections. From Kratochvil (1981). Q, quartz;
F, feldspar; M, mica plus chlorite.
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| | | | | | | 1 |
F 50 M
Quartzites, Jack Creek Quartzite

Siliceous fraction of metacarbonates,
Jack Creek Quartzite

Q

1 | I | | | | | |
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Metapelites, Jack Creek Quartzite
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L | 1 |

I { | | |
F 50 M
Bridger Peak Quartzite

EXPLANATION

e No feldspar
O Plagioclase less than 1/3 total feldspar

+ Plagioclase greater than 1/3 to 2/3 total feldspar

X Plagioclase greater than 2/3 total feldspar
® Mean

Ficure 16.—Ternary diagrams showing composition of the upper part of the Jack Creek and the Bridger Peak
Quartzites, Sierra Madre, Wyoming. Q, quartz; F, feldspar; M, mica plus chlorite.

contains abundant clastic detritus (including a chert-
pebble conglomerate) and appears crossbedded in
places, all suggesting deposition in shallow water. One
structure resembling organic bioherms was noted.
Petrographic data are lacking for the quartzites of this
section, but field evidence suggests that these
sediments are much more mature than the fluvial
sediments of the Deep Gulch Conglomerate Member at
the base. The interbedded phyllites and metacarbon-
ates and broadly dispersed paleocurrent distribution
(fig. 17A) suggest marine deposition for these rocks.

On strike with the metacarbonate and only a few
hundred meters to the southwest, the Jack Creek
Quartzite consists of interbedded coarse-grained arko-
sic quartzite and paraconglomerate. Here, paleo-
currents suggest a westerly source. The rapid facies
change from coarse-grained, poorly sorted paracon-
glomerates, possibly debris flows (Bull, 1972), to
marine carbonates suggests deposition in a fan-delta
setting (Wescott and Ethridge, 1980).

The Jack Creek Quartzite in the cirques above North
Spring Creek Lake and the upper end of the canyon of
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PERCENT
(20 A. Carrico Ranch area
129 measurements
-10
-0

B. Upper end of Jack Creek Canyon
area and the cirque above North
Spring Creek Lake
22 measurements

C. Total of above plus 4 from Dexter
Peak
155 measurements

Ficure 17.—Paleocurrent directions identified for the Jack Creek
Quartzite, excluding its Deep Gulch Conglomerate Member, Sierra
Madre, Wyoming. Paleocurrents are plotted in percent of total for
30° intervals. Paleocurrent measurements were restored to
horizontal by assuming reclined folds with.west to northwest
plunge (Karlstrom and others, 1981) and flexural-slip folding.
These assumptions are questionable, and uncertainty in unfolding
folds makes paleocurrent data questionable.

Jack Creek does not contain a fluvial conglomerate
facies at its base. Rather, the quartzites here are fine
grained, sericitic, and calcareous. Several large-scale
crossbeds and herringbone cross-stratifications are
present along with abundant smaller scale planar
crossbeds. Paleocurrent distribution is bimodal
northeast-southwest (fig. 17B). Other metasedimen-
tary rocks in this area include well-laminated, fine-
grained, graded quartzites; thinly bedded, alternating
beds of metacarbonate and very fine grained quartzite
(metachert?); and phyllites. These lithologies suggest

29

deposition on a shallow marine shelf under the
influence of tidal currents.

SILVER LAKE METAVOLCANICS

The Silver Lake Metavolcanics consist of mafic meta-
volcanic rocks, granite-boulder paraconglomerate,
biotite schist, metagraywacke, metatuff, quartzite, and
metacarbonate. This newly named unit is well exposed
in the cliffs between South Spring Creek Lake and
Silver Lake (unit Wsm, secs. 10-13, T. 14 N, R. 86 W,
pl. 1), and this area is defined as the type locality.
Generally poor exposures and complex structure make
it difficult to measure aecurately the thickness of the
unit, but throughout the study area it seems to range
from 300 to 1,000 m. Contacts with the Jack Creek
Quartzite and Bridger Peak Quartzite are believed to
be disconformable. The paraconglomerates are thickest
just south of Bridger Peak, whereas the meta-
graywacke and tuffaceous rocks are thickest on the
north flanks of the Divide Peak synclinorium. Abrupt
lateral and vertical facies changes are common.
Various levels of the Silver Lake Metavolcanics were
intersected by drill holes SM7, SM9, SM11, and SM12
(Tps. 14-15 N., Rs. 85-87 W, pl. 1).

Petrographic data are given in table 12. Metabasalts
are dominated by either actinolite or hornblende. Chlo-
rite, garnet, and talc commonly are present in the
metabasalt rocks; chlorite, biotite, and plagioclase are
common constituents of the metabasalt rocks. Several
of the samples contain enough quartz to be an
intermediate volcanic rock. We consider these rocks to
be volcaniclastic in origin because of their fragmental
character.

The paraconglomerates of the Silver Lake Metavol-
canics (fig. 18) consist of metasedimentary, granitic,
and metavolcanic clasts (as large as boulder size) in a
matrix containing quartz, plagioclase, muscovite, chlo-
rite, biotite, epidote, and amphibole.

Pelitic rocks of the Silver Lake Metavolcanics consist
of a mixture of quartz, plagioclase, mica, and chlorite
(table 12). These rocks are generally not as feldspathic
as most of the Silver Lake rocks. Epidote, garnet, and
actinolite may be abundant locally. The one field-
identified marble is petrographically a very calcareous
quartzite (table 12).

A variety of tuffaceous or volcaniclastic meta-
sedimentary rocks is present in the Silver Lake Meta-
volcanics. These rocks contain abundant quartz,
feldspar, and mica as well as local chlorite, epidote,
garnet, carbonate, and hornblende (table 12), and they
are generally arkosic (fig. 19). Most rocks are poorly
sorted, and some have a distinct bimodal grain size
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The pyritic quartz-pebble conglomerate at Vulcan
Mountain is lithologically similar to the fluvial
sediments of the Deep Gulch Conglomerate Member,
suggesting that the basal part of the Bridger Peak
Quartzite may also be partly fluvial in origin. The
genesis of the bulk of the unit remains uncertain. The
more mature texture and mineral content suggest
waning volcanism and tectonic activity during
deposition.

INTRUSIVE ROCKS

Quartzo-feldspathic basement gneiss and supra-
crustal rocks of the Vulcan Mountain Metavolcanics,
Overland Creek Gneiss, and Phantom Lake Meta-
morphic Suite are crosscut by granitic plutons of
Archean and earliest Proterozoic age in several places
in the Sierra Madre and Medicine Bow Mountains.
These granitic intrusions have a variety of compo-
sitions including quartz-alkali-feldspar granite, alkali-
feldspar granite, granite, granodiorite, quartz monzo-
diorite, and tonalite (tables 14 and 15). Three felsic
bodies have been dated: the gray Spring Lake Grano-
diorite of the central Sierra Madre as about 2,700 Ma,
the red-pink orthogneiss of Premo (1983) in the
northern and northeastern Sierra Madre as about
2,700 Ma, and the pink Baggot Rocks Granite in the
western Medicine Bow Mountains as about 2,450 Ma.

SPRING LAKE GRANODIORITE

Gray, foliated granodiorite, herein named the Spring
Lake Granodiorite (unit Wsl, pl. 1), crops out over an
area of about 80 km? in the north-central and
northwestern Sierra Madre where it intrudes Archean
quartzo-feldspathic gneiss, the Vulcan Mountain
Metavolcanics (fig. 20), and rocks of the Phantom Lake
Metamorphic Suite. The type area is in the area
between South Spring Creek Lake and the abandoned
Jack Creek mine site. Southeast of the Carrico Ranch
(pl. 1), a small body of granodiorite believed to be the
Spring Lake Granodiorite cuts the Silver Lake Meta-
volcanics of the Phantom Lake Metamorphic Suite and
is, in turn, intruded by mafic igneous rocks (too small
to show on plate 1, in S¥%SWV4 sec. 8, T. 15 N, R. 87
W.). Spring Lake Granodiorite is similar to massive
phases of the quartzo-feldspathic gneiss of the Archean
basement, and until detailed mapping was done in the
north-central Sierra Madre (in the type area), the
Spring Lake Granodiorite had been considered part of
the quartzo-feldspathic gneiss terrane. It is strongly
foliated and is typically conformable in structure to
rocks it intrudes. Hence, it is indeed difficult to
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distinguish from quartzo-feldspathic gneiss of the
basement in much of its outcrop area.

A.C. Spencer recognized the intrusive nature of the
Spring Lake Granodiorite during his reconnaissance
geologic studies of 1902 (Spencer, 1904, p. 37); he
showed quartz diorite intruding metavolcanic rocks on
his geologic map (Spencer, 1904, pl. 2). Geochemistry
and petrography of the Spring Lake Granodiorite are
shown in tables 14 and 15. The Spring Lake Grano-
diorite is more mafic than the red-pink orthogneiss and
Baggot Rocks Granite with the exception of an outcrop
of red granite in the extreme northwest Sierra Madre
(sample 9, table 14). It also is older than Baggot Rocks
Granite inasmuch as the best-fit whole-rock rubidium-
strontium isochron for samples collected near the Jack
Creek mine site suggests an age for the Spring Lake
Granodiorite of this area as about 2,700 Ma. C.E.
Hedge (written commun., 1983) attempted to date the
Spring Lake Granodiorite by the whole-rock rubidium-
strontium method. He concluded that this unit is
probably 2,700 Ma old but that the samples had been
so disturbed by a later event that the age could not be
determined to an acceptable degree of accuracy. A
uranium-lead zircon date determined by Premo (1983)
that verifies Hedge’s conclusion is 2,710+12 Ma for the
Spring Lake Granodiorite.

RED-PINK ORTHOGNEISS OF PREMO (1983)

Many red to pink bodies of orthogneiss crop out in
both the Medicine Bow Mountains and Sierra Madre
(unit Wg, shown as granite and granite gneiss on pl. 1).
Dated orthogneiss is in the northern and eastern
Sierra Madre, but intrusions that are similar in
composition and texture are in the Medicine Bow
Mountains on Elk Mountain, southwest of Arlington,
and along North Brush Creek (T. 16 N., R. 81 W,;
Houston and others, 1968).

The orthogneiss is typically concordant in structure
with enclosing quartzo-feldspathic gneiss and locally
has gradational contacts with the gneiss, with or
without an augen gneiss transitional phase. Locally
massive phases of the orthogneiss cut the basement
quartzo-feldspathic gneiss, showing that the ortho-
gneiss is younger than the basement or has been
mobilized preferentially in a later event.

The red-pink orthogneiss has been dated in two
localities by Premo (1983). An orthogneiss of tonalitic
composition from the northern Sierra Madre
(NWVsNWY4, sec. 16, T. 16 N., R. 86 W.) yielded a
uranium-lead zircon age of 2,665+28 Ma, and an ortho-
gneiss of tonalitic composition from the northeast
Sierra Madre (NEV4SWY4, sec. 14, T. 15 N, R. 85 W)
yielded an age of 2,683+5 Ma.









37

"M 6L "8 “N 61 "L ‘85 998 "AHS ‘YooI) 9300 IBON ‘9T
"M 8L "4 “N 61 "L ‘1€ 998 AEN ‘Uojdunty eoN Gl

"M T8 " “N 9T ", ‘€ '998 10que0 ‘jXeq ujooury JeaN -y

"M €8 ¥ “N ST "L ‘s¥o0y j0338g teaN g1
‘M 389 “N LT "L ‘¥g 998 193u0) T

‘M L8 ¥ “N ST "I ‘L 098 YAASAMS
YouBY 0OLLIE() JO YINOS SOTUBD[0ABIDJY ST 9A[LS SINOSS0M (Aean) 0T
"M 88 ¥ “N ST "L ‘T 998 %A MSYAHS ‘Youey 00LLIED JO YHI0U 'poy 6

"M 98 "H"N 9T "I ‘8% "998 %4ANFATN ‘Yo01) Bpowe[y 18U :poy ‘8

"M 98 " “N 9T "L ‘Z8 98 AASAMN ‘Y091 Houp 189U ‘pay L

"M 98 "9 “N ¥1 'L ‘¥ 998 AMSIAWS ‘onban oxer yoa1) Juudg yiaoN ul Lexn 1T ‘(6% 'd ‘9L6T) sLAId  '9-T
SNOLLAIMOSAd TTINVS

90°.6 3986 PS'L6  ¥L'B6  88'L6 8¥'L6 88'96 GG'86 9696 €9'.6 1666 F0'00T 8666 1666 €666 U reoL
B - _ — 9¢'1 — — - - — — sy cg' 2z g9 og 0g° ONH.H
m - - - - - - - - - - 80 148 30" T 8T ST’ : 20D
2 (4 10° ¥0° - 48 eT 8% 3T 90° or T A o1 T 30’ 90° R 0 |
m g 0 o 154 1 g 09’ 0g° (V) oy 30’ 43 g0’ T’ S0 18 " 0] 41
Q 16'% %%'6 1) 4 e1'g %8s 86'¢ 982 oyt 69'e 19T €9% 16 82'¢ L8V  BEY  8LF et Q%Y
ﬂ Iy 8L 44 s¥'e 9%V gLe 'y T1'9 8Ly ¥5¢ TI'S  99¢ 30 S0¥  9%'¢ GG e gfRN
Q $8'1 gr 98’1 19T 18 92'% 4:44 $9'¢ ey L91 30'1 0S'1 eIt P9 61’1 54 3 S 0 1 ¢
m L0° 10’ %0 - G0 S0’ 80° 80 g0’ €0’ 100" 080 ¢I0°  ¥10° 100 100" " QUIN
&) g% <y (43 gL 68’1 qqT pLe PLT eT’ el 10 0g’ or’ 8T’ ST S0 "08IN
LTy 6% 981 88T 2% 68'¢ 88y oLy 10T 98C 89 e1'e I er 8g° Le -~ €0%
L'et 9'¢el 1°g1 SP'er 921 631 %1 g'q1 PIT el 88€l 899l LIPT  LEST  TZST 00°GT s g%V
%'L9 e'aL geL  99°0L L'0L 2'69 929 L'29 §'GL  9TL 88SL FVIL SI'GL  GOSL  LPBL  TLIL eeeeefong
66-094S 192  0£-694S - 03-6LdS 10SAV  1-440dV  I-THDOAV PSS SSIWS 6STID  2STAD  90IDV  OVIDV  L90DY  GIODY oo -oN o[dweg

91 ST 1 1 A 1T o1 6 8 L 9 g ¥ g 4 1

SUTRJUNO] MOg SUIIIPIN

Ipe\ BLIOIg

[pourmLIa;op jou ‘-- *(R96T) 4910 puEe UC)SNO] Wolj 6T pue g1 sepdwres {91 ‘¥1 ‘GI—L sojdures) Sunnolp Jo LUSIvATUN ‘9590¢] 9AMG ‘(9—T sojdures

‘9L6T) SIAL( Ue[[y :§38A[euy ‘ejLIoIpourly) oye] SuLidg exe ZT pue T ‘ejruen) syooy joddegq st g odures ‘sseuoy)to yuid-pex oxe g-1 sejdureg -juedsed Ul eJe san[e) QT 9[qE) Ul ULALF 91 SOWBU 30X Pue FesA[BUE [BPOW J[qE[BAY]

Sunuokp ‘surpunopy mog auIdIPIJY PUD 2LPDJY DLIBIS Y7 WOLf $3004 201SNLUT 2131UDLT UD2YD.LY Jo sa)dwDs Jo sasLpup Jponway)—HT TTAV],



STRATIGRAPHIC SUBDIVISIONS, ROCKS OF SIERRA MADRE AND MEDICINE BOW MOUNTAINS, WYOMING

38

"M 98 "8 “N 91 "L ‘T€ 938 ¥ HSYIMN 4D Yoef JeaN

"M 98 M N I "L Y 998 S ‘e Year) Suudg yuoN 1esN
M L8 Y "N ST "L ‘L 938 % HS ‘UPEN BHIIS WINSIMUUON
"M 88 M "N ST "L ‘T 935 7N “UPEN BUAIS WASIMYLUON

"M S8 " “N ST "L ‘1€ 995 14N “MPE BIIIS WASLIYUON ‘YrISL
"M 88 "4 “N ST "¥ ‘1 "998 iMSYTS ‘Youry 0dIED JO YuoN  :[-TdOdV
M L8 79 "N 91 "L *ST 935 ‘NS [0y [TUPp wol] :IyE-€INS

"M 98 M “N ST L ‘1 "93S %N ‘PEN BLSIS WIISLIYUON ‘66N S

SHLLITVOOT T1dNVS

‘ESNS

H1-08dV
HI-Lu0d4V

‘9SS

‘MYS A UNST L,
‘M S8 H N SI L

uuerny - - == IL 1L - - - - - IL IL 14! L 144 0g v (g) wesy
+{EL6T PUANH) utB of PR SHIP IR
auueln 1€-82 iL 1L 1L 1L - -- - - -- €€ iL oSt L'e 09¢ €0E " (€) uea
J(IL6T ‘PRI auead 0} pajefas SIHIP ASPA
amelny - -- - 1L IL 1L -- -- - IL IL 9 S 97 81 6C " (p) wespy
AELGT SYBnH) ey
duopouery  Z¢—0¢ 1L 1L 1L - iL -- - - - (4! IL S1e Tl 79¢ TiE U (P) uesy
{IL6T “RIMW) Muetn

JjuoIpoueIn I I I € T 81 17 87 (g1 ues
auelny - -- - - - 1L - - - - - - 11 S'6C ey *0V1DV
Jjuotplouely QI - - - - 1L -- - -- - 1L - IL Tl 00s %9010V
auein 9 -- - - -- 1L -- - - - - -- - LLe (A4 “xb01DV
9)uoIpoZUOW Z)Lend) 8 -- -- -- - - - -- -- -- 1L -- 8'0 'L 9cs " xL90DV
INueIH o1 - - = - - - - - - 1L - IL L'9T S6% " x7900V
squoipozuow zyend) ¢ - - - - - -- - - -- 1L -- -- 9'LT %Y "*S10DV
JjuoIpoueIn 8 -- - - -- 1L -- - - -- 1L - 1L S91 (A 59 %65 140
alifeuo], - b - - - - - - - - [9Y 60T Tl - 6°LY YT TTTTTTUTUVRISL
‘od - - - -- - - 1'€ Tl - o€l 6% 1L - (%4} LSy g6l U I-TNOAV
‘o - - - - - - -- 'y L1 - - 6'¢l 8's 'l LAY TLT TTUIPEEIAS
duorpouery - - - - - - 61 - 90 8¢ (Y4 (A 9°¢l ooy gre T 66NS
ajjeuo], - - - - - - -- 90 - - 90 - ¥'6 8T 9'LE 6y TUTTTTTESINS

(310daa supy) apuean)

SjuoIpouer I € 4 S Sl C el €t yz " (g) weay
‘o - - - - - - e 81l 'l - 01 139! €T 091 £'8¢ 9'0€ "TTTTI-DS4V
oq - - - - - - - 9°¢ - 901 9¢ 901 I'e 901 8'8¢ oSt

Sjuorpouely - - - - - - - 14 - 90 89 661 (4 8’1l ¥0¢e L9t

(340daa spyy) riopousas) aye] Sudg

aseporSerd asepooierd

‘uss asepordeid d: X
GEME«: “M”:mv 1 a__MEMM__Z auoy) auaydg m“”._aM_MMu: uoonrz, ;Mmedy  1oye 1958 Jleuoqre)) opusjquIoy Jopidg Ao AMACISNA _h”_“””wn_ asepoiferd zwend) - %—ﬂm
aopidy  anoueg
[PoUIILISP 10U ‘- 308N 3L, (9L61) SIALQ WO s3(dures °, "SUONDAS U P qutod woly u3di3d uf ‘sapoN]

Suruop ‘aLpopy D4421S Y7 WOl §Y204 3aI1SNLFUT XIUDLE UDYILY fo sajdwms Jo suorsodutod [PO— G T1AV],



METASEDIMENTARY ROCKS OF EARLY PROTEROZOIC AGE NORTH OF THE CHEYENNE BELT

deposition of the basal Deep Lake Group took place
after 2,450 Ma. Premo (1983) dated a metagabbro that
intrudes the Cascade Quartzite (a unit in the upper
part of the Deep Lake Group) as 2,092+4 Ma by the
uranium-lead zircon method. These dates of Premo
bracket the deposition of rocks of the Deep Lake Group
between about 2,450 and 2,100 million years.

METASEDIMENTARY ROCKS OF EARLY
PROTEROZOIC AGE NORTH OF THE
CHEYENNE BELT

Rocks of Early Proterozoic age that overlie uncon-
formably or are in fault contact with Late Archean
successions are here formally named the “Snowy Pass
Supergroup” (pl. 1) for Snowy Range Pass, sec. 20, T.
16 N., R. 79 W, in the Medicine Bow Mountains and
the Snowy Pass Group (pl. 1) in the Sierra Madre (this
report and Karlstrom and others, 1983). In the
Medicine Bow Mountains, these rocks include the Deep
Lake Group (pl. 1), which consists largely of fluvial
successions, and the Libby Creek Group (pl. 1), which
contains largely marine rocks. The Deep Lake Group
and Libby Creek Group successions are primarily
siliciclastic metasedimentary rocks (quartzite-domi-
nated rock successions). Only one formation, the
Towner Greenstone (unit Xt, pl. 1) of the Libby Creek
Group, consists of volcanic rocks. The type section of
the Snowy Pass Supergroup is well exposed along
Wyoming Highway 130, where the French Slate (unit
Xf, pl. 1) is in sec. 14, T. 16 N., R. 79 W., and
successively older formations are exposed along the
highway to the west. The oldest formation exposed
along Wyoming Highway 130 is the Medicine Peak
Quartzite (unit Xm, pl. 1) in sec. 23, T. 16 N., R. 80 W.
The type section of the Snowy Pass that includes
formations below the Medicine Peak Quartzite
continues by taking the dirt road north to South Twin
Lake and Gold Hill, secs. 14, 15, and 16, T. 16 N., R. 80
W. In the Sierra Madre, correlative rocks are referred
to as the Snowy Pass Group, because our stratigraphic
understanding of these units is less detailed, reflecting
the complex structure in the Sierra Madre. The Snowy
Pass Group is divided into six formations (pl. 1).

Rocks of the Deep Lake and Libby Creek Groups
have been described in detail previously (Houston and
others, 1968; Karlstrom and Houston, 1979a, 1979b;
Lanthier, 1979; Graff, 1979), so it is not necessary to
repeat rock descriptions in this report. However, that
terminology is adopted with the changes shown in
table 16, made necessary by recent mapping.
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DEEP LAKE AND LIBBY CREEK GROUPS OF THE
SNOWY PASS SUPERGROUP IN THE MEDICINE
BOW MOUNTAINS

The Deep Lake Formation of the Medicine Bow
Mountains was raised in stratigraphic rank to Deep
Lake Group by Karlstrom and Houston (1979a, 1979b),
and it included six formations (table 16). However, we
now consider the uppermost unit, the Rock Knoll
Formation, to be part of the overlying Libby Creek
Group because it is in apparent depositional contact
with the overlying Headquarters Formation of the
Libby Creek and is now interpreted to be entirely in
fault contact with the underlying Vagner Formation of
the Deep Lake Group (fig. 21). Evidence for the fault
contact between the Rock Knoll and Vagner
Formations includes: (1) breccias at the contacts
between these formations in Trail Creek (sec. 26, T. 17
N., R. 79 W.) and South Brush Creek (secs. 15 and 22,
T. 16 N., R. 80 W.); (2) change in strike of bedding by
45° south of Vagner Lake (sec. 1, T. 16 N., R. 80 W.); (3)
change in dip of bedding by 70° northwest of Rock
Creek Knoll (secs. 27 and 34, T. 17 N., R. 79 W.); and
(4) a topographic scarp between Reservoir and Vagner
Lakes (pl. 1) (Lanthier, 1978, p. 26). This fault contact,
here called the Reservoir Lake fault, is now considered
to be the contact between the Deep Lake and Libby
Creek Groups.

The amount and sense of displacement on the
Reservoir Lake fault are not known; the fault is sub-
parallel to bedding, and there are no stratigraphic
cut-offs that can be matched on opposite sides of the
fault. We interpret the fault as a thrust for three
reasons. First, it is at a low angle to bedding. Second,
inferred extensions of the Reservoir Lake fault to the
southwest juxtapose rocks of the Libby Creek Group
with Archean gneissic basement, without intervening
rocks of the Phantom Lake Suite and Deep Lake Group
(pl. 1). This relationship suggests large displacement.
Third, in the Reservoir Lake area, the fault separates
the Vagner Formation from the Headquarters
Formation, both of which contain diamictite units of
similar character. Whereas these formations cannot be
directly correlated because of the presence of marble in
the Vagner but not in the Headquarters, both are
believed to have been deposited in a similar glacio-
marine setting. Thus, the fault may have caused
repetition of different facies of approximately the same
stratigraphic zone, implying thrust displacement large
enough that sedimentary facies are different in the
footwall and hanging wall.

The alternative explanation is that there is very
little displacement along the fault in the Reservoir
Lake area and that the stratigraphic succession is
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essentially uninterrupted in this area (Houston and
others, 1968). This interpretation suggests that the
Reservoir Lake fault is not continuous with the faults
to the southwest, mentioned above. This lack of
continuity remains a possibility but creates problems
in explaining the juxtaposition of the Libby Creek
Group with Archean basement. Houston and others
(1968) proposed a possible unconformity at this contact
but, as they pointed out, no sedimentary evidence is
here or elsewhere in the Medicine Bow Mountains for
such an unconformity, no basal conglomerates, and no
concentration of granitic detritus in the lower part of
the Libby Creek Group. Thus, at present, we prefer the
thrust-fault interpretation.

Uncertainties in the nature of the Deep Lake-Libby
Creek contact pose some uncertainties in assigning
relative ages to the two successions. All previous
workers have interpreted the Libby Creek Group to be
younger than the Deep Lake Group based on
stratigraphic evidence (Blackwelder, 1926; Houston
and others, 1968). We still believe this interpretation
to be true, in spite of our proposed thrust fault. If the
Vagner and Headquarters Formations are indeed
diverse facies of a single stratigraphic zone repeated by
thrusting, then the stratigraphic-sequence argument
is still valid. Furthermore, even if these two glacial
units cannot be considered to be broadly time-
equivalent units, there are indications that the Libby
Creek Group is younger than the Deep Lake Group.
Houston, Karlstrom, and Graff (1979) and Houston
and Karlstrom (1980) suggested a correlation between
the Deep Lake and Libby Creek Groups of the Medicine
Bow Mountains and the Huronian Supergroup of
southern Ontario (fig. 21). The most compelling units
for correlation, in ascending order, are: (1) pyritic and
radioactive quartz-pebble conglomerates (Magnolia
Formation of Wyoming and Matienda Formation of
Ontario); (2) glacial diamictites (Campbell Lake, Vag-
ner, and Headquarters Formations of Wyoming, and
Ramsay Lake, Bruce, and Gowganda Formations of
Ontario); (3) hematite-bearing, aluminum-rich
quartzites (Medicine Peak Quartzite of Wyoming and
Lorrain Formation of Ontario) (fig. 21). These
correlations suggest that the Libby Creek Group is
younger than the Deep Lake Group. Also, the presence
of hematite-bearing rather than pyrite-bearing
quartzites in the Libby Creek Group is evidence that
the Libby Creek Group is younger than the Deep Lake
Group, if Roscoe (1973) is correct about the significance
of these minerals as indicators of an increase in the
oxygen content of Earth’s atmosphere in the Early
Proterozoic.

The Libby Creek Group of the Medicine Bow
Mountains is now divided into lower and upper parts

(pl. 1, table 16). This distinction is made for several
reasons. First, the lithologies in these two successions
are quite different. Whereas the lower succession is
predominantly siliciclastic, the upper part of the Libby
Creek Group contains dolomite, volcanogenic rocks,
and black slate. This major change in lithology
indicates different conditions for sedimentation for the
two successions. Second, new map interpretations
place a major fault, the Lewis Lake fault, between the
Sugarloaf Quartzite and the Nash Fork Formation.
Evidence for this fault includes: (1) the disappearance
of the Sugarloaf Quartzite in secs. 9, 10, and 17, T. 16
N, R. 79 W.; (2) an abrupt thinning of the Medicine
Peak Quartzite in sec. 2, T. 16 N., R. 79 W_; and (3)
various breccia zones along the contact (Lanthier,
1978, p. 26). We interpret the fault to be a rotated
thrust fault, which implies that the upper part of the
Libby Creek Group is allochthonous or par-
autochthonous with respect to the lower part and may
have been deposited in very different tectonic and
sedimentary environments. Third, although the exact
age relationship between the two successions is not yet
clear, there is one indication that the upper part of the
Libby Creek Group may be appreciably younger than
the lower part. The Gaps Intrusion (unit Xgt, pl. 1) cuts
the lower part but not the upper, and regional
correlations with other metasedimentary successions
in North America suggest that the upper part of the
group may correlate with the 1,900- to 2,100-Ma Mar-
quette Range Supergroup of Michigan, whereas the
lower part may correlate with the 2,150+-Ma Huronian
Supergroup of Ontario (Houston and Karlstrom, 1980)
(fig. 21).

A stratigraphic column for metasedimentary rocks of
the Snowy Pass Supergroup of the Medicine Bow
Mountains is shown in figure 3. Maximum thickness of
the Deep Lake and Libby Creek Groups is about 10,555
m, and total thickness of Archean and Proterozoic
successions is between 13,000 and 16,000 m.

SNOWY PASS GROUP IN THE SIERRA MADRE

The stratigraphy of the Proterozoic rocks of the
Sierra Madre was described by Divis (1976) and Graff
(1979), and except for the newly named Bottle Creek
Formation, the detailed lithologic descriptions are not
repeated here. However, recent mapping has neces-
sitated several terminology changes: (1) some of the
rocks assigned to the Vagner Formation in the Sierra
Madre by Graff (1979) are reassigned in this report to
the Bottle Creek Formation; (2) the Copperton Quartz-
ite is called the Copperton Formation from Karlstrom
and others (1983); (3) the Singer Peak Formation
includes both the Singer Peak Formation and rocks
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Ficure 21.—Comparative stratigraphy of metasedimentary rocks of the Sierra Madre; Medicine Bow Mountains; north shore of Lake Huron,
Ontario, Canada; and Dickinson County, Michigan.

assigned to the Campbell Lake Formation by Graff SINGER PEAK FORMATION

(1979); and (4) the entire Proterozoic succession is

referred to as the Snowy Pass Group—lower, middle, The Singer Peak Formation of this report (unit Xsp,
and upper parts—for reasons discussed below (figs. | pl. 1) includes the Singer Peak Formation and Camp
9, 21). bell Lake Formation of Graff (1978, 1979). The Camp-
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bell Lake Formation of Graff overlies the Singer Peak
of Graff in the western Sierra Madre in a limited
outcrop area and cannot be positively identified
through most of the Sierra Madre. Because of its
limited outcrop area and discontinuous nature, the
rocks assigned to the Campbell Lake in the Sierra
Madre by Graff are defined as part of the Singer Peak
of this report. The Singer Peak Formation of this report
is named for Singer Peak in SW¥%4 sec. 11, T. 14 N., R.
87 W, of the Sierra Madre. The type area for the lower
part of the Singer Peak is in the western Sierra Madre
in SEV4 sec. 4, NEVssec. 9, T. 14 N, R. 87 W,, and that
of the upper part of the Singer Peak is also in the
western Sierra Madre in E¥2 sec. 8, T. 14 N., R. 87 W.
The Singer Peak Formation is thicker in the western
Sierra Madre, where it is about 831 m thick. The exact
thickness is uncertain because the unit is folded and is
not fully exposed. The unit thins to the east to less than
500 m in sec. 20, T. 14 N., R. 85 W. East of sec. 20, T.
14 N, R. 85 W, the Singer Peak Formation is missing,
and a thick gabbroic sill occupies the stratigraphic
position of the Singer Peak. The Singer Peak may
simply thin to the east, but we suspect it was removed
by a fault that brings the Cascade Quartzite against
the Magnolia Formation of the Deep Lake Group.
The lower part of the Singer Peak Formation
(formally assigned to the Singer Peak Formation by
Graff, 1979), from base to top, consists of thick silver-
colored phyllites with red garnet, lesser amounts of
medium-grained buff to orange quartzites, thick green
phyllites, and thin blue phyllites. The quartzite layers
are thin and sparsely scattered through the green
phyllite. The green phyllite also contains lenses of
graywacke that thicken toward the upper part of the
green phyllite. No primary structures were noted in
this lower part with the exception of bedding in quartz-
ite. The upper part of the Singer Peak Formation
(formally assigned to the Campbell Lake Formation by
Graff, 1979) is discontinuous and consists of poorly
sorted paraconglomerate containing angular granite
clasts, thin quartzites, and thin green phyllite. This
part is best exposed in E%2 sec. 8, T. 14 N, R. 87 W.
Quartzite of the upper part is thinly bedded, fine- to
medium-grained micaceous rock having rare crossbeds
and channels. Paraconglomerates, possibly of glacial
origin, contain poorly sorted, angular clasts of granite
in a dark-green to black phyllitic matrix. Matrix-
supported clasts range from 30 ¢cm to a few millimeters
in longest dimension and may be widely scattered
within the rock. Foliation of matrix material is bent
around clasts locally, suggestive of dropstone textures.
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The Singer Peak Formation interfingers with the
Magnolia Formation in the Dexter Peak area (sec. 21,
T. 15 N., R. 87 W.), but contacts are not exposed
elsewhere. The contact between the Singer Peak and
the Cascade Quartzite is poorly exposed but is probably
an unconformity (pl. 1).

The Singer Peak Formation of this report is
correlated with the Lindsey Quartzite and Campbell
Lake Formation of the Medicine Bow Mountains (fig.
21). In the Medicine Bow Mountains, the Lindsey
Quartzite is interpreted as fluvial and the Campbell
Lake Formation as of possible glacial origin (Karlstrom
and others, 1983). The Singer Peak Formation of the
Sierra Madre may be an offshore facies of the Medicine
Bow Mountains formations.

VAGNER FORMATION AND COPPERTON QUARTZITE OF
GRAFF (1979)

Graff (1978, 1979) correlated his Vagner Formation
of the Sierra Madre, a heterogeneous assemblage of
quartzite, marble, phyllite, and diamictite, with the
Vagner Formation of the Medicine Bow Mountains; the
Copperton Quartzite was correlated with the overlying
Rock Knoll Formation; and the Slaughterhouse
Formation above the Copperton was correlated with
the Headquarters Formation of the Medicine Bow
Mountains. Thus, Graff suggested that the Slaughter-
house was the only unit in the Sierra Madre correlat-
able with the Libby Creek Group of the Medicine Bow
Mountains. However, recent mapping in the western
Sierra Madre demonstrates that the Copperton
Quartzite of Graff is a threefold unit consisting of a
lower kyanitic quartzite (that we correlate with the
Medicine Peak Quartzite of the Medicine Bow
Mountains), a middle laminated phyllite (that we
correlate with the Lookout Schist of the Medicine Bow
Mountains), and an upper orthoquartzitic quartzite
(that we correlate with the Sugarloaf Quartzite of the
Medicine Bow Mountains). We therefore have changed
the formal name of the Copperton Quartzite to Copper-
ton Formation (unit Xcp, pl. 1), and we redescribe the
lithology as discussed below.

The Vagner Formation of Graff (1979) occupies the
stratigraphic position of the Vagner Formation, Rock
Knoll Formation, Headquarters Formation, and Heart
Formation of the Medicine Bow Mountains. We believe
that Graff was correct in correlating rocks of his
Vagner with those of the Medicine Bow Mountains, but
we believe that Graffs Vagner includes equivalents of
the Headquarters Formation and Rock Knoll
Formation of the Medicine Bow Mountains. We have
therefore reassigned in this report Graffs Vagner
Formation of the Medicine Bows to the newly named
Bottle Creek Formation of the Sierra Madre.
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Because rocks of the Bottle Creek Formation
straddle the boundary between the Deep Lake and
Libby Creek Groups of the Medicine Bow Mountains,
we no longer use the terms “Deep Lake” and “Libby
Creek Groups” in the Sierra Madre. Instead, we refer
to the entire lower part of the Proterozoic succession as
the Snowy Pass Group (fig. 21).

BOTTLE CREEK FORMATION

The Bottle Creek Formation as defined in this report
is named for Bottle Creek in sec. 24, T. 14 N., R. 85 W.
and sec. 19, T. 14 N, R. 84 W. of the eastern Sierra
Madre. The type section of the Bottle Creek is in secs.
22, 23, 26, and 27, T. 14 N., R. 87 W., of the western
Sierra Madre. We doubt that there is a complete
section of the Bottle Creek anywhere in the Sierra
Madre, because parts of the section have been removed
by faults. The Bottle Creek is exposed in the center of
a syncline in the area of the type section; we believe
that the lower and middle parts of the Bottle Creek are
exposed here. In this area the base of the Bottle Creek
is a diamictite unit that is overlain successively by
metalimestone, quartzite, a diamictite unit, and
quartzite. The upper quartzite is in the center of the
syncline where any younger beds were probably
removed by erosion. The diamictite units of the Bottle
Creek consist of paraconglomerate in a matrix of green
or tan phyllite interbedded with medium- to coarse-
grained, pale-green, schistose, feldspathic quartzite.
Dispersed angular to round clasts (as much as 60 cm in
diameter) of red granite, gray granite, quartzite, and
green phyllite are in the paraconglomerates. In less
deformed areas individual clasts can be removed from
the conglomerate matrix, and some have a flatiron
shape suggestive of glacial origin. Bedding and (or)
foliation is generally warped around clasts because of
deformation, but in a few areas textures suggestive of
dropstones have been recognized. The quartzites are
slabby and buff with interbeds of phyllite. The
carbonates are fine grained, yellow, red, and green
metalimestone. The thickness of individual units
within the Bottle Creek varies greatly but averages in
the type section are: lower diamictite unit 80+ m;
metalimestone, 30 m; quartzite, 150 m; diamictite unit,
50 m; and upper quartzite, 50+ m.

The Bottle Creek Formation was removed by a fault
in sec. 29, T. 14 N, R. 86 W, reappears in sec. 30, T. 14
N., R. 85 W, and continues to sec. 30, T. 14 N., R. 84
W., where it was also removed by a fault. The
easternmost outcrop of the Bottle Creek is a 3.1-
km-long faulted sliver in secs. 27 and 28, T. 14 N., R. 84
W. We believe that only the lower part of the Bottle
Creek is exposed east of the type section where the
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formation thins to about 250—-300 m. Some of the best
exposures of the Bottle Creek Formation are in the
eastern Sierra Madre along the Hog Park Road south
of the area where the road crosses Bottle Creek and
north of the area where the road crosses the north fork
of the Encampment River. Here it consists of interfin-
gering phyllites, paraconglomerates, calc-silicate
schists, and quartzites. Outcrops west of the Hog Park
Road show textures and structures suggestive of
glacial origin.

The contact between the Bottle Creek and
underlying Cascade Quartzite is poorly exposed but is
probably an unconformity. The upper contact in the
Sierra Madre is a fault that brings the Copperton
Formation or Slaughterhouse Formation against the
Bottle Creek (pl. 1).

We correlate the lower diamictite unit and metalime-
stone of the Bottle Creek with the Vagner Formation of
the Medicine Bow Mountains; both formations have a
lower diamictite unit and an upper limestone, a
stratigraphic sequence found nowhere else in either
range. We suggest that the middle quartzite and upper
diamictite unit of the Bottle Creek may correlate with
the Rock Knoll Formation and Headquarters
Formation of the Medicine Bow Mountains. All of the
units of the Bottle Creek are thinner than possible
correlatives in the Medicine Bow Mountains, but
lithologies are very similar except that beds of the
Sierra Madre are thinner and contain more phyllite.
We interpret the Bottle Creek as an offshore facies of
the Medicine Bow succession, and we consider it glaci-
omarine.

The correlation between probable glaciomarine units
in the Sierra Madre and Medicine Bow Mountains is
convincing and helps to verify the overall correlatives
that have been suggested for the two ranges (fig. 21).

COPPERTON FORMATION

Recent mapping in the western Sierra Madre shows
that the Copperton Quartzite of Graff (1978, 1979) is a
threefold unit consisting of a lower quartzite, a middle
laminated phyllite, and an upper quartzite. The middle
laminated phyllite is well exposed in sec. 31, T. 14 N,,
R. 86 W., (unit Xcp, pl. 1) where it crops out north and
south of the graded road from Encampment to Baggs,
Wyo. (Wyoming Highway 70). The middle laminated
phyllite is variable in lithology, but the most common
rock type is a laminated phyllite consisting of alter-
nating quartz and mica-rich layers. This laminated
phyllite grades upsection into a rock succession
consisting of alternating beds of schist and quartzite.
The quartzite beds are 30 to 50 cm thick and show
small-scale planar crossbedding. In the lower or
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northern outcrops, the laminated phyllite contains
magnetite-rich quartzite. All these lithologic charac-
teristics are found in the Lookout Schist (unit XI, pl. 1)
of the lower part of the Libby Creek Group in the
Medicine Bow Mountains. In fact, the middle
laminated phyllite of the Copperton Quartzite and
Lookout Schist are nearly identical lithologically. We
have correlated the middle laminated phyllite of the
Copperton Quartzite with the Lookout Schist of the
Medicine Bow Mountains (fig. 21). If this correlation is
correct, it is reasonable to assume that the lower
quartzite of the Copperton is equivalent to the
Medicine Peak Quartzite of the Medicine Bow
Mountains and that the upper quartzite of the Copper-
ton is equivalent to the Sugarloaf Quartzite of the
Medicine Bow Mountains. Both lower and upper
quartzites of the Copperton Quartzite are strongly
deformed, and we do not believe that either of the
quartzites represents a complete section. However, the
lower quartzite contains kyanite and in this respect
resembles the Medicine Peak Quartzite, and the upper
quartzite is an orthoquartzite, similar to the Sugarloaf
Quartzite. We therefore suggest that the Copperton
Quartzite includes rock units equivalent to the
Medicine Peak Quartzite, Lookout Schist, and Sugar-
loaf Quartzite of the Libby Creek Group in the
Medicine Bow Mountains and we have changed its
formal name to Copperton Formation (unit Xcp, pl. 1)
after the former village of Copperton in NEV4 sec. 36, T.
14 N.,,R. 87T W.

The type section of the Copperton Formation is in the
western Sierra Madre along a line that crosses
Wyoming Highway 70, from SW¥4 sec. 31 to S¥z sec. 29,
T. 14 N,, R. 86 W. This section is incomplete because
both lower and upper parts of the section have been
removed by major thrust faults. The maximum
exposed thickness in the type section is about 1,070 m.

The basal quartzite beds of the Copperton (Medicine
Peak Quartzite equivalent) are predominantly coarse-
grained, highly sheared, kyanite-bearing quartzite
that is essentially a quartz arenite. Thin sections of the
basal quartzite show complete recrystallization of
quartz in a granoblastic-polygonal texture. In sheared
and mylonitized parts of the quartzite, stringers as
long as 30 cm of ribbon quartz can be seen in outcrop.
These stringers and other tectonic features are
oriented east-west parallel to the Cheyenne belt in this
area. Primary structures are rare in the basal quartz-
ite because of the intense deformation. The basal
quartzite is about 640 m thick. As noted above, the
middle laminated phyllite of the Copperton (Lookout
Schist equivalent) is composed primarily of alternating
quartz and mica-rich layers and is about 285 m thick.
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The upper quartzite (Sugarloaf equivalent) of the Cop-
perton is a massive white quartzite consisting almost
entirely of quartz. The partial section of this quartzite
is only 145 m thick.

The Copperton Formation extends from the western
Sierra Madre east to sec. 27, T. 14 N., R. 86 W., where
it was removed by a thrust fault. It reappears in sec.
28, T. 14 N., R. 85 W., where it is also bound by thrust
faults on the north and south. The Copperton is
tectonically thinned to the east until it is entirely
removed by faulting in sec. 35, T. 14 N., R. 84 W.

SLAUGHTERHOUSE FORMATION

Divis (1976) formally named a sequence of massive
and siliceous marble with interbedded phyllite and
calcitic schist the “Slaughterhouse Marble” for
Slaughterhouse Gulch (NEz, sec. 27, T. 14 N., R. 85
W.). He correlated the Slaughterhouse with the Nash
Fork Formation of the upper part of the Libby Creek
Group in the Medicine Bow Mountains. Graff (1978,
1979) adopted Divis’ terminology but changed the
name to “Slaughterhouse Formation,” which is the
terminology adopted here. Graff (1978, 1979)
correlated his Slaughterhouse Formation with the
Headquarters Schist of the lower part of the Libby
Creek Group of the Medicine Bow Mountains as noted
above. Although we adopt Graff's terminology, we do
not agree with his correlation; instead we consider the
Slaughterhouse Formation an equivalent of the Nash
Fork Formation, as did Divis.

A'F. Divis (unpub. data, 1976) designated outcrops
in and adjacent to Slaughterhouse Gulch as his type
locality and indicated that deformation in this area has
largely obliterated stratigraphic subdivisions.
However, he pointed out that his Slaughterhouse
Marble was largely fine- to medium-grained calcite and
interlayered calcite, dolomite, and quartz. Divis also
noted that chlorite-calcite and biotite-calcite schists
were interlayered with the marble. The intense
deformation and resulting recrystallization and
stretching has so disrupted the section in the
Slaughterhouse Gulch area that we designate a
different type area for the formation where
deformation is less intense and primary features can
be recognized.

The new type locality designated in the report is in
sec. 26 and W¥z sec. 25, T. 14 N., R. 86 W. (pl. 1), north
of the Rambler guard station and south of the point
where Smith Creek crosses Wyoming Highway 70. The
basal Slaughterhouse in this area is composed of fine-
grained, interbedded yellow, red, and green metalime-
stone that contains layers of buff metadolomite,



46

STRATIGRAPHIC SUBDIVISIONS, ROCKS OF SIERRA MADRE AND MEDICINE BOW MOUNTAINS, WYOMING

TasLE 17.—Modal compositions of samples of the Gaps Intrusion, Medicine Bow Mountains and Sierra Madre, Wyoming

[Modes, in percent, from point-counted thin sections. Sierra Madre data from Schuster (1972). Tr, trace; --, not determined]

Sa;\lrnple Quartz Plagioclase Muscovite Biotite Epidote Carbonate Qpaque Chlorite An co'ntent of
0. minerals plagioclase
Medicine Bow Mountains
HLS...coociieceitnicerrnennee 119 80.7 0.4 - - - 7.1 - -
GG.oeoovtecreeereneeeieees 23.9 67.8 5.3 - - - 3.0 - 9
6085 ....coreerieeerernreannes 24.7 53.2 16.1 - - - 6.0 - -
60—85(B) c.cecevviarrnrrranenne 23.3 46.5 214 - 0.6 - 8.2 - -
5.1 40.2 - 40.2 Tr 2.6 12.0 - -
23.5 66.9 44 - 2.2 2.9 - - 10
29.3 56.9 10.6 - - - 3.2 - 8
5.6 49.1 2.8 - - 10.2 2.3 - 13
Sierra Madre
AFCP-1....ceeveereerrens 20 60 10 - - - 8 2 13
AHA272 .......cooevvvvrirnen 5.0 80.6 - 0.2 - - 8.4 5.8 34
AHA2TS ......covevrevrrenrnen 2.8 68.7 - 14 - - 8.5 18.6 33
AHA300......cccceerrrrirenne 9.2 42.2 - - - - 8.2 40.4 28
AHA302.......ccocrerrrnne 2.6 46.5 - - - 0.1 9.3 415 32
Mean (13)....cccecuenneen 14 61 5 3 Tr 1 6 8

quartzite, and dark-green phyllites. Metalimestone
grades upsection into a dark-gray, graphitic phyllite,
which is probably a metasiltstone; the gray phyllite is
overlain by fine-grained chloritic calc-schist. A
complete Slaughterhouse section is not exposed here or
in any other area of the Sierra Madre because the
Slaughterhouse is bracketed on both sides by major
thrust faults. In the type section the basal metalime-
stones are about 400 m thick and the upper phyllite
and schist are about 100 m thick, but we emphasize
that this is a minimum thickness, and, in fact, the type
locality has less of an outcrop area than the
Slaughterhouse of Slaughterhouse Gulch where the
thickness may be 1,200 m. West of the type section, the
Slaughterhouse was removed by thrust faults, and east
of the type section it is in discontinuous bodies that are
in contact with the Cheyenne belt in the south and
thrust faults in the north. Although slivers of the
Slaughterhouse can be found to the eastern limit of the
metasedimentary succession, the rocks are intensely
deformed and recrystallized in most outcrops.

We interpret the Slaughterhouse as a facies of the
Nash Fork Formation of the Medicine Bow Mountains.
The Nash Fork Formation has abundant and
distinctive stromatolites that are interpreted as having
been deposited on a carbonate platform in relatively
shallow water, whereas the Slaughterhouse is thought
to have been deposited on the basin-slope of the
platform comparable to similar facies described by
Hoffman (1976) in the Great Slave Supergroup of
Canada.

BEARING OF THE GAPS INTRUSION ON
THE AGE OF THE DEEP LAKE AND LIBBY
CREEK GROUPS

In the central Medicine Bow Mountains the only
felsic intrusive rock that cuts the Early Proterozoic
succession is a small intrusive body previously referred
to as the Gaps Granite (Houston and others, 1968). It is
in S¥2sec. 8, T. 16 N,, R. 79 W., and N2 sec. 17, T. 15
N., R. 80 W. (here designated the type locality), north
of Lewis Lake and south of a topographic break locally
referred to as “The Gaps.” We here refer to this
intrusion and similar intrusions elsewhere in the
Medicine Bow Mountains and Sierra Madre as “Gaps
Intrusion” (unit Xgt, pl. 1). We prefer this term to
“Gaps Granite” because the intrusions lack potassium
feldspar (table 17) and are too low in silica to be a
granite (table 18). The Gaps Intrusion cuts the Lookout
Schist and Sugarloaf Quartzite, which are the upper
formations of the lower part of the Libby Creek Group.
The Gaps Intrusion in the west-central Medicine Bow
Mountains (sec. 17, T. 15 N., R. 80 W.) cuts the
Sugarloaf Quartzite. Both felsic bodies are in contact
with and may be differentiates of gabbroic sills.

In the Sierra Madre felsic intrusions cut the Cascade
Quartzite in sec. 31, T. 14 N., R. 86 W., and in sec. 20,
T. 14 N., R. 84 W. (too small to show on pl. 1). In the
latter locality the felsic intrusions are within and are
believed to be differentiates of a large gabbroic
intrusion. These felsic intrusive rocks that cut rocks in
about the same stratigraphic position as the felsic
intrusions in the Medicine Bow Mountains are inferred
to be broadly equivalent and are assigned to the Gaps.
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TasLe 18.—Chemical analyses of samples of the Gaps Intrusion, Medicine Bow Mountains and Sierra Madre, Wyoming

[Values are in percent. Analysts: Steve Boese (1-3) and Eric Schuster (1972; 4-7). --, not determined]

Medicine Bow Mountains Sierra Madre
1 2 3 4 5 6 7
SR77-20 SR77-48 AFCP1 AHA272 AHA275 AHA300 AHA302
48.5 54.9 64.3 57.71 52.58 58.00 66.39
12.0 12,7 10.9 15.27 15.81 13.23 10.26
17.1 3.58 14.84 12.86 16.04 13.20 9.45
3.65 2.22 .53 3 5 5 3
2.93 6.49 .84 27 .35 .08 3.83
4.71 7.92 5.44 5.49 4.81 1.83 1.06
2.77 21 .63 .96 1.01 1.24 2.03
4.2 1.3 1.3 2.18 2.38 97 .64
.09 25 .02 .03 .04 .07 a1
.82 - .25 - - - -
96.77 90.00 99.05 97.8 98.0 93.7 96.8

SAMPLE LOCALITIES

1. Along Wyoming Highway 130, NE¥4SWV4 sec. 25, T. 16 N., R. 80 W.

2. SEV4SWVisec.8,T.16 N, R. 79 W.

3. Near Copperton, SEVaNWV4 sec. 31, T. 14 N,, R. 86 W,
4-5. SEV4aNEV4 sec. 26, T. 14 N., R. 86 W.
6-7. NEV4SEV4 sec. 30, T. 14 N.,R. 85 W.

Felsic intrusive bodies assigned to the Gaps
Intrusion in both the Sierra Madre and Medicine Bow
Mountains consist primarily of plagioclase (table 17)
with lesser and variable amounts of quartz, muscovite,
and opaque minerals. Accessory minerals are biotite,
epidote, carbonate, and chlorite. Although the
composition of these felsic rocks is quite variable (table
17), most are leucocratic, sodic quartz diorite with
oligoclase or albite and no potassium feldspar. The
unusual mineralogy of these so-called “quartz diorites,”
that is, high muscovite (or biotite), very sodic plagio-
clase, high opaque minerals, and local chloritization
and carbonatization, raises problems in interpreting
their petrologic and tectonic significance. The
mineralogy could reflect primary igneous features of
these rocks (as spilitization of gabbroic magmas).
However, there are several indications that the present
mineralogy and geochemistry reflect metamorphic
alterations of original quartz dioritic, dioritic, or
gabbroic rocks. The intrusions in the Medicine Bow
Mountains are along major fault zones and are
themselves highly sheared and fractured, which would
facilitate extensive alteration of feldspars during the
regional greenschist-facies metamorphism. Also, micas
in the intrusion at the Gaps define a well-developed
foliation that is parallel to foliation in the surrounding
Lookout Schist (Karlstrom and others, 1981); these
micas probably were of metamorphic origin. Further-
more, sulfides and uraninite mineralization (as much

as 1,000 ppm U) occurred along fractures in the
intrusion at the Gaps, suggesting rather extensive
movement of fluids during deformation.

Although more petrologic work is obviously needed
on the Gaps Intrusion, one clue to the original
character of these felsic bodies is their spatial
association, in outcrop, with gabbroic and dioritic dikes
that also cut the Libby Creek Group. This association
suggests that the Gaps Intrusion may be genetically
related to, and a felsic differentiate of, at least some of
the mafic dikes. However, we have found no
transitional contacts or mutually crosscutting
relationships that would prove a genetic relationship
between the mafic and felsic intrusions.

Chemical analyses of the Gaps Intrusion (table 18)
and the associated mafic dikes (table 19) also appear to
support the interpretation that the Gaps Intrusion is
genetically related to the mafic dikes. The intrusion is
richer in silica, sodium, and titanium, and poorer in
magnesium, manganese, and calcium. However, in
spite of those differences, an AFM plot of both felsic
and mafic bodies (fig. 22) shows that the quartz diorite
follows the same iron-enrichment trend as the mafic
dikes. This differentiation trend lies close to the line
separating tholeiitic from calc-alkalic rocks (Irvine and
Barager, 1971).

The Gaps Intrusion, in spite of its limited outcrop
area, is an important unit because, if it were accurately
dated, it would place an upper limit on the age of the
lower part of the Libby Creek Group and hence most of
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TaBLE 19.—Chemical analyses of samples from gabbroic and dioritic dikes cutting rocks of the Libby Creek Group, Medicine Bow Mountains,
Wyoming

[Values are in percent. Analyst: Steve Boese, University of Wyoming, 1979. Where no Fe0 value is given, total Fe is reported as Fe,0;. --, not determined]

1 2 3 4 5 6 7
48.91 49.00 51.00 52.20 50.20 46.00 49.50
1451 14.70 17.60 17.30 13.00 14.90 12.90
4.39 10.56 10.04 10.88 11.71 12.60 13.33
8.81 - - - - - -
5.12 7.77 3.41 4.00 7.06 6.78 6.86
7.76 10.27 8.45 487 8.18 10.08 9.71
2.74 2.13 321 3.65 3.35 2.29 1.59
161 83 131 2.29 A7 22 34
1.95 90 90 1.00 1.30 1.00 1.00
.16 .09 .08 12 .10 .09 .09
14 17 13 .16 15 17 .10
2.73 - - - - - -
55 - - - - - -
A7 - - - - - -
99.85 96.42 96.13 96.47 95.52 94.13 95.52
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the Snowy Pass Supergroup. However, attempts to
date the Gaps Intrusion at the Gaps locality have
vielded equivocal results. Hills and Houston (1979)
reported a date of 1,755+215 Ma with an initial
87Sr/*®Sr ratio of 0.723. The S'Rb/®Sr ratio is
anomalously high, and the origin of the excess radio-
genic strontium is uncertain (Hills and Houston, 1979).
More recent attempts at dating the intrusion suggest
an age of 1,900-2,150 Ma (Carl Hedge, written com-
mun., 1983). Hedge collected rock from the Gaps area
and found two localities where the pervasive shearing
and alteration were less pronounced. Large samples
collected from these localities failed to yield zircons,
but both samples had favorable rubidium-strontium
ratios. A two-point isochron gives an age of 1,905 Ma
and an initial 3’Sr/%6Sr of 0.715. Hedge considers this
to be the minimum age for the Gaps Intrusion.

If the intrusion is a differentiate of the mafic dikes,
as we have suggested, the initial 87Sr/®®Sr of the rocks
would have been lower. Using low initial ratios, such as
one would expect of a differentiate of a gabbro, Hedge
determined ages of 2,100-2,150 Ma for the least
sheared sample and 2,000 Ma for the other sample. He
concluded that if the quartz diorite is indeed a
differentiate of a gabbroic rock, the 2,100- to 2,150-Ma

Houston and others (1968, p. 51), sample 1: Dike cutting the Medicine Peak Quartzite, NWV4 sec. 26, T. 16 N., R. 80 W.

SR77-32: Dike cutting the Sugarloaf Quartzite, 400 ft east and 3,900 ft north of the southwest corner sec. 19, T. 16 N, R. 79 W.
R77-28: Dike cutting the Sugarloaf Quartzite, 380 ft east and 3,200 ft north of the southwest corner sec. 19, T. 16 N., R. 79 W.
SR77-36: Dike cutting the Nash Fork Formation, 4,600 ft east and 1,090 ft north of the southwest corner sec. 18, T. 16 N, R. 79 W.
SR77-23: Dike cutting the Sugarloaf Quartzite, 3,935 ft east and 2,415 ft north of the southwest corner sec. 23, T. 16 N, R. 79 W.
SW1: Large sill cutting the Nash Fork Formation, 3,670 ft east and 1,700 ft north of the southwest corner sec. 19, T. 15 N., R. 80 W.
SW3: Sill cutting the Medicine Peak Quartzite, 4,115 ft east and 2,240 ft north of the southwest corner sec. 26, T. 15 N., R. 81 W.

age is most likely, and the apparently young ages and
high initial ratios of Hills and Houston (1979) and of
the two-point isochron may reflect samples disturbed
by shearing and alteration.

The 1,900- to 2,150-Ma age for the Gaps Intrusion at
the type locality near Lewis Lake is critically
important to our understanding of the Early Protero-
zoic succession. In earlier papers we suggested that the
rocks of the Deep Lake Group and the lower part of the
Libby Creek Group might correlate with or be about
the same age as the Huronian Supergroup of the north
shore of Lake Huron (Houston, Karlstrom, and Graff,
1979) (fig. 21), because of lithologic similarities and the
fact that wuranium-bearing quartz-pebble conglo-
merate, which is believed to be time bound, is present
in both successions. The Huronian Supergroup is older
than about 2,100 Ma, and uranium-bearing quartz-
pebble conglomerates are believed to be confined to
rocks older than about 2,000 Ma (Houston and Karl-
strom, 1980), but until the age of the Gaps Intrusion
was determined, our best bracket for the age of the
Deep Lake Group and lower part of the Libby Creek
Group was 1,700-2,700 Ma (Hills and others, 1968).
We can now be more confident of the correlation with

the Huronian Supergroup, and, in addition, the
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Ficure 22.—Geochemistry of the Gaps Intrusion and mafic dikes
cutting the Libby Creek Group. A, Alkali-silica plot (alkalic-
tholeiitic boundary from MacDonald, - 1968). B, Alkali-
iron-magnesium plot (tholeiitic-calc-alkalic boundary from Irvine
and Baragar, 1971).

uranium-bearing quartz-pebble conglomerate of the
Deep Lake Group can be said to fit the time-bound
model and thus have a higher probability of ultimate
economic potential.
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